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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
8Health 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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Xii 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 NHEs 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.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the
National Institute for Health Research.
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Chapter 1
Introduction and overview

he National Institute for Health and Clinical Excellence (NICE) is increasingly making

decisions about health technologies close to licence through the single technology
assessment (STA) 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, including 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 (RCTs) 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 technology and the potential costs to
future NHS patients in terms of the value of evidence that may be forgone by early adoption.
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 for ‘only in research’ (OIR) or
‘approval with research’ (AWR) recommendations, as well as how these assessments should be
made, will enable them to be addressed in an explicit and transparent manner.

The Medical Research Council (MRC) and National Institute for Health Research (NIHR)
Methodology Research Programme recently funded the Universities of York and Brunel to
undertake research to help inform when NICE should recommend the use of health technologies
only in the context of an appropriately designed programme of evidence development (see
Appendix 5). The NICE Guide to the Methods of Technology Appraisal' states that ‘the Appraisal
Committee may recommend that particular interventions are used within the NHS only in

the context of research’ It indicates that four issues should be considered by the Appraisal
Committee when recommending further research. These are (1) whether or not the intervention
is reasonably likely to benefit patients and the public, (2) how easily the research can be set up
or whether or not it is already planned or in progress, (3) how likely the research is to provide
further evidence and (4) whether or not the research is good value for money.

The aims of this research are to:

1. establish the key principles of what assessments are needed to inform an OIR or
AWR recommendation

2. evaluate previous NICE guidance in which OIR or AWR recommendations were either made
or considered, and examine the extent to which the key principles from (1) are evident

3. evaluate a range of alternative options to establish the criteria, additional information and/
or analyses that could be made available to help the assessments needed to inform an OIR or
AWR recommendation

4. provide a series of final recommendations, with the involvement of key stakeholders,
establishing both the key principles and associated criteria that might guide OIR and AWR
recommendations, identifying what, if any, additional information or analyses might be
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included in the NICE technology appraisal process and how such recommendations might
be more likely to be implemented through publically funded and sponsored research.

The relevance of this work to NICE has been evaluated through a series of two workshops
involving key stakeholders, including members of NICE and its Advisory Committees (including
lay members and members of other NICE programmes), patient representatives, manufacturers,
and research and NHS commissioners, as well as relevant academics. Establishing the key
principles of what assessments are needed to inform OIR or AWR recommendations requires

a critical review of a diverse literature on principles and policy and previous NICE guidance

(see Chapters 2 and 4); the development of a coherent conceptual framework (see Chapter 3,

Key principles and assessments needed and Changes in prices and evidence); and consideration of
whether or not such principles conflict with established ethical principles and the social value
judgements adopted by NICE (see Chapter 3, Social value judgements and ethical principles).

The first workshop took place in September 2010 and considered four main topics:

1. the relevance to NICE of existing literature

2. whether or not the key principles and assessment that have been identified provide useful
guidance on when OIR and AWR might be considered

3. the insights from a detailed review of previous NICE guidance

4. whether or not the proposed methods to inform assessment and criteria to select case studies
are suitable.

Relevant summaries of the key issues were provided in the form of briefing documents
that covered these four topics. These documents, which formed the basis for 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 primary output of this workshop was a set of principles and explicit criteria (a sequence

of assessments and decisions) to support OIR and AWR recommendations. This sequence

of assessments (an algorithm) can be summarised as a simple 7-point checklist, which was
subsequently applied to a series of four case studies. Each case study examines how each of the
assessments might be made based on the type of evidence and analysis currently provided in
NICE technology appraisals and how these assessments might be better informed with a range of
additional information and/or analyses.

The second workshop took place in June 2011 and considered:

1. whether or not the revised algorithm of assessments and the associated checklist
has identified the key judgements that need to be made when considering OIR and
AWR guidance

2. based on the application of this checklist to the series of case studies, whether or not such
assessments can be made based on existing information and analysis provided to NICE and
in what circumstances could additional information and/or analysis be useful

3. what implications 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).

Relevant summaries of the key issues were provided in the form of briefing documents
that covered these three topics. These documents, which formed the basis for the
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workshop presentations and related group discussions, as well as a summary of feedback
and list of participants, is available at www.york.ac.uk/che/research/teehta/workshops/
only-in-research-workshop/.

The primary output of this workshop was a list of possibilities that NICE might choose to take
forward in the next revision of the Guide to the Methods of Technology Appraisal' and how this
might inform the formulation of guidance in the other NICE programmes. It might also suggest
how a consideration of uncertainty and the need for evidence might influence value-based
pricing and the impact of patient access schemes on OIR and AWR guidance.

The main report is intended to be accessible to a wide audience, providing intuitive
explanations of why certain assessments are important and illustrating how they might be
informed using examples. Notes have been used extensively, especially in Chapters 3 and 5,
to provide explanatory detail without adding undue complexity to the exposition in the main
text (see Notes). The main report is accompanied by (1) supporting material for each chapter
(see Appendices 1-5), (2) a technical appendix (see Appendix 6), which provides a more
formal treatment of why, in principle, each type of assessment is important, (3) full details of
the analysis undertaken for each of the four case studies referred to in Chapter 5 of the main
report (see Appendices 7-10) and (4) a series of technical notes (see Appendix 11) that deal
with some conceptual and analytical details that are common to the case studies reported in
Appendices 7-10.

The main report is organised as follows. The results of a critical review of policy, practice and
literature in this area are presented in Chapter 2, supported by material in Appendix 1. The

key principles and the sequence of assessments needed are presented in Chapter 3, supported

by Appendix 2 and critically the technical appendix (see Appendix 6), which provides more
formal treatment of the issues. A review of NICE technology appraisal guidance is presented

in Chapter 4, supported by material in Appendix 3. The checklist of assessment needed and

its application to the four case studies using a range of additional information and analysis is
reported in Chapter 5. Chapter 5 is supported by material in Appendix 4 and critically by the full
details of the analysis undertaken for each case study, reported in Appendices 7-10, and the series
of technical notes in Appendix 11. Finally, Chapter 6 briefly draws together 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. Chapter 6 draws on the feedback provided at the second workshop, which has been
summarised and is available online (see above).
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Chapter 2

Critical review of policies, practice
and literature

Aims and objectives

There is a growing and diverse literature on OIR/AWR?*™ and on when decisions to adopt a
technology should be delayed.®” There is also considerable variation in the terminology used
across this literature, which reflects the different decision contexts, not all of which are relevant
to NICE. There is a need to critically review this literature to distil any common themes and core
principles relevant to the NICE context. The main purpose of the review is to help to inform

the development of a unifying conceptual framework within which these themes and principles
can be located and understood. This, in turn, will enable a consistent and clear terminology

to be established which will assist clarity in subsequent policy debates and may provide NICE
with useful definitions and terminology that can be used in communicating its guidance,
considerations and methods. The specific aims of the review were:

m  to review alternative terminologies and taxonomies used to describe and classify approaches
to OIR/AWR and to establish their relevance to the NICE context
® toidentify any common themes and principles discussed in relation to OIR/AWR.

Methods

The existing literature on OIR and AWR is only partly represented in traditionally published
papers; much is located in policy and discussion documents. The diversity in these sources
was reflected in the range of search strategies employed, covering (1) traditional published
literature, (2) grey literature and (3) policy and discussion documents. In addition, relevant
interest groups and policy websites were searched, reference lists of previous reviews® were
checked, separate citation searches were performed using key references and discussions were
held with our Advisory Group. In reviewing the results of the systematic search and selecting
relevant studies for inclusion, a relatively inclusive approach was adopted. Case study examples
of AWR/OIR were not searched for explicitly; instead the focus of the searches was to identify
relevant methodological papers. Case study examples comprising a significant discussion of
methodological issues were, however, included in the review.

A summary of the search strategies are discussed under the relevant subheadings below. Full
details of the separate searches are reported in Appendix 1.

Traditional published literature
A traditional systematic search was undertaken in MEDLINE, MEDLINE In-Process & Other
Non-Indexed Citations, EMBASE, The Cochrane Library, EconLit and Cumulative Index to
Nursing and Allied Health Literature (CINAHL) based on appropriate search terms informed
by key publications to identify relevant literature.® An iterative approach was used in the
development of search terms and strategies incorporating ‘pearl-growing’ techniques through
additional citation and reference searching of key publications and discussions with our Advisory
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Group. Searches were restricted to documents produced from 1999 onwards as the use of
OIR and AWR policies is a relatively recent process and so it is not expected that any relevant
references will be identified before this date.

To test the performance of the search strategy, records initially identified from the case for
support and citations contained within those documents and articles were cross-referenced
with the results identified from the searches (capture-recapture method). In doing this it was
concluded that the final search strategy identified all of the records it would be likely to identify,
that is, those accessible from traditional (non-grey literature) sources.

Grey literature searches
Additional searches of grey literature were also undertaken using a similar approach reported
in the review by Stafinski et al.® The following grey literature databases were searched: the New
York Academy of Medicine Grey Literature Report and the IDEAS database (Department of
Economics, University of Connecticut). A similar set of key words as for the review of the
traditional published literature was used for the grey literature searches, with some modifications
because of the different recording mechanisms operated by the grey literature databases. Searches
were again restricted to documents produced from 1999 onwards.

Policy and discussion documents
The third element of the search was based on policy and discussion documents. Although
the focus of the search related to UK policy and discussion documents, documents from key
international organisations were also included. Relevant international organisations and websites
were identified in conjunction with our Advisory Group. A number of policy documents were
also identified from those referenced in the case for support and from the reference lists of key
papers.”'2 A number of additional organisation websites were searched for relevant documents.
Where possible, web searches were restricted to documents produced from 1999 onwards for
consistency with the other search elements.

Other sources
The final element of the search considered a variety of other sources including relevant interest
groups [e.g. the Health Technology Assessment international (HTAI) interest subgroup on
conditional coverage and evidence development for promising technologies and the Programs
for Assessment of Technology in Health (PATH) website containing publications relating to
the programme of conditionally funded field evaluations (CFEEs) in Ontario], other reviews,®
references suggested by our Advisory Group and additional searches based on citations of papers
identified from earlier stages.

Literature search results

A summary of the search results is provided in the following sections. Full details of the results
and a summary of included references are reported in Appendix 1.

Identified references
In total, 59 references were included in the review; 43 of these were journal articles,>>%!3-
11 were policy documents (eight UK and three non-UK)*-'>?251-%¢ and five were based on
presentation slides or discussion documents.>*-°

Of the 43 journal articles, the majority are academic ‘think pieces’ on issues relating to OIR and
AWR with additional responses to previous articles.>"*-*¢ Although a number of the journal
articles provide a discussion of many of the general issues relating to the use of OIR and
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AWR,>*'7-2 3 smaller proportion explicitly address the issue of terminology and/or provide a
taxonomy of OIR/AWR types (n=11). The majority of the journal articles discuss specific issues
relating to OIR/AWR implementation, most commonly in relation to evidence collection and
design (n=41). These issues are often illustrated in the context of specific case study applications
such as the positron emission tomography register or the National Emphysema Treatment

Trial (NETT). A relatively large number of these articles also discuss ethical issues and social
value judgements relating to the implementation of OIR/AWR policies (n=20) and issues of
investment and reversal costs (n=21).

The 11 policy documents®~"1#?2°1-% jdentified are from UK and non-UK sources. From the UK,
relevant documents are produced by HM Treasury,’ the Department of Health,* the House of
Commons Health Committee,'” NICE and the Agency for Healthcare Research and Quality
(AHRQ),”* NICE Citizens Council,"! NHS Scotland,” the Office of Fair Trading (OFT)'? and the
Office of Life Sciences.” Outside of the UK, relevant documents identified are all produced by
US organisations: the Centers for Medicare & Medicaid Services (CMS),* the Health Industry
Forum® and the National Health Policy Forum.* In many of these policy documents OIR

and AWR are typically discussed as part of a wider general health policy theme as opposed to
being the central issue under consideration. Only a small number?°"* offer any insights into
terminology and/or taxonomies relating to OIR/AWR. Over half (1 =7) present general issues of
OIR/AWR and specific issues most commonly related to evidence collection. Issues of investment
and reversal costs, changing prices and ethical issues/social value judgements are covered to a
lesser extent in the policy documents.

The final five references included are presentation slides or discussion documents.***° These are
all widely cited in the OIR and AWR literature. None of these references discusses terminology or
taxonomies of OIR/AWR types. Instead they again focus on general themes of OIR/AWR, with
some discussing specific issues such as evidence collection.

Summary of the key issues for practice and policies for ‘only in research’ and ‘approval
with research’ schemes
The following sections discuss the main findings in line with the key objectives of the review.

Review of terminology and taxonomies of ‘only in research’/‘approval

with research’ schemes

Multiple definitions of OIR- and AWR-type schemes are reported in the literature. These are
commonly provided within a broader consideration of conditional coverage or risk-sharing
schemes. Despite the variation in terminology that exists, a number of common themes emerge.
Most notably, the use of OIR/AWR is commonly defined as providing an alternative to a binary
accept/reject decision for policy-makers in situations in which the technology does not appear to
meet the standard criteria for reimbursement, predominantly because of uncertainty surrounding
the existing evidence base and when additional data collection could reduce this uncertainty.”!
The emphasis placed on uncertainty and the specific role that the collection/generation of
additional evidence plays in reducing existing uncertainty is what distinguishes OIR/AWR
schemes from the broader range of conditional coverage or risk-sharing approaches,” in which
the focus is to shift the burden of uncertainty onto another party (usually the manufacturer)
rather than to collect information to reduce this uncertainty for future decisions.***

In considering how to appropriately define and categorise OIR/AWR schemes, it is important to
consider what particular terms mean in their various contexts. In the context of NICE, OIR is the
term used when a recommendation is made to restrict an approval decision to only those patients
who subsequently receive the intervention as part of a well-designed programme of research.
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OIR has been available as a formal policy option since the inception of NICE® and provides an
important additional option to accept and reject decisions.’

In contrast to an OIR recommendation, the use of AWR does not necessarily limit coverage to
those participating in the clinical study or registry. Hence, the distinction between OIR and AWR
is primarily the degree of coverage that each confers for reimbursement purposes. Although
AWR is not currently a formal policy option available to NICE, it is able to issue specific research
recommendations as part of any guidance and can link this to the timing of any reappraisal.
Consequently, AWR represents a valid option for consideration. Importantly, both OIR and AWR
strategies are distinct from general recommendations for further research made as part of the
appraisal process, in which no link to generating evidence as a condition of coverage is made.
However, given the current directives and remit of NICE, the research recommendations issued
as part of an AWR decision are not a mandatory requirement of approval. As a result, inevitably
there exists some uncertainty following an AWR recommendation over whether or not the stated
research recommendations will actually be conducted.

Although slightly different definitions and terminology are applied in the broader literature
relating to OIR and AWR schemes, they are relatively similar in their meaning. For example, in
the USA, the term ‘coverage with evidence development’ (CED) is often used as a catch-all term
for OIR- and AWR-type schemes. Sections 1862(a)(1)(A) and (1)(E) of the Social Security Act
provide statutory provision for the CMS to issue both OIR- and AWR-type coverage decisions
involving the collection of additional evidence in registries or clinical trials, through national
coverage determinations (NCDs). CMS describes two related but distinct processes: coverage
with appropriate determination (CAD) and coverage with study participation (CSP).>® As with
OIR and AWR, these separate forms of CED are also closely linked to the level of coverage.
CMS may issue a CAD to determine that patients receiving the treatment meet the conditions
specified in the NCD. As part of this they may request more data. CSP allows coverage of certain
items or services for which the evidence is not adequate to support full coverage and for which
further data would be of benefit. Coverage may be extended to patients enrolled in a clinical
research study. To recommend a CSP the evidence should assure basic safety, there should be
high potential to provide significant benefit and there may be significant barriers to conducting
clinical trials. Consequently, CSP would fit with OIR as it currently exists in the UK and CAD is
closer to an AWR-type scheme.

Another example of the use of CED as a catch-all term for OIR/AWR schemes is the
conditionally funded field evaluations (CFFEs) conducted in Ontario, Canada. These are
recommended on the basis of a Health Technology Policy Analysis undertaken by the Medical
Advisory Secretariat for the Ontario Health Technology Advisory Committee, which may
conclude that there is not enough evidence to support uptake and diffusion of the technology.

In these circumstances, coverage for a technology is provided conditional upon additional

data being collected to specifically address residual uncertainty to better inform evidence-

based decision-making. Primarily, the impetus for conducting a CFFE is a lack of evidence on
transferability of evidence to a particular jurisdiction and/or its effectiveness or cost-effectiveness
within particularly subgroups.’”? There are, however, reasons to recommend a CFFE on the basis
of any decision uncertainty regarding the quality of evidence, safety data and cost-effectiveness.”
In practice, coverage is sometimes restricted during the course of the field evaluation to only
those patients participating in the study (e.g. the use of positron emission tomography scanners),
that is, akin to an OIR recommendation; however, in other instances, hospitals can still purchase
technologies and provide services through global budgets during the period of evaluation, thus
appearing less restrictive than an OIR recommendation. Although this implicitly suggests that
separate coverage schemes are considered when a CFFE is commissioned, there appears to be no
formal distinction made within existing policy documents and other published literature between
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different types of schemes and also no discussion of the specific factors that might influence the
degree of coverage. Instead, the type of scheme and degree of coverage appear to be determined
on a case-by-case basis.

As well as any commonalities between CED and OIR/AWR schemes, there also appear to be
similarities in terms of the challenges faced in successfully undertaking these schemes. In the
UK, an OIR scheme can be recommended by NICE when appraising health technologies,

but it also has potential in public health, diagnostics and devices. However, following an OIR
recommendation, there are no formal arrangements to develop the research study required

to reduce uncertainties.’ NICE does not hold a budget to commission research so unless it

is publically funded by research commissioners it will be undertaken only if manufacturers
conduct it, with the NHS contributing excess treatment costs. The lack of co-ordination also
makes it difficult to ensure an update of the recommendation following production of new
evidence.? In the USA, although the CMS will cover the costs of a trial or registry associated with
a CSP decision, there is currently no Medicare-specific funding mechanism for the additional
data collection under CAD and hence there exists similar uncertainty concerning who will be
responsible for paying for the additional data collection under CAD.

Although there have been several previous attempts to develop taxonomies,****?* none of these
has been focused specifically on OIR/AWR schemes and typically these are presented as part of

a broader categorisation of conditional coverage and risk-sharing schemes. For example, in the
taxonomy developed by Carlson et al.,” conditional coverage schemes are divided into CED and
conditional treatment continuation schemes. Within CED, two subtypes are presented — OIR and
‘only with research’ (OWR) - with OWR similar to the term AWR used in this report. However, a
more detailed consideration of OIR/AWR schemes and the potential for further subtypes within
these schemes has not been previously explored in existing taxonomies.

General issues of ‘only in research’/‘approval with research’ schemes

There are many issues that need to be resolved to enable the successful implementation of an
OIR or AWR scheme both generally and also within the specific constraints of NICE.! Central

to this is the need to clarify the objectives of these schemes and the relevant criteria for their

use. However, the critical review identified only limited discussion on the specific circumstances
under which an OIR or AWR scheme may be an appropriate policy option.>'**! The lack of any
clear guidance has led to concerns expressed over ambiguity regarding their use®**” and that OIR
is currently being used as a ‘polite no’ by NICE." Importantly, these concerns are not restricted to
the use of OIR/AWR schemes by NICE. The general lack of clarity on the principles and criteria
for using these schemes is reflected in many commentators’ views that the development and

use of schemes internationally has appeared to be rather ad hoc to date.” Such concerns clearly
highlight the importance of developing a clear set of principles for the use of OIR/AWR by NICE.

Although the majority of existing policy documents related to NICE are not explicit about

the rationale and principles for the use of OIR and AWR in the UK, the report from the NICE
Citizens Council' on the use of OIR does describe the particular circumstances that the Council
thought should be taken into account when NICE considers whether or not to issue OIR
recommendations. These circumstances include:

m  Whether at least one appropriate, relevant study is:
- planned (e.g. the study will definitely start within 6 months of the guidance
publication date)
- in progress (e.g. recruitment to the study is open and is expected to last at least 1 year
beyond the guidance publication date) or
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- could be established quickly (analysis in Chapter 5 explores the impact of the time taken
for research to report).

m  Whether or not the question addressed by the study will contribute to reducing the
uncertainties identified during the preparation of NICE guidance.

m  Whether or not the research is feasible (in terms of numbers of patients, recruitment, etc.)
and is likely to deliver results within an appropriate time period.

m  Whether or not a fully supportive decision would lead to significant irrecoverable fixed
costs of implementation (the impact of these types of cost are explored in Chapter 3,
Technologies with significant irrecoverable costs and Chapter 5, Point 2: Are there significant
irrecoverable costs?).

m  Whether a fully supportive decision, instead of an OIR recommendation, would lead to the
termination of research in progress or prevent new research from beginning and thus have a
negative impact on future collection of relevant information.

m  Whether or not it is realistic to hope that research can be carried out to the satisfaction of
NICE. Factors to be considered include the timeliness of the research, potential number of
patients able to participate in research, the pace of the current research and the precise nature
of the questions to be answered.

In setting out a clear rationale and set of principles for the use of OIR/AWR, NICE will also be
able to work towards identifying which technologies may be suitable for such policies. Ideally
they should be those with potential net benefit but also some degree of uncertainty. It has

also been argued that these schemes could also be used to ‘fast track’ particular treatments.?
However, in addition to their role in new and emerging technologies,® other commentators have
also stressed their potential use for established interventions to inform recommendations for
increased investment or for disinvestment.®

In addition to the rationale and principles, there are also numerous practical issues that need

to be resolved for the successful use of such policies. The recent lung volume reduction surgery
case study highlighted a number of challenges for OIR/AWR, in particular significant opposition
from the clinical community, the significant level of funding required, the length of time required
to complete data collection and limited access for patients in remote areas. As a result of the
multiple sclerosis risk-sharing scheme, the importance of interagency collaboration, achieving
consensus on acceptable quality of evidence, external peer review, predefined clinical benefit

and determining who pays for treatment was also apparent. There also remain other important
challenges, including the need to ensure that research is actually conducted and is fit for purpose,
as well as ensuring that the process is undertaken in a legal, ethical and acceptable manner.*!
Another important consideration is that these schemes need to be designed in order to develop
appropriate incentives to produce evidence in a timely fashion and strategies need to be put into
place to ensure that the research is actually carried out.

Within the UK, the importance of interagency collaboration has been highlighted as a key issue
in ensuring the success of OIR/AWR schemes. In particular, the Cooksey report’ recommended
that arrangements between the Health Technology Assessment (HTA) programme, the

NIHR Service Delivery and Organisation programme and NICE should be formalised so

that recommendations for the use of interventions in the context of clinical studies can

be operationalised.

Specific issues of ‘only in research’/*approval with research’
As well as the more general issues that need to be resolved to ensure the effective use of OIR/
AWR policy options, there are a number of specific issues that need to be addressed.
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Evidence collection

Acquiring appropriate evidence following an OIR or AWR policy is of paramount importance.”
Without an appropriately designed and conducted study, it is likely that little will be achieved in
terms of reducing the uncertainty that led to the use of such policies in the first instance. OIR and
AWR policies allow evidence to be generated specifically to inform decisions, a role not intended
for traditional regulatory trials.” This raises a number of issues and potential challenges related
to the design and funding of further research studies. First, there is currently very little in the
way of formalised arrangements following an OIR/AWR recommendation in many countries.'®*
One exception to this are CFFEs conducted in Ontario, which have a specific funding stream
(albeit modest) covering the evaluation by PATH and additional monies for the fieldwork itself.
However, in many instances this budget is not sufficient to cover the full costs of a CFFE and
therefore other avenues must be explored, such as cost-sharing.'”*

A key issue identified in determining the success of these schemes is the development of working
partnerships between stakeholders (clinical community, decision-makers and manufacturers).?
Related to this is the issue of obtaining funding for OIR/AWR studies and establishing who

pays for the research. In relation to NICE, it has been recommended that the relevant study
should be either planned or currently in progress, or alternatively that a new study could be
established quickly."! Without secure funding the research may never be undertaken and thus the
uncertainties leading to an OIR/AWR recommendation will remain.

The design of the OIR/AWR study will ultimately determine its success® and some of the failures
of existing schemes have been attributed to inappropriately designed studies.”” Perhaps the

most important consideration emerging from the literature is the issue of which type of study

is most appropriate for an OIR/AWR scheme.”* OIR/AWR research (unlike licensing research)

is not confined to RCTs and, depending on the source of uncertainties, other types of evidence
may be sufficient.?” The choice of study is ultimately context specific and related to the source of
uncertainty; however, it may also be influenced by factors such as cost and availability of suitable
patients, collaborating clinical centres and potential ethical considerations. Good routine data
capture mechanisms have a potentially crucial role to play in the feasibility of any scheme'® and
the development of health informatics could greatly reduce the cost of evidence.'®** Whichever
study type is chosen, Tunis and Whicher® argue that discussion regarding the study design
should not take place when the decision is made over who should pay for the study as this
imposes restrictions.* Clarification is also needed on how the evidence collected as a result of

a OIR/AWR policy will be used in an updated coverage decision®' and also how many data are
enough to inform subsequent decisions.”

Important lessons can be learnt from previous studies commissioned as part of an OIR or
AWR policy. The multiple sclerosis risk-sharing scheme has been heavily criticised by many.*
Despite its intention to reduce uncertainty® associated with the use of the disease-modifying
drug therapies beta-interferon and glatiramer acetate in the UK NHS, the exclusion of a control
group from the study has meant that it is difficult to determine effectiveness. Similarly, the
Implantable Cardioverter-Defibrillator Registry failed to provide the CMS with data required
to answer questions regarding patient survival.”® Another widely cited example, a trial of lung
volume reduction surgery (NETT),>?%7:%3233573%8 s Jooked on favourably by some®>*” but has
also been criticised for taking too long® and for not addressing the uncertainties relevant for
decision-making. A number of implications for future studies were also noted, in particular the
importance of interagency collaboration, achieving consensus on acceptable quality of evidence,
external peer review, predefined clinical benefit, determining who pays for treatment and
establishing longer-term follow-up.”
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Critical review of policies, practice and literature

Investment and reversal costs

Investment and reversal costs have also been identified as relevant considerations in the existing
literature. In particular, NICE needs to determine whether a fully supportive decision (as
opposed to OIR) would lead to significant irretrievable costs of implementation and if it would
lead to termination of ongoing research or prevent future research." Gafni and Birch'* also
highlight the need to consider what an intervention that has been subjected to a CED scheme is
displacing before any assessment of potential cost savings through such schemes can be made.

There is also an ongoing challenge of disinvesting in technologies that have previously been
approved.'® Withdrawing coverage is logistically and politically difficult and it is considered more
difficult to reverse a ‘yes’ than a ‘no’** Although no clear consensus has emerged on how these
costs could be factored into the decision-making process, it has been suggested that these could
be based on formal options analysis.?

Changing prices

Although discounting list prices can be thought of as an example of a risk-sharing agreement,”
depending on how the OIR/AWR system operates, it may also lead the manufacturer to
reconsider the pricing of the technology. Allowing prices to change as part of an OIR/AWR
scheme also further extends the options available to decision-makers. Evidence generated as part
of an OIR/AWR clinical study may also lead to a change in price if NICE believes that there is
significant new evidence that will affect a drug’s value. Something similar was observed with the
multiple sclerosis risk-sharing scheme. Depending on the results observed, potential adjustments
to the price of the drugs will be made at intervals to achieve an agreed cost per quality-adjusted
life-year (QALY) of no more than £36,000.> The wider coverage associated with the multiple
sclerosis risk-sharing scheme meant that it was necessary to have an upfront agreement on price
changes following provision of evidence. It is not clear, however, to what extent changing prices
will reduce uncertainty regarding the coverage decision.

Ethical issues

The potential ethical issues arising from the use of OIR/AWR schemes is another important
theme emerging from the existing literature. For OIR, the issue of compulsory participation is
often raised as a concern. Also, because of practical arrangements under OIR, treatments may not
be available in all areas, causing geographical inequalities.* If a RCT is commissioned following
an OIR recommendation, this raises a greater issue in terms of participation than a simple
registry. These access issues in relation to an OIR policy linked to a clinical trial can be somewhat
remedied by a large-scale geographically diverse trial with broad inclusion criteria.?

In addition, it has been argued that denying access to a treatment demonstrated to be effective
(however uncertain) is unethical. Patient advocacy groups may also be unwilling to accept this
policy especially if the treatment is considered to be safe and efficacious.? These issues have
important implications for both the design and the successful conduct of research and hence are
considered in more detail in later sections.

Summary

The critical review identified a number of important themes and principles in relation to the use
of OIR/AWR schemes. However, much of the existing literature is relatively discursive and there
is a need to provide a set of principles and to establish an analytical framework to help guide and
develop appropriate criteria for the use of OIR/AWR schemes by NICE.



DOI: 10.3310/hta16460 Health Technology Assessment 2012; Vol. 16: No. 46

Chapter 3
What assessments are needed?

Since an important objective of the NHS is to improve health outcomes across the population
it serves, a technology can be regarded as valuable if its approval is expected to increase
overall population health. The resources available to the NHS must be regarded as fixed
(certainly by NICE) and so it is not sufficient to establish that a technology is more effective
(the health benefits compensate for any potential harms) than the alternative interventions
available, because approving a more costly technology will displace other health-care activities
that would have otherwise generated improvements in health for other patients.®* Therefore,
even if a technology is expected to be more effective, the health gained must be compared with
the health expected to be forgone elsewhere as a consequence of additional NHS costs, that is,
a cost-effective technology will offer positive net health effects (NHEs).®**%° A social objective
of health improvement and an ethical principle that all health impacts are of equal significance,
whether they accrue to those who might benefit from the technology or other NHS patients, is
an established starting point for the NICE appraisal process (see Social value judgements and
ethical principles).!

An assessment of expected cost-effectiveness or NHEs relies on evidence about effectiveness,
impact on long-term overall health and potential harms, as well as the costs that fall on the NHS
budget together with some assessment of what health is likely to be forgone as a consequence
(the cost-effectiveness threshold).® Such assessments are inevitably uncertain and, without
sufficient and good-quality evidence, subsequent decisions about the use of technologies will
also be uncertain and there will be a chance that the resources committed by the approval of a
new technology may be wasted if the expected positive NHEs are not realised. Equally, rejecting
a new technology will risk failing to provide access to a valuable intervention if the NHEs prove
to be greater than expected. Therefore, if the social objective is to improve overall health for both
current and future patients then the need for and value of additional evidence is an important
consideration when making decisions about the use of technologies.*”-

This is even more critical once it is recognised that the approval of a technology for widespread
use might reduce the prospects of conducting the type of research that would provide the
evidence needed.” In these circumstances there will be a trade-off between the NHEs for current
patients from early access to a cost-effective technology and the health benefits for future patients
from withholding approval until valuable research has been conducted. A key ethical question
arising from this trade-off is whether or not the health impacts for future patients should be
considered and regarded as of similar significance to impacts on current patients (see Social value
judgements and ethical principles).**

Because publically funded research also consumes valuable resources that could have been
devoted to patient care, or other more valuable research priorities, there are a number of
trade-offs that must be made. In making these trade-offs consideration also needs to be given
to uncertain events in the near or distant future, which may change the value of the technology
and the need for evidence.”” In addition, implementing a decision to approve a new technology
is, in general, not a costless activity and may commit resources that cannot subsequently be
recovered if the guidance changes in the future.*’”? For example, there may be costs associated
with implementing guidance or training health-care professionals, or other investment costs
associated with equipment and facilities.”>”* The irrecoverable nature of these costs can have
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What assessments are needed?

particular influence on a decision to approve a technology if new research is likely to report or
other events may occur in the future (e.g. the launch of new technologies or changes in the price
of existing technologies).

The primary purpose of this chapter is to provide a non-technical exposition of the conceptual
framework, developed more formally in Appendix 6, which identifies the key principles and
assessments that are needed when considering both approval and research decisions. The first
section outlines the key principles and the different types of assessment needed and how each
sequence might lead to different categories of guidance. The next section, Changes in prices and
evidence, examines how guidance might change if there are changes in the effective price of the
technology or evidence. The following section, Social value judgements and ethical principles,
highlights the social values and ethical principles associated with OIR and AWR.* Importantly,
within this chapter we do not presuppose how the assessments ought to be made because there
are a range of different types of additional information, evidence and methods of analysis that
might be useful. These alternatives are examined in Chapter 5 where they are more fully explored
and evaluated through four case studies.

Key principles and assessments needed
The key principles and assessments fall into four broad areas:

1. expected cost-effectiveness and population NHEs (including benefits, harms and NHS 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

4. whether or not there are significant (opportunity) costs that 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 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.

This can be complex because these different considerations interact. For example, the effect

of irrecoverable costs will depend on the need for additional research and will also influence
whether research is worthwhile. The sequence of assessments, decisions and resulting guidance
can be represented by a flow chart or algorithm. Although such a representation is an inevitable
simplification of the necessary trade-offs it helps to (1) identify how different guidance might be
arrived at, (2) indicate the order in which assessments might be made, (3) identify how similar
guidance might be arrived at through different combinations of considerations and (4) identify
how guidance might change (e.g. following a reduction in price) and when it might be reviewed
and decisions reconsidered. The complete algorithm is complex (reported in Appendix 2 for
completeness), representing the sequences of assessments and associated decisions, each leading
to a particular category and type of guidance. However, the key decision points in the algorithm,
reflecting the main assessments and judgements required during appraisal, can be represented as
a simple 7-point checklist (see Chapter 5, A checklist of assessment).

Four broad categories of guidance are represented within the algorithm and include ‘approve,
‘AWR, ‘OIR’ and ‘reject’ Each of the categories is further subdivided and numbered to
indicate the different types of apparently similar guidance that could arise from different
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considerations. ‘Delay’ is not considered a particularly useful category because NICE always
has the opportunity to revise its guidance, that is, a decision to reject can always be revised but
it is only with hindsight that reject might appear to be delayed approval. The distinction made
between assessment and decision reflects the NICE appraisal process: first, critically evaluate
the information, evidence and analysis (an assessment), which can then assist the judgements
(decisions) that are required in appraisal when formulating guidance.

Technologies without significant irrecoverable costs
Some element of cost that once committed by approval cannot be subsequently recovered is
almost always present. However, the significance of these types of costs depends on their scale
relative to expected population NHEs associated with the technology as well as the nature of
subsequent events (see Technologies with significant irrecoverable costs and Chapter 5, Point 2: Are
there significant irrecoverable costs?).”” In this section we consider the relatively simple sequence
of assessments and decisions which lead to guidance for those technologies that are not judged to
have ‘significant’ irrecoverable costs associated with approval.

Technologies expected to be cost-effective

The sequence of assessments and decisions, which ultimately leads to guidance, starts with
cost-effectiveness and the expected impact on population NHEs, that is, where existing NICE
appraisal currently ends. This is an assessment of expected cost-effectiveness, that is, ‘on
average, based on the balance of the evidence and analyses currently available. It will include
an assessment of effectiveness and potential for harms as well as NHS costs (see NICE’s Guide
to Methods of Technology Appraisal'). Any assessment may be very uncertain with the scale and
consequences of uncertainty assessed subsequently when considering the need for additional
evidence. The sequence of assessments and decisions (judgements required) is illustrated in
Figure 1. This demonstrates that an assessment of cost-effectiveness is only a first step and does
not itself inevitably lead to a particular category of guidance. For example, a technology that
might on balance be expected to be cost-effective might nevertheless receive OIR guidance if the
additional evidence that is needed cannot be acquired if the technology is approved.

Need for evidence

Some initial assessment of the need for further evidence and a decision about whether or not
further research might be potentially worthwhile is important because a ‘no’ at this point can
avoid further and complex assessments, for example a technology offering substantial and
well-evidenced health benefits at modest additional cost is likely to exhibit little uncertainty
about whether or not the expected population NHEs are positive. In these circumstances, further
research may not even be potentially worthwhile (i.e. the opportunity costs of conducting this
research exceed its potential value) and so guidance to approve could be issued on the basis

of existing evidence and at the current price of the technology (e.g. ‘Approve® in Figure I).

If additional evidence is needed and further research might be worthwhile, then further
assessments and decisions are required before guidance can be issued. Critically, some assessment
is required of the type of evidence that is needed and whether or not the type of research required
to provide it is likely to be conducted if approval is granted.

Research is possible with approval

If research is possible with approval, some further assessment of the long-term benefits of
research is required, including (1) the likelihood that the type of research needed will be
commissioned by research funders or conducted by manufacturers, (2) how long until such
research will be commissioned, recruit and successfully report and (3) how much of the
uncertainty might be resolved by the type of research that is likely to be undertaken.”” An
assessment of other sources of uncertainty that will resolve only over time is also needed, for
example changes in prices or the launch of new technologies.” These sources of uncertainty
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will influence the future benefits of research that could be undertaken as part of AWR. For
example, even if the current benefits of research, which might be very likely to be undertaken,
are considerable, if the price of the technology is likely to fall significantly before or shortly after
the research reports, or if future innovation makes the current technology obsolete (or more
effective), then the future benefits, once the research reports, might be very limited. In these
circumstances it might be better to approve (rather than use a policy of AWR) and reconsider
whether and what type of research is needed at a later date once these uncertainties have
resolved. The judgement of whether the long-term benefits of research are likely to exceed its
expected costs determines guidance, with AWR?" and ‘Approve" in Figure I dependent on ‘yes’
and ‘no, respectively.

Research is not possible with approval

The type of research needed, for example RCTs, may not be possible once a technology is
approved for widespread NHS use (because of ethical concerns, recruitment problems and
limited incentives for manufacturers). In these circumstances the expected benefits of approval
for current patients must be balanced against the benefits to future patients of withholding
approval to allow the research to be conducted. Initially, the same assessment of the long-term
value of the type of research that might be conducted if approval is withheld is still required.
Similarly, the impact of other sources of uncertainty on the longer-term benefits of research is
also needed. If the benefits of research are judged to be less than the costs (i.e. research is not
worthwhile anyway), the technology can be approved based on current evidence and prices
(‘Approve” in Figure 1). However, judging that research is worthwhile at this point is not
sufficient for OIR guidance. In addition, an assessment of whether the benefits of early approval
(expected population net benefits for current patients) are greater than the opportunity costs (the
net benefit of the evidence likely to be forgone for future patients as a consequence of approval)
is required. If the expected benefits of early approval are judged to be less than the opportunity
costs then OIR guidance would be appropriate (‘OIR" in Figure 1). Alternatively, if the expected
benefits of early access for current patients are judged to be greater than the opportunity costs
for future patients then approval would be appropriate (‘Approve® in Figure 1). All of these
assessments, including the benefits of early approval and the value of evidence, will change if the
effective price of the technology is reduced (see Changes in effective prices).

Technologies not expected to be cost-effective

A technology that is not expected to be cost-effective will, on balance, impose negative
population NHEs if it is approved. These negative NHEs can arise because the technology may
not be effective, the potential for harm exceeds any benefits and/or the additional NHS costs are
not justified by the magnitude of the expected health benefits offered. In these circumstances
approval can be ruled out, but which of the other categories of guidance might be appropriate will
depend on subsequent assessments and decisions (Figure 2).

Need for evidence

Any assessment will be uncertain, so it remains possible that a technology that is not expected

to be cost-effective on the balance of existing evidence might offer positive NHEs. Therefore,

the scale and consequences of this uncertainty must be considered to make an initial assessment
of the need for additional evidence and whether additional research might, in principle, be
worthwhile. If it is not then the technology can be rejected based on existing evidence and its
current price (‘Reject” in Figure 2). Alternatively, if further research might be worthwhile then an
additional assessment is required of whether the type of evidence and research that is needed can
be conducted without approval.
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Research is possible without approval

Generally, most types of research (including RCTs) will be possible without approval. Further
assessment of the longer-term benefits of the type of research that is likely to be conducted, and
when it might report, is required, including the impact of other sources of uncertainty that will
resolve over time. If, following this reassessment, the expected benefits of research are judged to
exceed the associated costs then OIR would be appropriate (‘OIR? in Figure 2). Alternatively, if
the costs of research are likely to exceed the longer-term expected benefits then the technology
should be rejected at this point (‘Reject” in Figure 2).

Research is not possible without approval

In some circumstances it is possible that certain types of evidence might be acquired only, or

be more easily acquired (more quickly and at lower cost), once a technology is in widespread
use, for example linking surrogates (specific to the technology) to longer-term health outcomes,
longer-term and/or rare adverse events, greater understanding of learning and incremental
improvements in the use of a technology, or identifying the particular types of patients that
might benefit most.” In this less common situation, in which the type of research needed is not
possible (or is significantly more costly) without approval, the same assessment of the longer-
term benefits of research is required. If further research is judged not to be worthwhile following
this reassessment, the technology can be rejected (‘Reject” in Figure 2). Alternatively, if research
is judged worthwhile, an additional assessment of whether the benefits of approval exceed the
costs is required. In this case, approval of a cost-ineffective technology would make the research
possible, but will impose opportunity costs (negative expected population NHEs). The key
question is whether the net benefits of the research exceed these opportunity costs. If they do
not then the technology should be rejected even though research, had it been possible without
approval, would have been worthwhile (‘Reject” in Figure 2). Alternatively, if the net benefits of
research more than offset the opportunity costs then AWR would be appropriate even though the
technology is expected to be cost-ineffective (AWR? in Figure 2).

Therefore, AWR guidance for technologies not expected to be cost-effective is certainly possible
but is appropriate only in certain circumstances: (1) the type of research needed is not possible
without approval, (2) the long-term benefits of the research are likely to exceed the expected
costs and (3) the additional net benefits of such research exceed the opportunity costs of
approving a cost-ineffective technology. More commonly, research might be possible but more
costly without approval. In these circumstances, AWR guidance could be considered only if

the additional costs of research without approval exceed the opportunity costs of approving a
cost-ineffective technology.

Technologies with significant irrecoverable costs
Irrecoverable costs are those that, once committed, cannot be recovered should guidance be
revised at a later date. In most NICE appraisals these are included in the expected (per patient)
cost of a technology. However, rarely is their potential additional impact explored when future
events, such as research reporting or other sources of uncertainty resolving, might mean that
guidance will be revised in the near or distant future.”> These types of cost are commonly
thought of as capital expenditure on equipment or facilities which have a life expectancy
that extends beyond the current patient population. They might also include the resources
required to implement guidance or to train staff to use a new health technology or a period of
‘learning’ during which NHEs are lower. Although these costs are incurred up front, they tend
to be included in NICE assessments as if they are paid per patient treated over the lifetime of
the equipment or facility. This common assumption will have no effect as long as guidance is
certain not to change during this period. However, if it is possible that initial approval might
be withdrawn at some point, then, although future patients will no longer use the technology,
these upfront costs cannot be recovered (see Issues specific to ‘only in research’ recommendations).
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What assessments are needed?

Therefore, in these circumstances it would be inappropriate to include these costs as if they were
paid per patient treated (see Point 2: Are there significant irrecoverable costs?). The possibility that
approve or AWR might be reconsidered after research reports, for example, and the impact that
this would have on expected costs need to be considered before committing these types of capital
costs, that is, it may be better to withhold approval and avoid commitment of resources until the
uncertainty is resolved.

However, irrecoverable costs may be much more common. Even in the absence of capital
investment in equipment and facilities, most new technologies offer a ‘risky investment profile’
for each patient treated. Generally they impose initial per patient treatment costs that exceed

the immediate health benefits (see Point I: Is it expected to be cost-effective?). These irrecoverable
treatment costs are offset only by cost savings and health benefits in the longer run, that is,
initially negative NHEs (losses) are only gradually compensated by later positive ones (gains).
Therefore, a technology expected to be cost-effective may be expected to break-even, that is,
when accumulated ‘gains’ compensate earlier ‘losses, after some considerable time. If guidance

is likely to change it is possible that initial losses will not be compensated by later gains and

the expected additional NHEs will not be realised.” This type of investment profile becomes
significant (has some influence on a decision to approve) if the decision to treat a presenting
patient can be delayed until uncertainty is resolved (e.g. research reports or other events occur)
because the commitment of irrecoverable opportunity costs (negative NHEs) can be avoided (see
Point 2: Are there significant irrecoverable costs?). In these circumstances, OIR or reject avoids this
commitment and preserves the option to approve the technology at a later date when its purchase
by the NHS represents a ‘less risky investment’’>*

Although aspects of irrecoverable cost are almost always present, their potential significance
also depends on their scale relative to expected population NHEs of the technology. Critically,
their impact depends on the chance that guidance will be revised in the near or distant future

as a result of new evidence becoming available or changes in prices and technologies. The full
algorithm becomes more complex (see Figures 27 and 28 in Appendix 2) so here we focus on the
key differences from the section on technologies without significant irrecoverable costs.

Technologies expected to be cost-effective

The presence of irrecoverable costs associated with a technology that is expected to be cost-
effective will influence guidance and be regarded as ‘significant’ only if there are future events
(research reporting or other sources of uncertainty resolving) that might change guidance. For
example, if research is possible with approval and is expected to be worthwhile, AWR does not
necessarily follow as previously (e.g. see AWRY in Figure 1) because the impact of irrecoverable
costs must also be considered. Now OIR may be more appropriate than AWR (e.g. the choice
between ‘OIR* or AWR? in Figure 27), even though the research would be possible with
approval, because OIR avoids the commitment of irrecoverable costs until the results of research
are known. This is especially so when there are also other sources of uncertainty that might
resolve while the research is being conducted because they increase the chance that guidance will
be revised (e.g. ‘OIR” or AWR? in Figure 27).

If research is not possible with approval but is expected to be worthwhile, then OIR will be
appropriate if the opportunity costs of early approval are judged to exceed the benefits (e.g. ‘OIR®
rather than ‘Approve” in Figure 27). These opportunity costs will now also include the impact

of irrecoverable costs when guidance might be changed as well as the value of evidence that will
be forgone by early approval. Therefore, irrecoverable costs will tend to make OIR rather than
approval more likely, particularly when there are other sources of uncertainty that might resolve
while the research is being conducted (e.g. ‘OIR® rather than ‘Approve” in Figure 27).
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If research is not judged worthwhile, approval does not necessarily follow as previously (e.g.
‘Approve"** in Figure 26). Now the technology should be approved only if there are no other
sources of uncertainty. If there are other sources of uncertainty, then an assessment of the
benefits and costs of early approval is needed that takes account of irrecoverable costs and the
risk that guidance might change in the future. Therefore, reject rather than approval is possible,
even though a technology is expected to be cost-effective, because the decision to commit the
irrecoverable costs can be reconsidered once the other sources of uncertainty have resolved (e.g.
‘Reject™ in Figure 27).

Technologies not expected to be cost-effective

The presence of irrecoverable costs for technologies not expected to be cost-effective does not
change the categories of guidance, or how they might be arrived at. However, it does mean

that reject is more likely to be appropriate than AWR when research is not possible without
approval (see AWR?® in Figure 28). This is because a decision to reject, although it may be revised
to approve, generally does not commit irrecoverable costs. Although there may be resources
associated with making sure subsequent approval is properly implemented, these costs are
properly considered as an irrecoverable cost associated with approval (rather than a reversal

cost of reject). There may be circumstances when implementing guidance to reject a technology
also requires resources if it has already diffused into clinical practice. If these are significant they
should be taken into account in the same way as other irrecoverable costs, tending to make AWR
more likely to be appropriate.

Different types of guidance
Each sequence of assessment and decision leads to different categories and ‘types’ of guidance
for technologies with differing characteristics, indications and target populations. The different
‘types’ of guidance illustrate how similar guidance might be arrived at in different ways, helping
to identify the particular combinations of considerations that might underpin guidance,
contributing to the transparency of the appraisal process. The possible categories and types of
guidance are summarised in Table 1; the numbers in the body of the table refer to the numbered
guidance in Figures 1 and 2 and the algorithm in Appendix 2 (see Figures 26-28).

The categories of guidance available to NICE have wider application than is reflected in
previous guidance (see Chapter 4). For example, there are five different types of OIR that may be
appropriate when a technology is expected to be cost-effective. Indeed, OIR may be appropriate
even when research is possible with approval if there are significant irrecoverable costs. AWR
can be considered only when research is possible with approval, but reject remains a possibility
even for a cost-effective technology if there are irrecoverable costs. Therefore, the full range of
categories of guidance (OIR and reject as well as AWR and approve) ought to be considered

for technologies that, on the balance of existing evidence and current prices, are expected to be
cost-effective.

It is only approval that can be ruled out if a technology is not expected to be cost-effective, that
is, cost-effectiveness is necessary but not sufficient for approval but lack of cost-effectiveness

is neither necessary nor sufficient for rejection. Although likely to be uncommon, there are
circumstances when AWR may be appropriate even when a technology is not expected to be
cost-effective (see Technologies without significant irrecoverable costs and Technologies expected

to be cost-effective). More commonly the choice of appropriate guidance will be either reject or
OIR. 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. Guidance will depend on a number of other key
assessments including (1) the need for evidence, (2) whether or not the type of research required
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is possible with approval, (3) the expected longer-term benefits and costs of the type of research
likely to be conducted, (4) the impact of other sources of uncertainty that will resolve over time
and (5) the significance of any irrecoverable costs.

Changes in prices and evidence

The type of guidance that might be appropriate will be influenced by changes in the effective
price of the technology, the type of evidence available to support its use and whether or not
further research is likely to be undertaken, either by manufacturers or research commissioners, as
a result of OIR or AWR guidance.

Changes in effective prices
Any change in the effective price of a technology, either through patient access schemes (which
offer some form of discount that reduces NHS costs) or direct price changes (possibly negotiated
though a future value-based pricing scheme), will affect key assessments and decisions, leading
to different ‘paths’ through the algorithm, consequently changing the category of guidance that
would be appropriate (Simon Walker, Centre for Health Economics, University of York, UK,
July 2011, personal communication).*** For example, provisional OIR guidance for a technology
that is expected to be cost-effective might be revised to approve with a sufficient price reduction
because the benefits of early approval will be greater and uncertainty about its cost-effectiveness
and therefore the value of additional evidence will tend to be lower (e.g. from ‘OIR" to ‘Approve®
in Figure 1).© Similarly, AWR might be revised to approve if the benefits of early approval now
exceed the value of additional evidence (e.g. from AWR?" to ‘Approve? in Figure 1).4

Equally, provisional guidance to reject a technology that is not expected to be cost-effective might
be revised to OIR if the reduction in price is not sufficient to make it cost-effective but makes the
costs associated with a reject decision more uncertain and hence the value of research worthwhile
(e.g. from ‘Reject” to ‘OIR? in Figure 2).° If the reduction in price is greater and sufficient to
make the technology cost-effective, then guidance might be revised to AWR if research remains
worthwhile and possible with approval (e.g. from ‘Reject” or ‘OIR? in Figure 2 to AWR" in
Figure 1). Clearly, with an even greater reduction in price, it is possible that provisional guidance
to reject could be altered to early approval (e.g. Approve” in Figure 1). Even if research is not
possible with approval, a sufficient reduction in price could also lead to early approval (e.g. from
‘Reject” or ‘OIR? in Figure 2 to ‘Approve>** in Figure 1).!

Therefore, consideration of the effect of price changes on OIR and AWR is needed when assessing
the potential impact of patient access schemes and more direct price negotiation through
value-based pricing.®””-”° It should be noted that, all other things being equal, the presence of
significant irrecoverable costs will require greater reductions in effective price to achieve the same
revision to a more permissive category of guidance.

Threshold prices and value-based prices

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, that is, the maximum price that the NHS
can afford to pay without imposing negative health effects.®>* This single price describes the
threshold for approve/reject decisions and would be the relevant threshold price when (1)

OIR or AWR guidance is not available to the decision-maker or there is no uncertainty in
cost-effectiveness or (2) the research, if needed, can be conducted with approval and (3) there
are no irrecoverable costs. In all other circumstances there are a number of other threshold
(value-based) prices. The number and value of these thresholds depends on the characteristics of
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What assessments are needed?

the technology (the path through the algorithm); however, the threshold prices for approval will
always be lower than the single approve/reject price based on expected cost-effectiveness.

For example, for a technology (without significant irrecoverable costs) for which research could
be conducted without approval but not with it, there are two threshold prices: (1) the threshold
that would move guidance from reject to OIR and (2) the threshold that would move guidance
from OIR to approve. The latter will always be lower than the price that would move the same
technology from reject to approve if OIR was excluded from consideration. If a technology also
imposes significant irrecoverable costs then there may be more threshold prices. For example,
when research can be conducted with or without approval there are three thresholds: (1) reject
to OIR, (2) OIR to AWR and (3) AWR to approve. Again, (3) will be lower than the approve/
reject threshold for the same technology if AWR was excluded from consideration. All other
things being equal the presence of irrecoverable costs will tend to reduce the threshold price
for approval.

Even in circumstances in which price negotiation becomes possible alongside NICE appraisal, it
will be important to retain the OIR and AWR as available categories of guidance for two reasons.
First, there is no guarantee that manufacturers will always agree to the lower price threshold that
would lead to approval rather than OIR or AWR. Second, and possibly more importantly, there
may be many circumstances when there is no effective price reduction that would make approval
appropriate.t For example, reject or OIR guidance may still 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
These threshold prices represent the maximum effective price at launch to achieve a particular
category of guidance when the results of any subsequent research that might be undertaken
are not yet known. This is different to the type of flexible pricing agreements described in the
current Pharmaceutical Price Regulation Scheme (PPRS) in which price is revised once the
research reports and the results are known, with prices increasing if the evidence suggests that
benefits were originally underestimated and reducing if they were overestimated.® This means
that manufacturers retain an incentive to conduct further evaluative research if they believe that
there are additional benefits that could not be evidenced at launch. Publically funded evaluative
research, however, will still be required when these incentives are insufficient and especially
in those cases in which the original evidence is likely to have overestimated the benefits or
underestimated the potential for harm. However, it should be noted that linking effective prices
to the results of publically funded research means that the NHS will benefit (realise the value
of evidence) only if the results lead to a lower price or more restrictive guidance because the
technology is found not to be cost-effective (thus avoiding the losses associated with negative
NHEs). Manufacturers will, however, be able to appropriate the value of evidence if research
results suggest that NHEs were originally underestimated because prices will increase within
the flexible pricing scheme (or a value-based pricing scheme that might replace it). Even under
current arrangements this value can be appropriated when the technology is reappraised by NICE
(e.g. any patient access scheme could be withdrawn or less restrictive positive guidance issued).
Consideration of 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. As long as incentive-consistent contractual arrangements can be set in
place, that is, those that can be monitored and enforced with credible penalties, it should ensure
that any agreed research is conducted in the way intended. Alternatively, manufacturers might
be expected to make some contribution to the costs of publically funded research that may
ultimately benefit their product (see Chapter 5, Point 7: Are the benefits of approval greater than
the costs?).
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It is important that policy provides (or at least does not undermine) appropriate incentives for
manufacturers to conduct the type of research needed to support NICE guidance at launch. The
use of OIR and AWR guidance, as described in the algorithm, could provide clear signals and
incentives. For example, the threshold price for reject/OIR and reject/ AWR will be higher than
that for OIR/approve and AWR/approve. Guidance restricted to OIR also offers very limited
NHS volumes and revenue to manufacturers. This provides a strong 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 available and is sufficient at launch (e.g. relative effectiveness and subtle
but important differences in side-effect profiles). Therefore, a predictable OIR and AWR policy
signals what type of evidence is likely to be most important at an early stage.

The use of OIR and AWR, as described in the algorithm, offers manufacturers a choice to

(1) accept OIR and AWR guidance at a higher price, (2) reduce the effective price to achieve
approval, when that is possible or (3) conduct the evaluative research at an earlier stage so that
cost-effectiveness is not uncertain at launch. Other things being equal, those new technologies
that are supported during the NICE appraisal process by more, better-quality and relevant
evidence will be more likely to be approved (rather than receiving OIR or AWR guidance) and
at higher prices than those that are not, because additional evidence is less likely to be needed.
Therefore, greater consideration of OIR and AWR will tend to reward those manufacturers who
have invested in good-quality and relevant evidence with earlier approval of their technology.
In addition, the effect of price on OIR and AWR recommendations suggests that those
technologies supported by better evidence will tend to get approval at higher effective prices,
providing an incentive for manufacturers to invest in the type of evidence needed earlier in the
development process.

Assessing the prospects of research
When considering OIR or AWR guidance there must be some assessment of (1) the type of
research needed to address the key uncertainties, (2) whether or not this will be regarded as
ethical and can be undertaken while the technology is approved for use, (3) whether or not it is
likely to be a priority for public funding and be commissioned and (4) when it is likely to report.

Although the NICE appraisal process may be well suited to identifying the need for evidence
when assessing cost-effectiveness, these other critical assessments 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.>* Without sufficient co-ordination between these communities there is a danger
that OIR or AWR could be issued when the type of research required would not be regarded as
either ethical or feasible or of sufficient priority compared with other competing research needs
to be commissioned. Because publically funded research is also budget constrained, it is perfectly
possible that research that might be valuable from a wider NHS perspective might nevertheless
not be a priority if other more valuable research might be displaced. This might be a particular
concern if there is a possibility that the research could be undertaken by the manufacturer rather
than displacing other research without proprietary interest. Therefore, a decision of whether

OIR or AWR research should be undertaken by the manufacturer or through publically funded
research is one that NICE cannot properly take alone.

Although some judgement about how the research community might respond to OIR or AWR
recommendations when NICE is formulating guidance is clearly possible, more informed
judgements and better decisions might be possible through greater involvement of the research
community. For example, a Research Advisory Committee could be constituted that could
consider provisional OIR or AWR guidance, making recommendations during the consultation
period about the type of research needed and its ethics, feasibility and likely priority before final

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.



What assessments are needed?

appraisal and guidance. It might also make recommendations about whether research should be
publically funded or undertaken by the manufacturer with appropriate contractual arrangements.
There are of course many different ways in which greater co-ordination might be achieved.
However, because some of the assessments that NICE must make in formulating OIR or AWR
guidance are, in fact, research decisions that fall outside its remit, it would seem sensible to draw
on the expertise of those involved in, and responsible for, these types of research decisions to help
make these assessments.

Social value judgements and ethical principles"

This section clarifies and discusses ethical issues arising from OIR and AWR decisions. There are
some important preliminary points. First, the question considered here is whether or not OIR
and AWR recommendations are consistent with the values and principles that currently underpin
standard NICE practices.! It is not in the remit of this report to evaluate those underpinning
values and principles themselves. In particular, it is assumed here that the health budget is
necessarily limited; also that, generally speaking — and although also taking into account issues
of need and equity as discussed in the NICE values statements® — scarce health-care resources
ought to be broadly allocated so as to maximise health outcomes of the population as a whole
and hence that treatments that benefit one group of patients will be funded at an opportunity
cost to other patients. Given these assumptions, the emphasis in this discussion is on new ethical
challenges created by OIR and AWR decisions'' as distinct from issues shared with standard
NICE recommendations.

This section is in four parts: first, ethical issues raised by both OIR and AWR are discussed;
second, ethical issues raised specifically by OIR are addressed; third, ethical issues specific to
AWR are considered; and, finally, a summary of the ethical analysis is provided. It is important
to have a working definition of OIR and AWR. The defining characteristic of an OIR decision

is that a necessary condition of a patient receiving the treatment in question is that he or she
participates in the relevant research; typically, NICE recommends that the innovative treatment
is available under the NHS only as part of a RCT (although other types of research study might
be relevant). The defining characteristic of an AWR decision is that receipt of the new treatment
by patients is not conditional on their participation in the relevant research programme; typically,
NICE approves the treatment but stipulates that further evidence must be collected, for example
on long-term outcomes and adverse events, often in patient registries. This distinction between
OIR and AWR is not always clear-cut. For example, an AWR decision limiting coverage to

a subpopulation — members of a geographical region, say — whose access to the treatment is
explicitly conditional on their contributing to evidence development by submitting their health
information to a registry is, on the above definitions, more like an OIR than an AWR decision.
Nonetheless, the working definitions of OIR and AWR suggested here suffice for the purposes of
this ethical analysis.

Issues common to ‘only in research’ and ‘approval with research’

recommendations
Generally speaking, the benefit of attaching research conditions to NICE recommendations is
an improved evidence base for resource allocation decisions in the future. The beneficiaries of
the research are members of future populations who will profit from better informed allocation
decisions. But achieving this benefit can impose significant opportunity costs on current patients.
This is true for some OIR decisions and some AWR decisions.

To be clear about when a research condition does impose an opportunity cost on the present
population, and how significant this is, two issues need to be carefully considered. The first is
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what is meant by present and future populations. For the purposes of this discussion the present
population comprises people whose interests are directly affected by a NICE recommendation
(e.g. they receive an innovative treatment approved by NICE, or benefit from resources made
available because NICE rejects an innovative treatment). Future populations comprise people
whose interests are indirectly affected by decisions, in particular by the subsequent research
results that improve the evidence base for future NICE judgements. It is important to note

that on these definitions some people - specifically patients with a chronic condition who live
sufficiently long — will be members of both the present and the future populations. Thus, some
individuals in the present population may benefit from the research condition because they will
also be members of the future population. This will not be true of all, so the issue of balancing
the interests of some individuals in the present population against some individuals in the future
population remains.

The second issue is under what circumstances the present population is disadvantaged by the
research condition compared with the alternative recommendation that NICE might make.
This will depend both on what the alternative recommendation would be and on the level of
current evidence about cost-effectiveness for the intervention. Three general types of situation
might arise:

1. The evidence concerning the cost-effectiveness of a new treatment compared with standard
treatment is genuinely balanced such that the likelihood of a new treatment turning out
to be less cost-effective than standard treatment is the same as the likelihood of that new
treatment turning out to be more cost-effective than standard treatment. Under these
conditions it makes no difference to the present population whether a research-conditional
recommendation is made or not. Indeed it makes no difference whether the new intervention
is accepted or rejected. Future populations, however, will benefit from the research. Some
current patients will be members of both present and future populations and will therefore
benefit from research.

2. The balance of evidence as judged by NICE suggests that the new treatment is less cost-
effective than standard treatment but NICE wishes strongly to encourage further research,
hence it is considering a research-conditional recommendation. Assuming that NICE’s
judgements on this issue are generally better than chance then the present population is
disadvantaged by a research-conditional recommendation compared with rejection but
advantaged by a research-conditional recommendation compared with acceptance. Future
populations are always advantaged by effective research.

3. The balance of evidence is that the new treatment is more cost-effective than standard
treatment. In this situation the present population is disadvantaged by a research-conditional
recommendation compared with acceptance but advantaged by a research-conditional
recommendation compared with rejection. Again, future populations will be advantaged by
effective research.

There is currently little empirical evidence about whether or not NICE’s judgements about the
relative cost-effectiveness of two interventions, in situations (2) and (3) above, are better than
chance. If research-conditional recommendations are allowed then it will be important to collect
data to examine whether or not further research, on average, confirms NICE’s initial judgement
about expected cost-effectiveness. There is some evidence which suggests that relevant authorities
do accurately judge when evidence favours neither one intervention nor the other.** This provides
some grounds for expecting that when NICE judges that the evidence on cost-effectiveness
favours an intervention, such a judgement will be correct more often than it is false.

In summary, in judging whether or not it is right to make a research-conditional
recommendation there are four key issues to consider:
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1. What is the likely effect on the current population of a research-conditional recommendation
compared with whichever would be the alternative recommendation?

2. What is the likely benefit to the future population from the research?

3. What proportion of individuals in the present population is also likely to be in the
future population?

4. How should we weigh up the disadvantages to individuals in the present population in
relation to the advantages to individuals in the future population (some of whom will be in
the present population)?

The first three of these considerations are essentially empirical issues and NICE will have to make
judgements in the setting of uncertainty. The fourth issue is an ethical one. Do the interests of
members of the future population count? If so, how are they to be weighed against the interests of
members of the present population? Which set of interests should prevail?

One way of addressing this question is to consider how radical a departure from current NICE
values, principles and practices it would be to accord weight to the interests of future populations.
Arguably, doing so would not be much of a departure at all. For one thing, taking the interests

of future populations into account is consistent with fundamental NICE assumptions about how
to make allocation decisions. Specifically, NICE currently considers how the requirements of
maximising health gain, need, equity and so on are to be balanced against each other; in doing
so, NICE takes the identifiability of patients who benefit from an intervention to be irrelevant. So,
the fact that beneficiaries of putting a research condition on approval are unidentifiable because
they will exist only in the future does not seem to add anything to considerations that NICE
currently recognises and weighs. Similarly, some consideration of future populations is implicit
in standard NICE judgements. Consider, for example, new treatments for which evidence is poor
but, nonetheless, what evidence there is suggests that they are cost-effective. If NICE took only
the interests of the present population into account then these should be funded on the basis

of the poor but positive evidence. In fact, such innovations are often rejected to ensure that the
evidence attains the standard that NICE requires. The beneficiaries of this decision are not in the
present population; what NICE has in mind is future populations of patients who will benefit
from allocation decisions made on better evidence.

It would seem, then, that decisions that take into account the interests of future populations are
consistent with NICE’s values, principles and practices. Nonetheless, there are some issues that
require further thought. Although trading the interests of present and future populations coheres
with the general NICE framework, quite how these sets of interests should be weighted will be
important. Consider, for example, what might be called the ‘bird in the hand” argument. Suppose
that NICE is balancing the health benefit that will accrue from early approval against the value
of further evidence. That the latter is considered greater than the former has to be offset against
the fact that the former is more secure than the latter simply because one can be more confident
about events in the near future (in this case that patients will enjoy health benefits from early
approval) than about events in the further future (in this case that the research will report and
improve the evidence base for allocation decisions). At this point, the discussion of the ethics of
research-conditional judgements segues into practical considerations familiar from other sections
of this report, such as the likelihood of research being conducted.

Issues specific to ‘only in research’ recommendations
To tease out the ethical issues raised by OIR it will be useful to construct an illustrative case.
Suppose that NICE appraises a new treatment for which there is strong evidence of effectiveness
- that is, the innovation is known to be clinically superior to existing treatments — but there is
considerable uncertainty over its cost-effectiveness. Whether or not the new treatment would
prove to be cost-effective depends not only on how expensive it is but also on how much health
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benefit it would produce - that is, quantification of the health benefit - compared with standard
treatment. NICE might consider an OIR judgement in these circumstances to establish more
exactly the size of benefit that, in turn, is deemed necessary to establish cost-effectiveness. For
example, NICE could approve the new treatment only in the context of a RCT comprising two
trial arms, the innovative treatment arm and the standard treatment arm. Crucially, on this
decision, patients outside the trial, and participants randomly allocated to the standard arm of
the RCT, would be denied what is almost certainly the better treatment for their condition. This
scenario creates a number of important ethical issues.

Equipoise

A criterion established in research ethics for the legitimacy of carrying out a RCT is that there
is substantial uncertainty as to which of the treatments being compared - that is, an innovative
treatment and a standard treatment - is the more effective. This is sometimes known as the
principle of equipoise. The principle is meant to capture the intuition that no one - patient or
participant — should knowingly be offered less than the best treatment for their condition. OIR
decisions may be made when there is such substantial uncertainty. In such cases, the principle
is respected and ethical review of the relevant research poses only issues already considered as
standard by researchers and Research Ethics Committees (RECs). However, in the situation
envisaged here, NICE is considering recommending OIR when the intervention in question is
clearly superior to alternatives, but the degree of its superiority remains uncertain, and so its
cost-effectiveness is uncertain. Evidently, in this scenario researchers are not in equipoise about
the relative effectiveness of the two interventions. The substantial uncertainty relates to whether
the more effective, but more expensive, treatment produces sufficient extra benefit compared
with alternatives for it to be recommended by NICE, but it does not relate to whether it is more
effective. Is it permissible to flout the principle of equipoise concerning effectiveness and give an
OIR decision in such circumstances?

An intuitive response is that patients are harmed by an OIR decision that denies them the
best-known treatment for their condition in the interests of research. Theoretical support for

this intuition is provided by the well-known principle of maleficence: above all, do no harm.

But harm-based objections to OIR are inconclusive for two reasons. First, the concept of

harm is contested. The three main accounts define someone being harmed by contrast with,
respectively, (1) their state before the harm was perpetrated, (2) the state they could have been

in and (3) a minimum or baseline standard of well-being. When clinicians and patients are not
sufficiently uncertain about the effectiveness of the treatments being compared, patients denied

a better treatment by OIR are harmed according to the definition of harm based on (2) because
they are put in a worse state than was possible. But the patients are not harmed according to

the understanding of harm based on (1) and (3) because they will receive the standard NHS
treatment (i.e. the same treatment as patients who do not take part in the research, or the same
treatment as all NHS patients would have received had NICE rejected the treatment rather than
approved it as OIR). So, harm-based objections to OIR are as inconclusive as the current debate
on the definition of harm. Second, harm-based objections to OIR are question-begging, in the
following way. Suppose that there was a consensus on the nature of harm and, further, on the fact
that OIR without equipoise harms some patients. To conclude that this makes OIR impermissible
is to assume that the harm in question outweighs the benefits of research. But this is precisely
what is in dispute, namely, the relative values of the benefits of early approval and of further
research. Given NICE values, principles and practices, it is perfectly feasible to conclude that the
harm perpetrated by OIR is justified by the benefits to future patients of a better evidence base for
allocation decisions.

There are more fruitful lines of thought about OIR without equipoise. First, the principle of
equipoise itself is under considerable strain from pressures that have nothing to do with OIR
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and AWR. For example, it has been argued that it is permissible to trial less than the best-known
treatment for human immunodeficiency virus in developing countries unable to afford the most
effective interventions.® It is generally accepted that, as a result of such pressures, the principle

of equipoise needs to be refashioned. NICE can trade on this by asking, ‘About what must
researchers be uncertain?’. The traditional requirement is that researchers must be in equipoise
about the best-known treatment; but, NICE might argue, the really salient uncertainty is not
about effectiveness per se, but about the extent of effectiveness, and hence about the cost-
effectiveness. Because, in the scenario envisaged here, the OIR recommendation is made precisely
because of uncertainty about the extent of effectiveness, the refashioned principle of equipoise

is respected. This argument is part of a larger research ethics question about what is required in
terms of equipoise, so will not be addressed here. In the present context there is a more important
practical consideration to emphasise. A RCT required by OIR would have to be reviewed by a
REC. RECs are used to requiring traditional equipoise (i.e. substantial uncertainty about which

is the better treatment). So, if RECs are to approve research of the kind considered here, in which
researchers are not in equipoise as traditionally understood, they will have to be informed of, and
agree with, the rationale for conducting these distinctive studies.

Another way of looking at this issue is as follows. If NICE does not advise OIR then it must
advise either to approve or to not approve. If it advises not to approve, because although the
treatment is clinically the more effective it is judged not to be sufficiently effective to be cost-
effective, then no one receives this treatment on the NHS. Compared with that situation, an OIR
decision would benefit some patients and harm none. If NICE was to approve the treatment
then all patients for whom the treatment is relevant would benefit and, by comparison, an

OIR decision would harm some patients [on definition (2) above]. But other patients might be
unfairly harmed by the decision to approve because if, in fact, the treatment is not sufficiently
effective to be cost-effective the opportunity costs of providing the treatment outweigh the
benefits. And because the relevant research is not being carried out, it will remain unknown that
this is the case. In any event it would be problematic for a REC to refuse to sanction the type of
research we are considering once NICE had made an OIR decision because that condemns both
present and future populations to receive only the inferior treatment, whether or not the more
effective treatment is sufficiently effective.

Coercion

Another research ethics principle relevant to the sort of OIR decision under discussion is that
competent patients have the right to consent to participate in, and withdraw from, a research
project. This is akin to the competent patient’s right to consent to treatment, both rights being
underpinned by the principle of respect for individual autonomy. Conversely, it is impermissible
to coerce competent patients to participate in research. In OIR the patient can have the more
effective intervention on the NHS only if he or she agrees to be a research participant. Does this
coerce patients to participate in the trial?

Any research study involving care clinically superior to that available on the NHS provides

an incentive to enrol in that study. Whether or not such an incentive constitutes coercion
depends on whether or not the patient is being presented with a threat as opposed to an offer
to participate. Importantly, in the sort of OIR decisions under discussion, patients who do

not receive the new treatment — that is, patients not enrolled on the trial, and participants not
allocated to the new treatment arm - will receive standard NHS care. Arguably, then, the trial
provides an offer, namely, the chance of receiving better than standard treatment, as opposed
to any threat, and so does not constitute coercion. To clarify, suppose, by contrast, that patients
will be refused access to normal NHS care unless they agree to participate in the research; this
would present a threat as opposed to an offer to participate, and thereby constitute coercion. In
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sum, providing that standard research ethics requirements are met — principally, that prospective
participants are properly informed about, and give valid consent to participate in, the trial, and
that if they do not participate their access to standard NHS care will not be affected - the research
required by OIR is not coercive and respects the principle of individual autonomy because
patients retain the right to choose whether or not to accept the chance of better than standard
treatment offered by the trial.

Equity

A further ethical worry is that OIR decisions result in inequity because participants in one arm
of the trial receive better treatment than both those in the other arm and those not participating
in the research. It is important to distinguish two versions of this inequity charge. The first is that
it is always wrong to allocate health resources in ways that will lead to an unequal distribution

of health benefits. This version of the inequity worry is bound to founder in this context because
NICE’s values and principles, which are taken as granted here, entail that limited health resources
will and should be allocated to maximise benefit to the whole population, even at the expense of
subgroups within it. So, the fact that OIR results in an unequal distribution of health benefits can
be justified by NICE’s principles if the research will provide sufficiently valuable evidence.

A second version of this inequity worry is more involved. Under OIR, some patients will receive
the intervention (paid for by the NHS) and others will not, simply because the former happen
to be in a position to participate in the research. Many of the factors that determine access to
treatment through participation in research - such as geographical location, socioeconomic
status and patient characteristics — should not be considered relevant to whether patients

have access to the treatments being studied. This is a significant consideration but one that

can be overridden. Specifically, in deciding whether or not an OIR recommendation is

ethically acceptable, a judgement would need to be made whether or not the benefits of such a
recommendation outweigh the lack of equity (although, in fulfilling an OIR recommendation, it
would always be important to minimise such inequities).

Issues specific to ‘approval with research’ recommendations
‘Approval with research’ raises a problem about consent, which is related to the discussion of
coercion above. AWR also raises a further distinctive issue centring on the likelihood of the
research taking place.

Consent

Two established principles of medical ethics are that competent patients have a right to
confidentiality (including a right to decide whether or not to disclose their personal medical
information) and a right to informed consent to participate in research (including a right to
decline to participate in, or to decide to withdraw from, a study with impunity). It might be
argued that some AWR decisions transgress these rights because the required research may
involve collecting data on long-term outcomes and adverse events on patient registries (or some
similar system of epidemiological data collection) without the explicit consent of patients. This
argument is unsound. For one thing, in many cases a patient’s decision to have a treatment that
was approved with research may imply consent to the relevant data collection. Furthermore,
although it comprises personal medical information, the data collected will be anonymous,
ameliorating concerns about breaching confidentiality. Finally, this type of data collection that
may be required by an AWR decision is equivalent to current large-scale epidemiological research
studies that are considered ethically permissible. So, concerning consent, and on grounds

of consistency, AWR should be permitted as long as the research is conducted to the ethical
standards normally required of data collection of this sort.
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Incentivising research

A further ethical issue raised specifically by AWR recommendations involves the mechanisms
used to give ‘teeth’ to the research requirement: how will NICE ensure that the relevant research
is carried out? One option has a subtle ethical dimension. NICE might threaten that, if the
research is not satisfactorily completed (e.g. by the relevant manufacturing company), the
intervention would cease to be made available on the NHS. Although this would provide an
incentive for the manufacturer to carry out the research, it raises the following problem. At time
T(1), the AWR decision is made, that is, the intervention is funded by the NHS. Suppose that,

at time T(2) - the time when NICE reconsiders the decision to fund - the research has not been
carried out (or has failed to provide any further relevant information). At time T(2) NICE will be
making a decision on exactly the same information and evidence as at T(1). In this case it would
seem that NICE should make exactly the same decision, namely, to provide the intervention on
the NHS. But if NICE decides to reject the intervention (on the grounds, for example, that the
manufacturer had failed to carry out the relevant research) then patients could claim unfairness.
The unfairness is that they were provided with the treatment on the NHS between T(1) and T(2)
but not after T(2) even though the evidence is exactly the same in both situations.

This is a serious problem for AWR decisions but it is not essentially an ethical matter. Rather, it is
another point at which the ethical discussion segues into practical considerations familiar from
other sections of this report. Specifically, various problems will result from the research condition
put on an AWR decision not being met, and not just the ethical quandary outlined here. This
situation should be avoided by doing everything reasonable to ensure that the relevant research
will be conducted and reported. In fact, the risk that the ethical issue described here will arise if
the research condition is not met can be used to put further pressure on whoever is responsible
for conducting the research.

Summary of ethical analysis
Although they create numerous ethical challenges, OIR and AWR judgements are ethically
permissible given the values and principles that underpin standard NICE practices. Nonetheless,
this ethical analysis has identified some issues requiring further thought, which are highlighted in
this summary.

Futurity

The fact that OIR and AWR trade off the interests of present and future populations is justified
given current NICE values, principles and practices. Nonetheless, such decisions rely on research
in the future being conducted, reported and useful. Future events are less predictable the more
distant they are from the present and so the benefits of early approval are more secure than the
value of future research. This might justify approving clinically beneficial treatments even though
further research to determine their degree of effectiveness would be valuable.

Research Ethics Committees

‘Only in research’ decisions when clinicians and researchers would not be in equipoise about
the effectiveness (as opposed to the cost-effectiveness) of an intervention are consistent with
current NICE values, principles and practices, and further justified by the pressure brought on
the principle of equipoise from elsewhere. Nonetheless, RECs are used to requiring traditional
equipoise, that is, uncertainty about effectiveness. So, RECs may disallow trials required by an
OIR decision unless they are informed of, and agree with, the rationale for contravening the
traditional principle of equipoise.
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Informing participants

Participants in trials required by an OIR decision are not coerced. Nonetheless, patients are
strongly incentivised to participate by the prospect of being allocated to the new treatment arm
of a trial. Two things must be made very clear to prospective participants: that participation does
not guarantee that the new treatment will be received and that standard NHS care will be neither
denied nor compromised if a patient declines to participate in, or decides to withdraw from,

a study.

Unfair access to a trial

The inequity involved in an OIR decision is justifiable given current NICE values, principles
and practices. Criteria for access to the treatment trial have to be established. Nonetheless,
thought should be given to how to minimise unfairness. For example, if geographical location
is a criterion of access, over-representation of certain regions at the expense of others should

be avoided.

Registries

Evidence development required by AWR may involve a health data registry. These evidence
development mechanisms should comply with standard epidemiological research ethics
practices. For example, explicit consent to provide data should be collected whenever this is
feasible, data collection and storage should comply with current data protection legislation and
data should be anonymous.

Incentivising research

There is an important practical question as to whether or not an AWR research requirement
will be met. One option is to incentivise researchers by threatening to withdraw approval if the
research fails to report. This has a subtle ethical dimension: to carry out the threat would be
unfair on future patients because the evidence base has not changed since the original AWR
judgement. This is a form of inequity that strengthens the requirement to ensure that research
conditions on decisions to approve treatments are met.
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Chapter 4

A review of ‘only in research’/‘approval
with research’ recommendations in NICE
technology appraisal guidance

Introduction

The National Institute for Health and Clinical Excellence issues technology appraisal guidance
on the use of new and existing health technologies in the NHS. The recommendations

are formulated by independent Appraisal Committees following a review of evidence and
submissions from interested parties on the technology of interest. Since its inception, NICE

has occasionally issued guidance that includes recommendations for further research as an
alternative to binary ‘accept’ or ‘reject’ decisions. Previous studies that have considered the use
of NICE research recommendations have tended to focus on the OIR-type recommendations.’
It remains unclear whether the remit of NICE includes provision for issuing guidance in which
approval is conditional on research being conducted (AWR). For example, NICE has no specific
budget for research funding to accompany its recommendations to the NHS. In addition, the
organisations that are responsible for implementing NICE guidance also do not have dedicated
funding for NICE-recommended research. Nevertheless, AWR-type recommendations appear to
have been issued by NICE in the past.

The National Institute for Health and Clinical Excellence provides its committees with general
guidance on the health technology assessment methodologies and social value judgements it
considers to be most appropriate for the formulation of NICE guidance."® These documents
refer to the possibility of issuing recommendations in the context of research. The document
describing the social value judgements that NICE expects its Advisory Committees to consider
phrases the possibility of issuing research recommendations quite broadly in a way that could
capture both OIR- and AWR-type recommendations: ‘NICE’s advisory bodies may recommend
the use of the intervention within a research programme if this will provide more information
about its effectiveness, safety or cost’® However, the Guide to the Methods of Technology Appraisal
refers more specifically to OIR-type recommendations and states that ‘the Appraisal Committee
may recommend that particular interventions are used within the NHS only in the context of
research’’ Also, NICE has recently categorised its guidance into four groups (recommended,
optimised, only in research and not recommended) and does not include an AWR category.

In its guidance to Advisory Committees, NICE specifies four issues that should be considered
when recommending further research within the guidance. These are (1) whether or not the
intervention is reasonably likely to benefit patients and the public, (2) how easily the research can
be set up or whether it is already planned or in progress, (3) how likely the research is to provide
further evidence and (4) whether or not the research is good value for money.! However, it is not
clear to what extent these criteria have been considered in the formulation of NICE guidance. In
addition, there is no guidance on when NICE advisory bodies should consider recommending
research rather than ‘accept’ or ‘reject’ decisions.
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A review of ‘only in research’/‘approval with research’ recommendations in NICE technology appraisal guidance

The main aim of this review was to identify where OIR/AWR recommendations were made
or considered in the development of NICE guidance. Secondary aims were to identify

the considerations that led to the recommendations for further research and to assess the
implementation of the OIR/AWR recommendations based on reviews of published guidance.

Methods

Inclusion and exclusion criteria
All NICE technology appraisal draft and final guidance up to January 2010 was considered for
inclusion in the review. NICE guidance documents are published in a standardised format,
with the guidance to the NHS presented in section 1. The rest of the document provides
an overview of the evidence (sections 2 and 3), an explanation of how the evidence was
interpreted by the committee (section 4), additional information to assist the implementation
of the guidance (section 5) and a list of recommended related research (section 6). The
research recommendations in section 6 do not form part of the formal guidance to the NHS.
The committee’s final recommendations [Final Appraisal Determinations (FADs)] are made
publicly available and can be appealed by specific stakeholders before becoming final guidance
to the NHS. In 2002 the NICE process was amended to also publish draft guidance [Appraisal
Consultation Documents (ACDs)] for public consultation. This review included both final
published guidance and draft guidance. In some cases multiple ACDs or FADs were issued by
NICE when guidance changed following consultation; in these cases all ACDs and FADs, along
with the final guidance, were reviewed.

The criterion for inclusion was guidance from the Technology Appraisal Programme that
recommends research, or refers to ongoing or planned research, in the guidance section of the
documents. The research recommendations could be framed either as OIR or AWR based on the
following definitions for this review:

m  OIR - a recommendation which states in the guidance section that the technology should
not be used routinely unless it is in the context of further research

®  AWR - a recommendation which states in the guidance section that the technology should
be used routinely and which recommends further research is conducted.

Only documents that have been made publicly available are included [specifically, ACDs

for Technology Appraisals (TAs) TA1-43, except TA32, were not made publicly available].
Documents that have been publicly released but later removed from the NICE website are
included in the review (e.g. guidance that has been replaced by a subsequent review) and have
been obtained directly from NICE where appropriate. Draft recommendations that request
further clarification or analysis from the sponsor of the technology (sometimes referred to as
‘minded no’ recommendations in the STA process) are excluded as they usually require the
reanalysis of existing data rather than additional data collection. The documents containing
OIR/AWR recommendations were cross-checked with a list of appraisals including OIR
recommendations complied by NICE to check for potential omissions (Sarah Garner, Associate
Director of Research and Development, 4 March 2010, personal communication).

Data extraction and analysis
Data from each draft and final guidance document that included OIR and/or AWR
recommendations were extracted using a template developed for the project (see Appendix 3).
The template was developed following the review of the literature described in Chapter 2, and
iteratively alongside the development of the framework described in Chapter 3. Data extracted
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included information on the appraisal process, information on the technology, reported and
accepted incremental cost-effectiveness ratios (ICERs) and the reasons for including an OIR or
AWR recommendation in the guidance.

Data were extracted by one reviewer (JY) and a sample cross-checked by another reviewer (LL).
The data were analysed to identify common characteristics of appraisals that included OIR and/
or AWR recommendations. When OIR/AWR recommendations changed between draft and final
guidance, explanations for the change were reviewed and assessed. In addition, the extracted
data were analysed to assess the extent to which the assessments proposed in the framework

in Chapter 3 were evident in informing the OIR/AWR recommendation in the draft or final
guidance. Specifically, the following assessments were considered:

significant irrecoverable costs

cost-effectiveness of the technologies

need for further research and the type of evidence requested
possibility of conducting research with and without approval
impact of price on the considerations

resolution of uncertainties over time

relative costs and benefits of research

other considerations.

Significant irrecoverable costs

The guidance was reviewed for consideration of significant irrecoverable costs and explanations
of their impact on the recommendations. It became clear early on that there would be little

or no mention of these costs in the guidance, therefore an additional step was taken to assess
whether or not the technologies were likely to incur irrecoverable costs. A possible indication

of whether or not a technology has irrecoverable costs is if the directive to make NHS funding
available for the treatment has been extended. Usually the directive is for funding to be available
within 3 months of guidance being issued; however, this period can be extended if there are
issues relating to implementation (e.g. a need to amend the NHS infrastructure or a need for
significant training of staff to deliver the technology). The OIR/AWR guidance was cross-checked
against the appraisals that have received extensions to the 3-month directive, and associated
documents from the Department of Health website were reviewed for information on the reason
for the extension.

Cost-effectiveness of the technologies

The NICE Guide to the Methods of Technology Appraisal® states that all appraisals should include
an assessment of cost-effectiveness as a standard part of the NICE appraisal process. ICERs
reported as considered most plausible by the committee and ICERs reported by the Evidence
Review Group (ERG) or Assessment Group (AG) were extracted and classified according to

the NICE threshold range for cost-effectiveness: <£20,000; £20,000-30,000 and > £30,000 per
additional QALY gained.! In addition, consideration was given to whether or not reference was
made to if the committee considered the technology to be a cost-effective use of NHS resources.

Need for further research and the type of evidence requested

The reasons for OIR/AWR recommendations and the type of evidence requested were reviewed
from the ‘Committee’s Considerations’ section in the guidance documents. Potential reasons
for inclusion of OIR/AWR recommendations were identified at the outset after reviewing

the preliminary findings of the systematic review and the draft framework for assessment.

The following categories for which a need for further evidence was considered necessary

were included:
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m  clinical effectiveness:
- relative clinical effectiveness
~ data on the natural history/progression of disease
- long-term data
- relative clinical effectiveness for the OIR/AWR population
- adverse effects
- data to substantiate mechanism of treatment action
m  cost-effectiveness:
—  to resolve uncertainty in cost-effectiveness estimates
- cost-effectiveness data with an appropriate comparator
- quality-of-life data
- cost data
m other uncertainties:
- budget impact
- investment and irreversible costs
- potential impact on ongoing research.

Possibility of conducting research with and without approval

The data were reviewed for reference to the possibility of conducting research and the potential
impact of the recommendations on ongoing or future research. In addition, the type of research
design requested (experimental or observational) was recorded. Although an imperfect proxy,
this can give an indication of the possibility of conducting research because, as discussed in
Chapter 3, it may be more difficult to obtain data on relative effectiveness if a technology has
already been recommended for routine use as patients or their clinicians may be unwilling to
participate in randomised trials that include the previous (‘old’) standard care.

Impact of price on the considerations

Standard NICE technology appraisal methodology is to consider the list price of technologies
[e.g. as reported in the British National Formulary (BNF) for drugs] but not to take account of
possible future price changes or local discounts.! However, national discounts such as those
offered through patient access schemes may be considered.®® The aim of these schemes is to
‘improve the cost effectiveness of a medicine and therefore allow NICE to recommend treatments
it would otherwise have found too costly. Manufacturers may formally offer a reduction in the
price of the technology to the NHS or may offer other schemes that reduce the overall cost of

the technology to the NHS (e.g. by providing some courses of treatment at no cost). Although

a formal process for patient access schemes was introduced in 2009, ‘access’ or ‘risk-sharing’
schemes have previously been adopted, for example the Department of Health risk-sharing
scheme for beta-interferon.” However, unlike the multiple sclerosis scheme, data collection is not
necessarily required for NICE patient access schemes, which can take many different forms (e.g.
a simple reduction in price). Information on patient access schemes for OIR/AWR guidance was
collected as part of the review.

Resolution of uncertainties over time

References to possible changes over time that could resolve the key uncertainties identified
by the committee were sought from the guidance documents as well as the impact of these
considerations on the guidance.

Relative costs and benefits of research

Reference in the guidance documents to consideration of the relative costs and benefits
of research were sought. This could include formal value of information-type analyses or
qualitative assessments.
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Review of implementation of the ‘only in research’/‘approval with research’

recommendations
Each piece of NICE guidance is considered for review at a specified length of time after
publication (usually 3 years). To examine the impact of OIR/AWR recommendations on
evidence collection and future guidance we considered guidance that included OIR/AWR
recommendations and that had been updated by NICE. The documents were examined
for changes in the evidence base available between original appraisal and review that were
considered by the committee, and for changes to the decisions reflected in the guidance.

Results

Use of ‘only in research’ and ‘approval with research’ recommendations in

NICE technology appraisal guidance
Of the 184 appraisals conducted up to January 2010, 40 included OIR/AWR recommendations
in the draft and/or final guidance. In total, 29 FADs and 31 ACDs were issued relating to these
40 appraisals and which included OIR/AWR recommendations. Multiple ACDs were released
for some appraisals; the 31 ACDs with OIR/AWR recommendations arise from 25 appraisals.
All of the 29 FADs relate to the final guidance to the NHS (i.e. there were no changes to the
recommendations between publication of the FAD and it becoming guidance). Table 2 shows the
frequency of OIR and AWR recommendations in the guidance documents. A list of all appraisals
including OIR and AWR recommendations is provided in Appendix 3.

The research recommendations in the guidance most commonly took the form of OIR guidance.
The terminology used in the OIR guidance differed between appraisals. Some guidance

was specific about the type of research recommended whereas other guidance was much

more general. For example, TA5* on the introduction of liquid-based cytology for cervical
cancer screening is very specific in the research it recommends; it includes a whole host of
recommendations and refers to ‘a programme of pilot implementation projects’ that should
evaluate a range of impacts including ‘the effect on test results, ‘the extent to which productivity
improvements in cytology laboratories are realised in routine practice’ and ‘the impact in the
primary care setting’ However, the guidance for a subgroup of patients in TA163% simply

states that ‘infliximab should only be used for the treatment of acute exacerbations of active
ulcerative colitis in clinical trials’ It could be inferred that the more specific recommendations
are recommending the research in a more positive way, whereas some of the more general
recommendations could be seen to be akin to a diluted reject decision sometimes referred to

as a ‘polite no. Some guidance also refers to research ongoing at the time that the guidance was
published. For example, TA8% on hearing aids states that “There is insufficient robust scientific
evidence to support the nationwide introduction of digital hearing aids at present. Evidence
regarding the benefits of digital devices as compared with the current NHS range and to more
sophisticated analogue devices, is expected to be available after the completion of research
projects currently being undertaken in the UK’

TABLE 2 Frequency of OIR/AWR recommendations in NICE guidance

Recommendation Draft guidance Final guidance
OIR 26 25
AWR 5 4
Total 31 29
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Despite not being a formal category of guidance used by NICE, a handful of appraisals took

the form of AWR guidance, that is, they recommended the technology but also recommended
further research in the guidance section. One example of an AWR recommendation in final
guidance comes from TA113% on the use of inhaled insulin. The guidance section recommends
the use of inhaled insulin for a specific subgroup of patients and also includes the statement that
‘Data on the use of inhaled insulin according to this guidance should be collected as part of a
coordinated prospective observational study. Another example of AWR guidance included very
specific recommendations for further research. TA36” on treatments for rheumatoid arthritis
recommended within the guidance that ‘All clinicians prescribing etanercept or infliximab
should (with the patient’s consent) register the patient with the Biologics Registry established by
the British Society for Rheumatology (BSR) and forward information on dosage, outcome and
toxicity on a 6-monthly basis’

Changes to the inclusion or exclusion of OIR/AWR recommendations between draft and final
guidance were more common than suggested by the summary numbers in Table 2. Eleven
appraisals included OIR/AWR recommendations in the draft guidance but not in the final
guidance. Three appraisals included OIR/AWR recommendations in the final guidance but not in
the draft guidance (ACDs were unavailable for a further 12 appraisals). The reported issues that
led to the changes are explored further later in this chapter.

Most pieces of NICE guidance included several recommendations. These related to multiple
technologies, multiple indications or different settings for the use of the technology. Over half of
the OIR/AWR recommendations specified the need for further research in specified subgroups of
patients (52% of OIR/AWR recommendations in final guidance documents). In approximately a
quarter of cases, the OIR/AWR recommendations targeted a subset of the technologies included
in the appraisal.

Table 3 shows the frequency of OIR/AWR recommendations by year since the beginning of the
Technology Appraisal Programme, and the total number of final OIR/AWR recommendations
as a proportion of the total number of pieces of final guidance that year. Sixteen per cent of all
final guidance included an OIR/AWR recommendation. It appears that OIR/AWR guidance
has been issued less frequently over the last few years. No final guidance included OIR/

AWR recommendations in 2007, which is also the year that the STA process was introduced.
Differences in the frequency of OIR/AWR recommendations were observed between the two
NICE appraisal processes. Of appraisals issued through the multiple technology appraisal (MTA)
process, OIR or AWR recommendations were included in draft guidance of 23 appraisals and
final guidance of 28 appraisals. These 28 appraisals account for 19% of all final guidance issued
within the MTA process. In the STA process only two ACDs and one piece of final guidance
contained OIR/AWR recommendations. This accounts for just 2% of all final guidance issued
through the STA process up to the time that the review was conducted.

The data were examined for differences in the use of OIR/AWR recommendations according to
general disease area and the type of technology under appraisal. In absolute terms OIR/AWR
recommendations were more common for cancer treatments (1 = 10), accounting for over a
third of all of the OIR/AWR recommendations in final guidance, followed by musculoskeletal
conditions (n="7), which accounted for almost a quarter of cases identified (Table 4). However,
NICE has appraised a large number of treatments for cancer: 28% of all published appraisals
over the review period. Only 7% of all NICE technology appraisal guidance has related to
musculoskeletal conditions and so it appears that a disproportionate amount of this guidance has
included OIR/AWR recommendations compared with appraisals for other conditions.
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TABLE 3 Numbers of OIR/AWR recommendations by year of publication

Draft guidance Final guidance Total no. % of final

of pieces guidance including
of final an OIR/AWR

Publication year  OIR AWR Total OIR AWR Total guidance recommendation

2000 N/A N/A N/A 6 0 6 17 35

2001 N/A N/A N/A 2 0 2 14 14

2002 4 2 6 3 3 6 23 26

2003 3 0 3 4 0 4 19 21

2004 2 0 2 1 0 1 13 8

2005 6 1 7 3 0 3 7 43

2006 5 1 6 3 1 4 19 21

2007 2 1 3 0 0 0 21 0

2008 4 0 4 2 0 2 32 6

2009 0 0 0 1 0 1 19

Total 26 5 31 25 4 29 184 16

N/A, not available.

TABLE 4 Use of OIR/AWR recommendations by therapeutic area

Disease area Draft guidance, n Final guidance, n
Musculoskeletal 6 7
Cancer 8 10
Mental health and behavioural conditions 3 3
Eye 1 1
Ear and nose 1 1
Infectious diseases 1 1
Mouth and dental 0 1
Urogenital 0 1
Endocrine, nutritional and metabolic 2 1
Digestive system 1 1
Cardiovascular/central nervous system 2 2
Total 25 29

Just over half of the final guidance with OIR/AWR recommendations related to the appraisal of
drugs (n=16; 55%). However, taking into account the total number of pieces of drug guidance
published, the use of OIR/AWR appears to be on average less common for drug appraisals: 11%
of all drug appraisals within the period contained OIR/AWR compared with 47% of all guidance
on therapeutic or surgical procedures and 27% of all guidance on devices.

Consideration of irrecoverable costs

© Queen’s Printer

Investment and irrecoverable costs were not explicitly quantified in any of the guidance
documents and there were no documented considerations relating to these costs in the OIR/
AWR guidance. This suggests either that the technologies reviewed by NICE do not have
significant irrecoverable costs or that such costs do not explicitly influence decision-making.
Three of the technology appraisals that included OIR/AWR guidance (TA60,” TA68,** TA97%)
had their funding direction extended and, although the rationale for this is not explicit on the
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Department of Health website, the characteristics of the technologies suggest that it could be due,
at least in part, to a need for significant additional training for staff. In addition, one appraisal
explicitly noted some concerns around training although this was not directly cited as a reason
for issuing the OIR guidance. TA51% (an earlier version of TA97%) on computerised cognitive
behavioural therapy (CCBT) stated that ‘Further information is required about the extent of
training needed and circumstances under which different staft could provide support for users

of CCBT’ Thus, it would appear that some of the technologies considered in the Technology
Appraisal Programme are associated with significant irrecoverable costs even if these have not
previously been explicitly incorporated into the decision-making process.

Cost-effectiveness of technologies
As expected given the NICE process, all OIR/AWR appraisals included a consideration of the
cost-effectiveness of the technologies. Most of the guidance documents reported several different
estimates of incremental cost-effectiveness based on analyses submitted by different stakeholders
relating to different uses of the technology or based on different sets of assumptions or evidence.
However, a formal assessment of cost-effectiveness was not always conducted or reported in the
ACD or FAD for the use of the technology specified in the OIR/AWR recommendation. Table 5
shows the ICERs (incremental cost per QALY gained) for the overall population and for the
specific OIR/AWR indication where this differs. The table distinguishes between the base-case
estimates of the ICER submitted by the AG/ERG in their original analysis and the estimate of
the ICER considered most plausible by the Appraisal Committee following appraisal of all of the
evidence submitted to NICE and noted in the guidance documents.

Most documents did not cite the ICER considered by the Appraisal Committee to be most
realistic. The ERG/AG estimates were more frequently reported and it is likely that they were
available in supporting documents and were not directly referred to in the ACD or FAD. ICERs
for technologies with OIR/AWR recommendations were frequently >£30,000 (the upper bound
of the NICE threshold range). The ‘other’ category includes ICERs that were reported using
non-QALY-based outcome metrics and ICERs presented as a range that could not be classified
into the categories. For example, TA5®* on the use of liquid-based cytology reported ICERs of
£1100 and £2500 per life-year gained depending on the length of the screening interval. When
ICERs were not directly reported, there was usually an indication of whether the technology was
considered to be cost-effective. For example, TA65 states that “The clinical and cost effectiveness
of rituximab in patients with localised disease has not been established’ and TA44% states that
‘Appraisal Committee believed that metal on metal hip resurfacing arthroplasty was likely to be of
similar cost effectiveness to conventional total hip replacements in people who were expected to
outlive the device’

Table 6 shows the numbers of technologies stated to be cost-effective when used in the context
of the OIR/AWR recommendation according to the final guidance document. In most cases an
OIR recommendation was issued and the technology was on average not cost-effective. There
were two examples of an OIR recommendation being used when the technology was probably
cost-effective based on the accepted analyses. Both of these appraisals (TA5* on liquid-based
cytology and TA51° on CCBT) requested that pilot implementation programmes be undertaken
before routine introduction of the technologies in the NHS. The technology was considered likely
to be cost-effective in three of the four cases in which an AWR recommendation was issued.

In the remaining appraisal including an AWR recommendation [TA36°2 - etanercept (Enbrel®,
Wyeth) and infliximab (Remicade®, Schering-Plough) for rheumatoid arthritis], the ICERs were
£27,000-35,000, close to, or above, the upper end of the cost-effectiveness threshold range.
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TABLE 5 Number (%) of OIR/AWR recommendations by category of incremental cost-effectiveness

OIR/AWR indication Total population
Incremental cost per Committee’s preferred Committee’s preferred
QALY estimate AG/ERG’s estimate estimate AG/ERG’s estimate
Not reported 30 (68) 22 (50) 23 (52) 10 (23)
Dominates 0 1) 0 12
ICER <£20,000 0 2 (5) 12 4(9)
ICER £20,000-30,000 49 12 5(11) 3@
ICER >£30,000 9 (20) 15 (34) 12 (27) 22 (50)
Dominated 0 2 (5) 0 1)
Other 1(2) 1(2) 37 37
Total? 44 (100) 44 (100) 44 (100) 44 (100)

a Total from 40 appraisals with OIR/AWR recommendations (29 FADs and 11 ACDs). Two appraisals reported ICERs separately for two technologies
with OIR/AWR recommendations and one reported ICERs separately for three technologies.

TABLE 6 Type of recommendation and conclusion regarding cost-effectiveness (in FADs only)

Cost-effectiveness OIR, n AWR, n Total, n
Considered cost-effective 2 3 5
Not considered cost-effective 23 1 24
Total 25 4 29

Need for further evidence and type of evidence requested
The rationales for issuing the OIR/AWR recommendations as stated in the guidance documents
are summarised in Table 7 (note that multiple reasons were cited in some cases). Three of the four
appraisals that did not provide a rationale were issued before the committee’s considerations were
routinely described in the documents. The OIR recommendation in the other appraisal (TA75%
on hepatitis C) related to three specific subgroups of patients; two subgroups were not referred to
in the committee’s considerations at all and no evidence was noted for the third subgroup.

A need for further evidence on the relative effectiveness of the intervention in the overall
population or the OIR/AWR subgroup was the most commonly cited reason for issuing the
OIR/AWR recommendation. A need for longer-term data was also frequently cited. Uncertainty
in the cost-effectiveness estimates was also a common consideration; however, in all cases this
was coupled with a need for further clinical evidence. Concern about the budget impact of
introducing the technology, investment and reversal costs and the potential impact on ongoing
research did not lead to the OIR/AWR recommendation in any of the appraisals.

In some appraisals the stated rationale for the OIR/AWR recommendation changed between draft
and final guidance. For example, the use of infliximab for the treatment of acute exacerbations

of ulcerative colitis (TA163%) was recommended OIR in both the ACD and the FAD. However,
the final guidance cited only poor relative effectiveness evidence as a rationale for the OIR
recommendation whereas the draft guidance also cited a need for other types of evidence such as
information on adverse effects and cost-effectiveness data.

Possibility of conducting research with and without approval
No appraisals cited a concern for the impact of recommendations on ongoing trials as a direct
rationale for the OIR/AWR guidance. In addition, the possibility of conducting research
was not explicitly noted in most appraisals. Decision-makers may be more likely to use OIR
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TABLE 7 Reasons for including research recommendations within the guidance

Reason for requesting further research Draft guidance, n Final guidance, n
None stated 1 4

Clinical effectiveness

Need for more evidence on relative effectiveness in the whole population 19 16

Need for data on relative effectiveness in the target OIR population 15 9

Need for longer-term data 13 7

Need for information on adverse effects 6 4

Need for data on natural history/progression of disease 2 0

Need further evidence to support mechanism of treatment action 4 3

Cost-effectiveness

Uncertainty in cost-effectiveness estimates 13
Need for cost-effectiveness data with an appropriate comparator

Need for more data on quality-of-life impact

Need for more data on costs 1

— w N o

Other uncertainties

Budget impact 0
Investment and reversal costs 0
Potential impact on ongoing research 0

TABLE 8 Type of research recommended

Type of research Draft guidance, n (%) Final guidance, n (%)

Experimental 21 (68) 14 (48)
Observational 5(16) 7 (24)
Unclear (or both) 5(16) 8 (28)
Total 31 (100) 29 (100)

recommendations than AWR when data on relative effectiveness are required. A lack of sufficient
evidence on relative effectiveness was cited in 19 pieces of final guidance identified in the review
and most of these included OIR recommendations (i.e. including those that stated a need for
more evidence on relative effectiveness for the whole population or for evidence on relative
effectiveness for the target OIR population in Table 7). The exception to this was TA113%
(inhaled insulin), which included an AWR recommendation for a highly selective subgroup of
patients, and which noted the committee consideration that data on relative effect would be most
appropriately collected through a disease register.

Experimental research designs, such as RCTs, were more frequently referred to, and were slightly
more common in draft guidance (Table 8). Two appraisals cited a need for further evidence on
relative effectiveness in the final guidance but recommended observational studies because of
anticipated difficulties in conducting RCTs in the specific OIR patient population (TA37') or
indication (TA167'"). There were changes in the recommended type of research between draft
and final guidance, which were mainly due to changes in the target OIR/AWR population (e.g.
TA68) or changes to be less specific about the research design (e.g. TA89'%?).
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Overall, reference to the likelihood of research being conducted was rare in the guidance
documents. However, there was one notable exception in which the likelihood of further
research being conducted led to a change in the guidance: the ACD for TA129' stated that
bortezomib monotherapy was not recommended except for use in well-designed clinical studies;
however, this recommendation was removed in the FAD, which noted that no further studies of
bortezomib were planned and highlighted a difficulty of conducting further research in the group
of patients to which the guidance related (this guidance was later further amended following the
offer of a patient access scheme).

The impact of price on ‘only in research’/‘approval with research’

recommendations
Price changes or discounts featured in two of the appraisals including OIR/AWR
recommendations. A patient access scheme was incorporated into TA129'* and the guidance
changed from reject to approval. This appraisal had previously included an OIR recommendation
in draft guidance but was changed to reject prior to the offer of the access scheme as described in
the previous section. In the second appraisal, an OIR recommendation was revised to approval
after the committee revised their estimates of cost-effectiveness based on discounted prices of
the technology along with further information on quality-of-life improvements (TA166'** on
cochlear implants).

Other considerations
Considerations around whether uncertainties in the evidence base would resolve over time were
not explicitly mentioned as reasons for issuing OIR or AWR recommendations. In addition,
the relative costs and benefits of conducting research were not reported as considerations of the
committee when formulating its research recommendations.

Review of implementation of the ‘only in research’/‘approval with research’
recommendations
Among the appraisals with OIR/AWR recommendations in the final guidance, 10 were later
reviewed by NICE, including two that were incorporated into NICE clinical guidelines. Table 9
provides details of the appraisals and whether or not additional evidence was provided and the
change to the OTR/AWR recommendation (new evidence for other recommendations included
within the guidance is not noted in the table).

In the majority of reviewed appraisals (n="7), new evidence informing the OIR/AWR
recommendation was available for the review. In four of these reviews, the OIR or AWR
restriction was removed and the technology was recommended routinely. In two cases the
additional evidence was considered insufficient to warrant a change in the OIR recommendation.
In the remaining appraisal the OIR was revised so that some technologies within the class

were recommended routinely whereas OIR recommendations were issued for others (TA51%

on CCBT). In all cases the changes in the guidance were owing to the new data relating to the
evidence gap identified in the OIR/AWR recommendation.

In three cases no new evidence was provided on the OIR/AWR indication. For the review of
TA6,'” no new RCT data were available for the OIR recommendation, which was made more
restrictive in the review guidance. New evidence on clinical effectiveness was not available for the
review of TA33,' but further information on adverse effects was provided. This was considered
inadequate and no change was made to the OIR recommendation. The OIR recommendation was
removed from the review of TA37'® despite a lack of new evidence presented. The documents
state that the reasons for this were a reduction in demand for the drug in this setting (it had since
become licensed and NICE approved for treatment of an earlier stage of disease) and concerns
about the feasibility of future data collection.
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TABLE 9 Details of appraisals that underwent review

Original  Review Additional evidence provided for the OIR/AWR indication =~ Summary of change to OIR/AWR guidance
TAG® TAG9'0 New evidence available. Pilot implementation programmes OIR removed: technology recommended
were requested in the OIR. A Scottish implementation study
and other evidence became available

TAG% TA30'%® No additional evidence presented OIR amended: TA30'% includes an OIR
recommendation for a more restricted indication

TA16®  TA89'® Updated RCT data and new non-RCT evidence OIR unchanged (some amendments to types of
evidence required)

TA1770 TA105™ New evidence (RCTs) available OIR removed: technology recommended

TA30'%®  CG81'™? New evidence (RCT and registry data) available OIR removed: CG81'"2 did not include the OIR
indication in the scope of the guideline

TA331%6  TAQ3'3 No new RCTs but updated adverse effect data OIR unchanged

TA36%  TA130™* New RCT and registry data available AWR removed: technology recommended. A new OIR

(only in ACD) for another use of the drugs in ACD, but this was

removed in the FAD (no guidance provided for this
use of the drugs)

TA371%  TA137'® No new evidence presented OIR removed: technology recommended

TA51%  TAQ7% New evidence (RCT and non-RCT) available OIR amended: original OIR was for CCBT as a class;
amended OIR was for specific CCBT packages

TA72"6  CG79" New evidence (RCTs) available OIR unchanged

Conclusions

The National Institute for Health and Clinical Excellence has issued OIR/AWR recommendations
in 16% of its published technology appraisal guidance. These recommendations have most
frequently taken the form of OIR recommendations. OIR recommendations have mainly been
issued for technologies considered not to be cost-effective by the Appraisal Committee; however,
there has been occasional use of OIR for technologies for which the best available evidence
suggests that they may be cost-effective: liquid-based cytology for cervical cancer screening

and CCBT. In both of these cases, the implementation of routine use of the technologies in the
NHS could have required fairly substantial infrastructure or training requirements and possibly
significant irreversible costs. In addition, in both cases the recommended research referred to
‘pilot implementation projects. Changes in the evidence base of reviewed appraisals show some
limited success in the conduct of research recommended in OIR/AWR guidance; however, it is
unclear if the research can be directly attributable to the NICE recommendations.

The most common reason cited for the OIR/AWR recommendations was the need for further
evidence on relative effectiveness. Although uncertainty over the cost-effectiveness of the OIR/
AWR technologies was cited in several appraisals, this was always accompanied by concern about
the uncertainty around the clinical effectiveness. Some of the assessments recommended in the
proposed framework do not appear to be currently considered when formulating guidance.
Consequently it is not possible to categorise the recommendations into the 35 possible decision
pathways described in Chapter 3. The lack of explicit consideration given to irrecoverable costs
when formulating OIR/AWR guidance is notable. It seems unlikely that such costs do not occur
in the provision of the technologies considered by NICE, particularly given that the introduction
of some of the technologies has required changes to the existing provision of NHS infrastructure
that have been expected to take longer than the standard 3 months.

The National Institute of Health and Clinical Excellence has recently issued a categorisation of all
of its technology appraisal guidance. There are some differences between the NICE categorisation
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and the results of this review because of differences in the definitions employed. The most notable
differences relate to the classification of AWR guidance. NICE does not use the terminology of
AWR in its classification system. However, this review has identified a small number of appraisals
that apparently fall into this category of approving a technology for use, and also recommending
research within the guidance to the NHS. In all of these cases, observational studies and/or data
collection through disease registers were recommended. The NICE categorisation refers only to
final guidance. Of the four pieces of final guidance identified in this review, NICE categorised

one as recommended, two as optimised and one as OIR. The lack of a formal category of AWR
guidance from NICE most likely reflects its remit, which is to make recommendations on the best
of technologies within the NHS rather than to make recommendations on research to research
funders. Despite this, there is clearly ambiguity in the terminology used in the guidance and
differences in the interpretation of recommendations for research made within the guidance
section of the documents.

One striking finding from this review is the decline in use of OIR/AWR recommendations

over the past 5 years. The decline in the use of OIR/AWR recommendations coincides with

the introduction of the STA process in 2006. Only one appraisal conducted through this

process — which is now the most commonly used route for new technologies — included an

OIR recommendation in the final guidance and none included AWR recommendations. At

first glance this may appear to be counterintuitive. Technologies appraised through this process
are usually new and therefore have a more limited evidence base than technologies appraised
through the MTA process. However, it could also be that the STA process has started to shift

the burden of proof of effectiveness and cost-effectiveness onto manufacturers and sponsors of
technologies and recommendations to the NHS regarding the research of these technologies

are seen as less relevant. It could also be linked to an increased opportunity to negotiate on the
costs of technologies through patient access schemes or to tighter time and resource constraints
in the production of STA guidance. The rarity of OIR/AWR recommendations in the STA
process does not fully account for the reduction over time and there has been a decline in OIR/
AWR recommendations within the MTA process. There is no clear reason for this from the
documentation included in this review. However, insights gained from discussion with NICE
stakeholders at workshops held as part of this research have suggested that it may be in line with
other developments since the establishment of NICE - including refinements to its processes and
the phrasing of the guidance. In addition, a possible explanation may include a realisation of the
difficulties of developing and implementing OIR/AWR recommendations — perhaps because of
difficulties in getting research funders to implement the recommendations.

One limitation of this analysis has been the reliance on the documented considerations of the
Appraisal Committee in formulating its recommendations and whether these, in some cases
fairly brief, summaries fully reflect all of the considerations that led to the recommendations and
specifically the recommendations for research. In addition, identifying the ICERs related to the
OIR/AWR indication and considered by the committee to be the most plausible was difficult as
it was not always clearly stated and/or available from the documentation, although the clarity

of reporting of ICERs has improved in the more recent documentation. Finally, focusing on the
reviews as an indication of the success of the research recommendations could bias towards a
positive finding as a lack of new evidence could have led to the postponement of planned reviews.
However, information from the NICE website suggests that research to potentially inform a
review is being conducted in most of the appraisals including OIR/AWR recommendations.
Sixteen OIR/AWR appraisals have been considered for review: six have been postponed pending
the reporting of ongoing research and a further six are ongoing or scheduled. Only two reviews
have been cancelled because of a lack of new evidence and a further two have been cancelled
because of the technology becoming obsolete.
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Recent developments at NICE have increased the potential for further research alongside
approval, although the uptake remains limited. One opportunity has arisen through the
supplementary guidance to NICE committees about technologies used to treat patients at

the end of life.""® This guidance describes criteria for when the committees should consider
departing from the usual criteria for cost-effectiveness. In addition, the guidance states that when
recommending a treatment under the end-of-life criteria, NICE ‘will normally recommend to the
Department of Health that it should give consideration to a data collection exercise for treatment
recommended for use on the basis of the criteria set out in Section 2. The purpose of this will

be to assess the extent to which the anticipated survival gains are evident when the treatments
involved are used in routine practice. The outcome of this exercise will be evaluated when the
guidance for that treatment is reviewed. However, in practice the uptake of this recommendation
appears to be limited and in an early review of the policy it was noted that implementation of
such schemes had proven problematic and was likely to be particularly difficult for non-cancer
treatments.'”* Another opportunity has arisen through the introduction of patient access schemes
in 2009; however, although these allow for additional data collection, it is not a requirement.®

The National Institute of Health and Clinical Excellence has recently issued a methods manual
for the identification and prioritisation of research recommendations.'?® Although the guidance
is aimed at the research recommendations provided outside of the main guidance to the NHS
in the NICE documentation, the process also briefly refers to research recommendations in the
guidance. A process is described whereby the Advisory Committees identify the ‘key’ evidence
gaps, which are then translated into brief research questions by NICE staft in collaboration or
consultation with other stakeholders. Prioritisation is conducted by NICE staff based on the
‘existing state of the evidence’ and reviewed at an annual meeting with the NITHR Evaluation,
Trials and Studies Coordinating Centre. No further recommendations on when research
recommendations should be included in guidance are described.

This review has revealed that NICE has used OIR/AWR since its inception, but these
recommendations appear to be on the decline. Consideration of cost-effectiveness is routine
within the appraisal process, and consideration of whether further research is needed and the
type of evidence required appears to be frequently considered for OIR/AWR appraisals. However,
some of the assessments outlined in the proposed framework do not appear to be currently
considered, most notably whether or not significant irrecoverable costs are likely and whether or
not the benefits of the proposed research outweigh the costs.
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Chapter 5
Informing the assessments

he key principles and assessments that are needed when considering OIR or AWR guidance

have been outlined in Chapter 2. How these assessments might be made and whether the
existing methods of appraisal are sufficient, or whether additional information, evidence and
analysis might be useful, were not addressed. In this chapter we outline additional information
and evidence that might be useful and a range of methods of analysis that could be used to
inform each of the assessments and decisions within the algorithm. We take existing methods
of NICE appraisal as an accepted starting point and focus instead on exploring what additional
information and analysis might feasibly be included in appraisal and how it might be interpreted
to inform the judgements required using a series of case studies. We also consider whether this
type of additional information and analysis might be routinely required within appraisal or only
when OIR or AWR appears to be particularly relevant, for example more sophisticated additional
analysis might be required only if it is established that further research might in principle
be worthwhile.

Full details of each of the case studies are reported in Appendices 7-10. A separate technical
appendix (see Appendix 6) is also provided that describes in detail how to carry out the
calculations that can inform each of the assessments described in this chapter.

A checklist of assessment

The possible sequences of assessment and decision that lead to particular categories and types of
guidance were represented as an algorithm in Figures I and 2 and Figures 26-28 in Appendix 2.
The sequence of judgements required can be summarised as a simple checklist that could be
considered by the Technology Appraisal Review (TAR) team/ERG and Appraisal Committee as
well as manufacturers during appraisal. There are two checklists: one for technologies expected to
be cost-effective (Table 10A) and one for those not expected to be cost-effective (Table 10B) based
on the balance of existing evidence and current effective prices. The only difference between

the checklists is at point 4, where, for technologies expected to be cost-effective, the judgement

is whether the research is possible with approval whereas a judgement of whether research is
possible without approval is required if the technology is not expected to be cost-effective.

Each of the seven points on the checklist relate to the sequence of decision nodes that fully
describe the algorithm in Appendix 2. Therefore, each sequence of ‘yes’ or ‘no’ judgements defines
a single pathway leading to a particular type and category of guidance (the type and category of
guidance implied by each combination is described in Table 32, Appendix 4). However, all seven
assessments do not necessarily need to be undertaken because sometimes earlier decisions will
lead directly to guidance. For example, a ‘no’ at point 3 always leads directly to either approve or
reject and hence further assessment is unnecessary. Similarly, a ‘no’ at point 6 also leads directly
to approve or reject if there are no significant irrecoverable costs associated with the technology
(see Table 32, Appendix 4).
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Informing the assessments

TABLE 10A Checklist for OIR and AWR: technologies expected to be cost-effective

Judgement
Point  Assessment Yes No
s it cost-effective? Yes

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?

~N O OB W NN =

TABLE 10B Checklist for OIR and AWR: technologies not expected to be cost-effective

Judgement

Point  Assessment Yes No

Is it cost-effective? No
Are there significant irrecoverable costs?

Does more research seem worthwhile?

Is the research possible without 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?

~N O OB W NN =

Introduction to case studies

The objective of developing a series of case studies was to (1) demonstrate how the key principles
and assessments might inform the development of guidance through application of the checklist
and (2) establish whether existing methods of appraisal are sufficient, or whether (and when)
additional information and analysis might be useful.

Selection of case studies
Case studies were selected to ensure that the full range of possible analysis was feasible within the
time and resource constraints of this research project, while exploring situations in which OIR or
AWR might be particularly relevant and challenging. Therefore, de novo analysis or substantial
reanalysis of original assessments is not possible. Nor would it be necessary or informative as one
of the objectives is to explore what additional information and analysis might be required. For
this reason candidate case studies that met the following feasibility criteria were considered: (1)
the economic analysis was regarded as a suitable basis for developing guidance, (2) an analysis
of uncertainty in expected cost-effectiveness [probabilistic sensitivity analysis (PSA) as specified
in the NICE reference case] was conducted and (3) ready access was available to the electronic
versions of the models that informed guidance.

There are three groups of potential case studies in which the key principles and assessment
described above might have influenced guidance: (1) when OIR or AWR was included in the
FAD, (2) when OIR or AWR was considered during appraisal (e.g. included in the ACD or
section 6 of the technology appraisal guidance) and (3) when OIR or AWR was not obviously
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considered at any stage. As well as examples of AWR for technologies expected to be cost-
effective and OIR for those not, there are also a number of particularly interesting ways in which
guidance might be influenced by these additional considerations. For technologies expected to
be cost-effective these include (1) OIR rather than approve when research is not possible with
approval and (2) OIR or even reject rather than AWR or approve even if research is possible with
approval because there are significant irrecoverable costs.

To fully explore the implications of these principles and assessments it is useful to select case
studies that reflect the range of possible and interesting characteristics. For example, technologies
(1) that are and are not expected to be cost-effective, (2) with and without irrecoverable costs,

(3) for which other sources of uncertainty are and are not present, (4) for which the research
needed is and is not possible with approval, (5) that are non-pharmaceutical interventions and
(6) that are appraised under the MTA and STA process. Four case studies will not be enough to
demonstrate the full range of possible combinations of interesting characteristics or illustrate

all of the potential impacts of interest. Therefore, in selecting case studies there was a need to
balance feasibility and coverage of those characteristics of greatest interest.

Background to the case studies
The following four case studies were selected. A range of additional information was sought and

further analysis conducted to inform the sequence of assessment and judgements required when
completing the OIR/AWR checKklist in Tables 10A and 10B.

Enhanced external counterpulsation for chronic stable angina

The NIHR HTA programme identified enhanced external counterpulsation (EECP) as an
important topic and commissioned a short report to examine the clinical effectiveness and
cost-effectiveness of EECP as an adjunct to standard therapy in patients with chronic stable
angina. Although the topic was not ultimately considered by NICE it was commissioned in the
same way and with the same resources as other assessment reports that inform NICE guidance.
The assessment followed the NICE reference case and is consistent with the type of analysis that
would have been required in a MTA appraisal. Like other MTA TARs it was published in full as a
HTA monograph.”>!

Enhanced external counterpulsation is a non-invasive procedure (adjunct to standard therapy)
used to provide symptomatic relief from stable angina. The analysis compares EECP with
standard therapy alone. RCT evidence suggests an improvement in health-related quality

of life (HRQoL) with EECP at 12 months.'?! To characterise the uncertainty associated with
possible longer durations of treatment effect, formal elicitation of expert clinical judgement
was undertaken. This provided an estimate of the probability, with uncertainty, of continuing to
respond to treatment with EECP in subsequent years.

The possible pathways through the algorithm that the EECP case study illustrates are reported in
Figure 30 in Appendix 4. In this case study the new technology is expected to be cost-effective but
with potentially significant irrecoverable costs. These irrecoverable costs include both (1) long-
lived costs associated with the purchase of equipment and (2) large initial per-patient treatment
costs, combined with a chronic condition in which a decision not to treat a particular patient
with EECP can be changed at a later date (decisions are not irreversible) when research reports
or other events occur. Consequently, these irrecoverable costs might influence the category of
guidance, for example OIR rather than approve. This case study also provides an opportunity

to explore the impact of research design (length of follow-up) on guidance and to examine the
potential role of elicitation rather than extreme scenarios in characterising uncertainty.
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Clopidogrel for the management of patients with non-ST segment

elevation acute coronary syndromes

The use of clopidogrel (CLOP) (for up to 12 months) in combination with low-dose aspirin was
recommended by NICE following a MTA appraisal for patients with non-ST segment elevation
acute coronary syndrome (NSTE-ACS) presenting with a moderate to high risk of ischaemic
events (TA80'* in 2004 and updated in 2010 in CG94'#). In TA80 the Appraisal Committee
considered 12-month or lifetime treatment with CLOP but recommended research to inform
optimal treatment duration. The original assessment report had included an analysis of shorter
treatment durations (< 12 months) and the NIHR HTA programme subsequently commissioned
additional reanalysis based on this original work to inform this research recommendation in
2009. This case study is based on the reanalysis of TA80 undertaken in 2009, which included
standard therapy compared with four alternative treatment durations of CLOP of 1, 3, 6 and

12 months. Importantly, although the case study is based on the later reanalysis of TA80, the
analysis considered here has been undertaken from the standpoint of the original TA80 appraisal,
asking what assessments might have been made at that time when standard therapy was
low-dose aspirin.

The research recommendation was made in section 6 of TA80; therefore, this case study is

not an example of AWR at FAD but an example of AWR considered during appraisal. The
possible pathways through the algorithm that the CLOP case study illustrates are reported in
Figure 29 in Appendix 4, with the new technology expected to be cost-effective and have no
significant irrecoverable costs. The CLOP case study also illustrates a number of other important
characteristics, including (1) the impact that other sources of uncertainty (price change following
patent expiry) can have on the value of further research, (2) the interpretation of analyses in
which there are multiple alternatives and (3) the use of scenarios to represent alternative but
credible assumptions.

Omalizumab for the treatment of severe persistent allergic asthma in

children aged 6-11 years

The use of omalizumab (OMAL) for the treatment of severe persistent allergic asthma in children
aged 6-11 years was not recommended by NICE following a STA appraisal (TA201'* in 2010).
The analysis compared OMAL as an add-on to standard care compared with standard care

alone. The primary analysis was based on a prespecified severe asthma population within an
international, multicentre, placebo-controlled RCT. However, a high-risk subgroup within this
population (recent hospitalisation for an asthma exacerbation) was also identified post hoc.

Omalizumab was not found to be cost-effective in either the severe or severe/high-risk
population. However, a RCT was recommended comparing OMAL with oral corticosteroids
(OCS) in children to establish reduction in OCS use. This was made in section 6 of TA201;
therefore, OMAL is not an example of OIR at FAD but an example of OIR considered during
appraisal. The possible pathways through the algorithm that the OMAL case study illustrates are
reported in Figure 31 in Appendix 4, with the new technology expected not to be cost-effective
and to have no significant irrecoverable costs. OMAL also illustrates assessment in small patient
populations (rare disease) and how subgroup analysis can be considered.

Etanercept, infliximab and adalimumab for patients with active and

progressive psoriatic arthritis

Following a MTA appraisal (TA199'* in 2010) the use of biologic treatment with etanercept,
infliximab and adalimumab (Humira®, Abbott) was recommended by NICE for patients with
active and progressive psoriatic arthritis (PsA) and who have an inadequate response to standard
treatment, including two conventional disease-modifying antirheumatic drugs (DMARDs).
However, the guidance also recommended that treatment should start with the least expensive
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drug, taking account of dose, route of administration and price. This guidance updated an earlier
MTA appraisal in 2006 (TA104'*) that had recommended etanercept and restricted guidance on
the use of infliximab to only those patients shown to be either intolerant or contraindicated to
etanercept.” The analysis in this case study is from the standpoint of TA199, using the updated
model that included new evidence and adalimumab as an additional comparator. At this point
NICE guidance recommended etanercept and so the first question posed in the checklist can

be interpreted as whether or not the other technologies available (infliximab, adalimumab or
palliative care) are expected to be cost-effective compared with etanercept.

In section 6 of TA199 the importance of data from patient registries on long-term outcomes

and adverse events was highlighted; therefore, the PsA case study is not an example of AWR at
FAD but an example of AWR considered during appraisal. The possible pathways through the
algorithm that the PsA case study illustrates are reported in Figure 32 in Appendix 4. In this case
study the alternatives to etanercept are not expected to be cost-effective. However, etanercept as
well as infliximab and adalimumab have potentially significant irrecoverable costs because of the
high initial per-patient treatment costs, combined with a chronic condition in which treatment
decisions are not irreversible. The PsA case study, like the EECP case study, also provides an
opportunity to examine the potential role of elicitation in the appraisal process.

Is it cost-effective and what are the risks?

The judgements made at points 1 and 2 of the checklist are critical because, although neither
leads directly to a particular category of guidance, they determine the subsequent path that might
be taken, sometimes avoiding further and potentially complex assessments. For example, the
absence of significant irrecoverable costs means that only four out of the 12 possible pathways
require all seven assessments to be made (see Table 32, Appendix 4).

Point 1: Is it expected to be cost-effective?
The sequence of assessments starts with cost-effectiveness and the expected impact on population
NHEs, that is, at the following point in the algorithm:

[ Assess cost-effectiveness and ]

population net health effects

No
Is it cost-effective?

Yes

This requires an assessment of expected cost-effectiveness based on the balance of the evidence
and analysis currently available. Methods to estimate expected cost-effectiveness are well
established within the NICE appraisal process and are extensively described in the Guide to
Methods of Technology Appraisal."* Commonly, expected cost-effectiveness is summarised and
presented using ICERs. Equivalently, but more usefully in this context, cost-effectiveness can

be expressed in terms of expected NHEs, which can be expressed per-patient treated or for a
population of patients. This is especially important when later assessments require a comparison
of benefits for current and future patient populations and when assessing the significance of
irrecoverable costs (see Point 2: Are there significant irrecoverable cost?). All of the information
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required to express expected cost-effectiveness in these ways is available from the type of analysis
already undertaken during appraisal.

Cost-effectiveness at the patient level

Estimates of the expected NHS costs and QALY for each patient treated over an appropriate time
horizon - the ‘patient time horizon’ - can be summarised as an ICER, which must be compared
with a cost-effectiveness threshold to judge cost-effectiveness too.c Equivalently, this can be
expressed as the per-patient NHE of each intervention, that is, the difference between any health
gained and health forgone elsewhere.

Technologies expected to be cost-effective
The results for EECP are summarised in Table 11. There are only two alternatives (EECP and
standard care) and so only one ICER. EECP is just expected to be cost-effective at a threshold of
£20,000 per QALY.c Consequently, the NHEs of EECP are greater than those of standard care but
the difference per patient treated (the incremental NHE) is small.

It is also important to consider how NHEs accumulate over time or the investment profile

per patient treated with EECP. Figure 3 illustrates the cumulative incremental NHE over the
patient time horizon. The initial per-patient costs of EECP are high and are far in excess of the
immediate health benefits in the initial period of treatment. These negative NHEs are gradually
offset by positive NHE:s in later periods. In this case, it is only after 14 years that the initial losses
are compensated by later gains, that is, EECP is not expected to break-even until 14 years from

TABLE 11 Expected cost-effectiveness of EECP per patient treated

Cost-effectiveness threshold £20,000 per  Cost-effectiveness threshold £30,000 per
QALY QALY

ICER Incremental NHE, Incremental NHE,
Treatment  Cost(8) QALYS  (£/QALY) NHE, QALYs (£) QALYs (£) NHE, QALYs (£) QALYs (£)
EECP 4744 76045 19,391  7.3673(147,346)  0.0074 (149) 7.4464 (223,391)  0.0865 (2595)

Standard - 7.3598 - 7.3598 (147,197) - 7.3598 (220,795) -
care
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FIGURE 3 Cumulative incremental NHEs of EECP over the patient time horizon.
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initial treatment. It is only beyond 30 years that the modest incremental NHEs reported in
Table 11 are eventually achieved.f

Multiple alternatives

Similar analysis can be conducted when there are more than two alternatives. For example, in the
CLOP case study four treatment durations as well as current NHS treatment (aspirin alone) were
considered at the time of TA80.'2? The results in Table 12 indicate that 12-month treatment with
CLOP is expected to be cost-effective, although the difference in NHE between 12 and 6 months’
treatment is small.

The investment profile of CLOP, per patient treated, is illustrated in Figure 4. The per-patient
costs of CLOP are in excess of the health benefits during the period of treatment. These negative
NHEs are eventually offset by positive NHEs in later periods. In this case, it is only after 5 years
that 12 months of treatment with CLOP breaks-even against current NHS care and it is not

until 21 years that it is better than a shorter treatment duration of 6 months. Notice that shorter
treatment durations with CLOP offer a much less ‘risky profile, for example the break-even point
for 1 month of treatment is 2 years against current NHS care.

Technologies not expected to be cost-effective
The ICER for OMAL in Table 13 is greater than the threshold and so it is not expected to be
cost-effective compared with standard care alone. Consequently, the incremental NHE of OMAL
is negative.

TABLE 12 Expected cost-effectiveness of CLOP per patient treated

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000

55

per QALY per QALY
ICER
Treatment Cost(S)  QALYs  (£/QALY) NHE, QALY (£) NHE, QALY (£)
CLOP12 20,127 8122 18,663 7.115 (142,307) 7.451 (223,525)
CLOPG 19,860 8107 10477 7.114 (142,288) 7.445 (223,362)
CLOP3 19712 8.093 9396 7.108 (142,154) 7.436 (223,087)
CLOP1 19,598  8.081 4961 7.101 (142,025) 7.428 (222,837)
NHS 19502 8062 - 7.087 (141,734) 7.412 (222,353)
0.03-

T
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FIGURE 4 Cumulative incremental NHEs of CLOP over the patient time horizon.
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The per-patient investment profile for OMAL is illustrated in Figure 5 and shows that it is always
expected to offer negative NHEs compared with standard care over the entire patient time
horizon, that is, the high costs of treatment are never compensated by future health gains. In
this example, the initial treatment costs with OMAL continue for 10 years (10 years is assumed
to represent the duration that a patient would continue to receive treatment with OMAL) with
health effects predominately while on treatment. Therefore, OMAL is not so much a ‘risky
purchase’ but one that is simply not cost-effective at its current price.

Multiple alternatives

Psoriatic arthritis offers an example in which the alternatives to the treatment already
recommended by NICE (etanercept at the time of TA199'%) are not expected to be cost-effective,
that is, the results in Table 14 indicate that etanercept is expected to be cost-effective. Notice that
although adalimumab is less effective than etanercept it is also cheaper; however, the resource
savings it offers do not compensate for the reduction in health benefits.

Consequently, the investment profiles of the alternatives to etanercept, illustrated in Figure 6,
differ in appearance. However, all of the biologic treatments for PsA have high initial costs,
which are only gradually compensated for by later health benefits. Adalimumab, etanercept and
infliximab all ultimately offer positive NHEs compared with palliative care but only break-even
at 17, 17.5 and 34.5 years, respectively. Adalimumab offers a slightly less risky profile than
etanercept and so it is only at 21.25 years that etanercept is expected to offer the highest NHE.

TABLE 13 Expected cost-effectiveness of OMAL per patient treated

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000

per QALY per QALY
ICER Incremental NHE, Incremental NHE,
Treatment Cost(£) QALYs  (£/QALY)  NHE, QALYs (£) QALYs (£) NHE, QALYs (£) QALYs (£)
OMAL + 94,992 16.64 93,844 11.8861 (237,721)  —-2.1908 (-43,815)  13.4693 (404,078)  —1.2627 (-37,882)
standard care
Standard care 39,310 16.04 - 14.0768 (281,536) — 14,7320 (441,960) -

Time, modelled (years)

0.00 T T T T T T T T .
) 10 20 30 40 50 60 70 80 90
-0.20 1 :
-0.40
0.60 : Duration of treatment on OMAC (10 years)

Cumulative incremental NHE per patient
for omalizumab (QALY)

FIGURE 5 Cumulative incremental NHEs of OMAL over the patient time horizon.
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TABLE 14 Expected cost-effectiveness of PsA treatments per patient treated

Cost-effectiveness threshold £20,000  Cost-effectiveness threshold £30,000

per QALY per QALY
ICER
Treatment Cost (£) QALYs (£/QALY) NHE, QALYs (£) NHE, QALYs (£)
1. Infliximab 90,343 7.269 60,965 2.752 (5504) 4.258 (8516)
2: Etanercept 78,150 7.069 17,733 3.161 (6322) 4.464 (8928)
3:Adalimumab 72,972 6.777 14,622 3.129 (6258) 4.345 (8690)
4: Palliative care 51,800 5.329 - 2.739 (5478) 3.602 (7204)
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FIGURE 6 Cumulative incremental NHEs in PsA over the patient time horizon.

Cost-effectiveness at the population level

Per-patient NHEs can also be expressed for the population of current and future patients. This
requires information about prevalence and future incidence of the target population (already
required in appraisal). It also requires a judgement about the time horizon over which the
technology will be used. This ‘technology time horizon” ought to reflect the period over which
the technology is likely to be part of clinical practice and generate the expected NHEs.8 An
estimate of the scale of the total population NHEs and how they cumulate over time is important
for subsequent assessments, including (1) when the NHE for current patient populations must
be compared with the benefits to future patients and (2) when the treatment decision can be
changed so that the irrecoverable opportunity costs of initially negative NHEs become significant,
that is, might influence the category of guidance.

For example, there is a large prevalent population (n=109,800) eligible for EECP relative to
future incident populations (#=9500 per annum) in this chronic condition. The total population
NHEs, assuming that the technology will be used to treat prevalent and incident patients over

10 years, are reported in Table 15. The expected cost-effectiveness is unchanged (the ICER is the
same as in Table 11) but the incremental NHE, although small per patient, is more significant at a
population level because of the size of the target population.

The investment profile for EECP when used to treat patients over 10 years is illustrated in
Figure 7. At a population level it is not until 17 years (rather than 14 years at a patient level) that
initial losses are compensated for by later gains and EECP breaks even. In other words, EECP
appears a more risky investment when evaluated at a population rather than an individual level.
This is because, although each patient treated with EECP is expected to offer the same profile
of NHEs as shown in Figure 3, the negative NHEs associated with patients incident and treated
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TABLE 15 Expected cost-effectiveness of EECP for the population

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000
per QALY per QALY
Costs ICER Incremental NHE, Incremental NHE,
Treatment  (EM) QALYs (£/QALY)  NHE, QALYs (£M) QALYs (EM) NHE, QALYs (£M) QALYs (EM)
EECP 896 1,435,787 19,391 1,391,001 (27,820) 1405 (28) 1,405,930 (42,177) 16,334 (490)
Standard - 1,389,596 - 1,389,596 (27,792) 1,389,596 (41,688)

care
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FIGURE 7 Cumulative incremental NHEs of EECP for the population.

in year 10 will not be offset by later gains until year 24. The population-level investment profile
would exhibit greater risk (break-even later) if the prevalent population was smaller relative to
the incident population and/or the technology time horizon was longer. For example, the break-
even point extends to 23 years when the technology time horizon is increased to 20 years.

The effect on the other case studies of assessment at the population level is similar to the effect
on the EECP case study. It simply increases the magnitude of differences in per-patient NHE
(to a greater extent for longer technology time horizons) but leaves expected cost-effectiveness
unchanged. However, the investment profiles at a population level also differ, exhibiting greater
‘risk’ indicated by later break-even points for the same reasons as for EECP. For example, the
break-even points for CLOP when evaluated at a population level are reported in Table 16. At a
technology time horizon of 10 years it is only at 11 years, rather than 5 years for a single patient,
that 12 months of CLOP treatment breaks even against current NHS care and not until 27 years
(rather than 21 years) that 12 months of CLOP treatment is better than a shorter treatment
duration of 6 months. Even the shorter durations of treatment offer a ‘risky profile; for example
the break-even point for 1 month of treatment against current NHS care is 4 years (rather than
2 years).
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TABLE 16 Expected cost-effectiveness of CLOP for the population

Break-even point (years)

Technolo
time hori%n Treatment  Incremental NHE, QALYs (M) 12 months vs 6 months 12 months vs NHS 1 month vs NHS
5 years CLOP12 269 (5.4) 24 8 4
CLOPB 1881 (37.6)
CLOP3 1804 (36.1)
CLOP1 4073 (81.5)
NHS -
10 years CLOP12 495 (9.9) 27 11 4
CLOP6 3465 (69.3)
CLOP3 3324 (66.5)
CLOP1 7502 (150)
NHS -
15 years CLOP12 686 (13.7) 30 12 4
CLOPG 4799 (96)
CLOP3 4603 (92.1)
CLOP1 10,389 (207.8)
NHS -
20 years CLOP12 846 (16.9) 33 12 4

CLOPG 5921 (118.4)
cLOP3 5680 (113.6)
CLOP1 12,820 (256.4)
NHS -

Point 2: Are there significant irrecoverable costs?
The second point on the checklist requires (1) an assessment of whether there are irrecoverable
costs and (2) a judgement of their potential significance, that is, at the following point in
the algorithm:

( Assess irrecoverable costs )

Are there
significant irrecoverable
costs?

No

Irrecoverable costs are those that once committed cannot be recovered if guidance is changed at
a later date (see Appendix 6, Are there significant irrecoverable costs?). Irrecoverable costs are most
commonly thought of as upfront or capital costs of new facilities or equipment with long life
expectancy (they might also include any practitioner training and the costs of implementation
efforts). In NICE appraisal these types of cost are first annuitised" and then allocated pro rata

to the number of patients likely to be treated during the lifetime of the equipment. That is,
capital costs are treated as if they are paid per patient treated over the lifetime of the equipment.

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

59



60 Informing the assessments

If guidance remains unchanged throughout this period (i.e. research does not report or

other sources of uncertainty do not resolve) then this common assumption has no influence.
However, should guidance change (initial approval is withdrawn) before the end of the lifetime
of the equipment then, although future patents will no longer use the technology, the cost of

the equipment allocated to them cannot be recovered. The possibility that initial guidance

might change and its impact on expected costs needs to be considered before costs are made
irrecoverable through approval or AWR. The impact of irrecoverable costs will tend to be greater
if they represent a greater proportion of the total costs, if guidance is more likely to change and if
guidance is more likely to change in the near rather than distant future.

Enhanced external counterpulsation is the only case study in which these types of cost are
present to any great extent because treatment requires capital investment in the EECP machines
themselves. The expected per-patient and population costs reported in Tables 11 and 15 allocated
this capital cost in the usual way (i.e. annuitised over the 10-year lifetime of the machines and
allocated to the number of patients treated each year). The irrecoverable costs are reported
separately in Table 17 and represent 19% of the total. However, this will have no influence

on expected cost-effectiveness as long as guidance does not change during the lifetime of the
equipment.!

Investment profile of net health effects

Even in the absence of capital costs of equipment and facilities, NHEs accumulate over time at
both a patient and a population level. With the possible exception of OMAL the analysis in the
previous section indicates a common pattern of initially negative NHEs that are only gradually
offset by positive NHEs in later periods. Therefore, approval or AWR commonly commits
opportunity costs of negative NHE that are irrecoverable. For OMAL, the profile of NHEs

at a patient level did not exhibit significant irrecoverable opportunity costs. Assessment at a
population level and for longer technology time horizons simply increases the magnitude of the
expected negative NHE; therefore, there are no irrecoverable costs in this case study.

Are irrecoverable costs likely to be significant?

Whether or not irrecoverable costs are significant, that is, might influence guidance, depends
critically on whether guidance is likely to change and whether that is more likely in the near or
in the distant future. That will depend on whether research is likely to be undertaken and when
it is likely to report, as well as on other events that might occur, for example a change in price
following patent expiry. These are assessed later, at points 5 and 6 in the checklist. However, the
potential significance of any irrecoverable costs can be assessed at this point. For example, capital
costs can be judged based on the proportion of total population costs that are irrecoverable

for this reason as well as their scale relative to the additional population NHE offered (e.g. see
Table 17).

Judging the potential significance of the investment profiles of NHEs is more nuanced. It depends
whether treatment decisions for individual patients are irreversible, which in part depends on
the nature of the disease. For example, in an acute condition the decision to treat a particular
presenting patient with a technology cannot be reconsidered at a later date - it is irreversible.

TABLE 17 Capital costs associated with EECP

Cost-effectiveness threshold £20,000 per QALY

Non-capital ICER
Treatment Capital cost (£)  cost (£) QALYs (£/QALY) NHE, QALYs (£M) Incremental NHE, QALYs (£M)
EECP 170,304,591 725,408,798 1,435,787 19,391 1,391,001 (27,820) 1405 (28)

Standard care - - 1,389,596 - 1,389,596 (27,792) -
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Of course, it is possible that the later benefits are not realised but it is also possible that they
will realise more (the profiles of NHEs in Figures 3-6 are the average over these possibilities).
Similarly, the possibility that guidance might change in the future (e.g. research suggests that
the longer-term benefits will not offset initial losses) will not influence the irreversible decision
to treat a presenting patient with a technology that is expected to be cost-effective before the
research reports.

Implication for the case studies

Clopidogrel is a treatment for acute coronary syndromes and, although decisions about treatment
and its duration are not irreversible in the very short run, over the time scales more likely

for research being conducted (and reporting) or other events occurring that would change
guidance they can be regarded as such. Therefore, although the investment profile of CLOP

(at a patient and more so at a population level) exhibits irrecoverable costs these should not be
judged significant in the sense that they have little potential to influence guidance. There are

also no significant irrecoverable costs associated with OMAL but for different reasons; although
treatment decisions are reversible in this chronic condition, any irrecoverable costs appear very
limited (see Figure 5).

Both EECP and the biologics in PsA are for chronic conditions in which the decision to treat a
particular patient can be changed at some later date (decisions are not irreversible). Therefore, the
type of investment profile of NHE:s at a patient and population level is significant because, instead
of committing irrecoverable costs by deciding to use technologies expected to be cost-effective
now, the decision and commitment of costs can be made later, after research reports, other

events occur and/or guidance changes. Of course, proper account must be taken of the impact

of withholding initiation of treatment on expected health benefits and costs (see Point 7: Are

the benefits of approval greater than the costs?), for example some patients who might have been
treated may not survive to benefit from the results of the research or disease may have irreversibly
progressed so that the expected health benefits are lower.”

Enhanced external counterpulsation is the only case in which both types of irrecoverable costs
are potentially significant. Figure 7 illustrates the impact of accounting for the actual timing

of expenditure on EECP machines rather than treating it as if it was paid when each patient

was treated, that is, expenditure is treated like a consumable cost by spreading the capital cost
over 10 years.* If approval of EECP might be withdrawn before 10 years, the potential losses in
NHESs will be greater than initially indicated in Figure 7 because the equipment costs allocated to
treating future patients cannot be recovered. The earlier such a change might occur the greater
the additional loss. The impact of these possibilities should be considered at point 7 of the
checklist before guidance to approve or AWR commits both types of irrecoverable costs.

Pricing and irrecoverable costs

The importance of irrecoverable treatment costs when they may be potentially significant should
also consider the scale of initially negative NHEs and the duration of such losses, that is, how
long until the technology breaks even for an individual patient and for the population of patients
who are likely to be treated if it is approved. Health technologies with patent protection are
more likely to be priced close to the point at which the expected incremental NHEs are close to
zero, that is, the ICER is close to or equal to the threshold. A value-based pricing scheme would
formalise these existing incentives. A technology that is only just expected to be cost-effective
will not break-even until close to the end of the patient time horizon and for much longer for
the population of patents likely to benefit from its use (up to the technology time horizon plus
the patient time horizon - less if patent expiry and cheaper generic enter before the technology
time horizon). Therefore, those technologies already priced close to the threshold, and all

new technologies considered in a value-based pricing scheme, will tend to increase the scale
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of irrecoverable costs committed by approval, making OIR or reject more likely even when a
technology is just expected to be cost-effective at point 1 of the checklist.!

Is further research required?

The judgements made at points 3 and 4 of the checklist are critical because if more research is
not judged to be worthwhile no further assessments are required (unless there are significant
irrecoverable costs; see Table 32 in Appendix 4). If research is worthwhile, the type of evidence
needed and whether or not the research required to generate it can be conducted, while the
technology is approved will determine whether or not AWR or OIR is a possibility.

Point 3: Does more research seem worthwhile?

Pathway
number

The third point on the checklist requires an assessment of the potential benefits of conducting
further research, that is, at the following point in the algorithm:

( Assess need for evidence )

Does
more research seem
worthwhile?

No

This requires judgements about (1) how uncertain a decision to approve or reject a technology
might be based on the estimates of expected cost-effectiveness and (2) whether or not the scale
of the likely consequences of this uncertainty might justify further research. Some assessment
of the potential consequences of uncertainty is important because it indicates the scale of the
population NHEs that could be gained if the uncertainty surrounding this decision could be
resolved immediately, that is, it represents an expected upper bound on the benefits of more
research.™ If the potential benefits of further research are unlikely to justify the costs, then a
judgement that more research does not seem worthwhile will lead directly to guidance in the
following circumstances (extracted from Table 32 in Appendix 4):

Assessment 1 2 3 4 5 6 7 Guidance
6 Yes No No - - - - Approve*
12 No No No - - - - Reject*
35 No Yes No - - - - Reject!

Assessing the consequences of uncertainty
Some assessment is required of (1) how uncertain a decision based on expected cost-effectiveness
might be and (2) what the consequences, in terms of population NHEjs, are likely to be if an
incorrect decision is made.

Enhanced external counterpulsation is expected to be cost-effective compared with standard
care (Table 18 and see Table 11), but the estimates of cost and QALYs are uncertain and so
there is a chance that a decision to approve EECP based on existing evidence will be incorrect,
that is, standard care might offer greater NHEs. Some assessment of the likely consequences
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of approving EECP when standard care might be better could be based on the difference in
expected NHEs, that is, the expected incremental population NHEs reported in Tables 15 and
18). This is illustrated in Figure 8 in which a judgement about the probability that a decision
based on expected cost-effectiveness is correct translates into expected consequences based

on the expected incremental population NHE. For example, if the decision was judged to be
100% certain then there are no consequences and so there would be nothing to be gained by
more research; however, as the probability that the decision is correct becomes less certain, the
expected consequences (and hence potential value of more research) increase.

This judgement of how uncertain a decision might be can be informed by the PSA already used
to estimate costs and QALYs and required as part of the NICE reference case.'”'* The probability
that EECP is cost-effective is 0.428 (see Table 18)," which would translate into approximately

800 QALYs (see Figure 8) over the technology time horizon,° based on the expected or average
difference between NHEs. However, the difference in NHEs when EECP is not the correct
decision is not necessarily the average. In fact, it is very unlikely to be the average and such
estimates may substantially under- or overestimate the expected consequences of uncertainty.?

TABLE 18 Expected consequences of uncertainty for EECP

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY
Expected Expected
ICER Incremental NHE,  Probability consequences, Incremental NHE, Probability consequences,
Treatment (£/QALY)  QALYs (£EM) cost-effective  QALYs (£M) QALYs (EM) cost-effective QALYs (£M)
EECP 19,391 1405 (28.1) 0.428 9287 (185.7) 1,405,930 (490) 0.700 2774 (83.2)
Standard - 0.572 - 0.300

care

Expected consequences (£M)
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FIGURE 8 Probability that EECP is cost-effective and the consequences of uncertainty.
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The same probabilistic analysis can be used to record the difference between the NHEs of
EECP and the NHEs of standard care and the frequency of such errors (i.e. the proportion of
simulations in which standard care offers greater NHEs). The distribution of consequences
associated with these errors is illustrated in Figure 9. Commonly there are no consequences,
because EECP is the correct decision (i.e. there is a 42.8% chance of zero consequences).
However, when EECP offers lower NHEs than standard care (a 57.2% chance) there are
consequences in terms of NHEs forgone. Figure 9 illustrates that the consequences of errors
may be relatively small, for example 9% of the simulations have consequences of <5000 QALYs.
However, consequences may also be very large, for example there is a small chance (5.7%) that
they are >30,000 QALYs. The average over this distribution provides the correct estimate of the
expected consequences of uncertainty, which in this case is 9287 QALYs.4

These expected consequences can be interpreted as an estimate of the population NHEs over the
technology time horizon that could be gained if the uncertainty surrounding this decision could
be resolved immediately, that is, it indicates an expected upper bound on the benefits of more
research.'”'*" The consequences can also be expressed as the equivalent NHS resources required
to generate the same population NHEs (£185.7M in Table 18). They will increase with the size of
the patient population and the technology time horizon. In the case of EECP the consequences
fall with the cost-effectiveness threshold because a decision to approve EECP will be less
uncertain (see Table 18). A judgement at this point that more research might be worthwhile
seems reasonable because the upper bound on its potential benefits exceeds the likely costs.

Multiple alternatives

Similar analysis can be conducted when there are more than two alternatives but greater
difficulties are encountered unless the results of the PSA are used to assess both uncertainty

and its consequences. For example, in the CLOP case study, 12 months’ treatment with CLOP is
expected to be cost-effective but this is also uncertain. A judgement is required about the chance
that 12 months of treatment is incorrect and if so which of the other four alternatives are likely
to offer a higher NHE and how much higher. In other words, for decisions involving multiple
alternatives, a judgement is required on the level of uncertainty surrounding the decision, how
this uncertainty is distributed across the various alternatives and what the consequences are likely
to be. The results of the PSA can inform this judgement. The probabilities that each of the five
alternatives is cost-effective are reported in Table 19. This indicates that 12 months’ treatment is
uncertain (probability that it is incorrect is 0.476). However, much of this probability of error is
allocated to 6 months’ treatment with CLOP (0.18) for which the difference in NHE:s is likely to
be relatively modest.

The distribution of consequences is illustrated in Figure 10. Most commonly (52.4%) there

are no consequences because 12 months’ treatment with CLOP is the correct decision. When

it is not, there is a greater chance of relatively small consequences of error (30% are < 10,000
QALYs), which occur predominantly when 6 months’ treatment duration offers the highest
NHE (18% chance). There is a small chance of much larger consequences (< 5% chance that they
are >30,000 QALYs). These occur only when standard NHS treatment offers the highest NHE.
Overall, there is an almost 20% chance that NHS treatment offers a higher NHE, that is, there
remains important uncertainty about the cost-effectiveness of CLOP itself, not just the duration
of treatment. The expected consequence of uncertainty (5194 QALYs) is simply the average
over this distribution. Again, this 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. Therefore, like EECP, a judgement at this point that
more research might be worthwhile seems reasonable because the potential benefits exceed the
likely costs.
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TABLE 19 Expected consequences of uncertainty for CLOP

Cost-effectiveness threshold £20,000 per QALY

Cost-effectiveness threshold £30,000 per QALY

Expected Expected
ICER Incremental NHE,®  Probability consequences,  Incremental NHE,>  Probability consequences,

Treatment  (£/QALY) QALYs (EM) cost-effective QALYs (£M) QALYs (£M) cost-effective  QALYs (EM)
CLOP12 18,663  495(9.9) 0.524 5194 (103.9) 2798 (56.0) 0.677 3657 (109.7)
CLOPB 10,477 3465 (69.3) 0.180 4736 (94.7) 0.092

CLOP3 9396 3324 (66.5) 0.018 4305 (86.1) 0.009

CLOP1 4961 7502 (150.0) 0.075 8327 (166.5) 0.052

NHS - - 0.202 - 0.170

a The mean additional population NHE of moving from the least to the most effective alternative, that is, the incremental NHE of 12 months’
treatment compared with NHS care is the sum of these increments (14,786 QALY or £295.7M at £20,000 per QALY)

1.01
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0 4~CLOP1
. @ 3:-CLOP3
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0 10,000 20,000 30,000 40,000 50,000 60,000 80,000

Consequences (QALYSs)

FIGURE 10 Distribution of the consequences of uncertainty for CLOP.

Psoriatic arthritis provides a similar picture to that of CLOP, in which approval of the alternative
(etanercept), which is expected to be cost-effective, is uncertain (probability that approval is
incorrect is 0.557), but in this case most of this probability of error is associated with palliative
care (probability of 0.4 that it is cost-effective). Again, there is a greater chance of relatively small
consequences (19% are <28,000 QALYs), most of which occur when adalimumab has the highest
NHE, and a smaller chance of very large consequences (4.7% chance that they are >138,000
QALYs), which occur when palliative care offers the greatest NHE. The expected consequences of
uncertainty and the upper bound on the population NHE that might be gained by immediately
resolving uncertainty (35,342 QALYs or £707M over the technology time horizon) supports a
judgement that more research may be worthwhile.

Analysis of subgroups

Omalizumab was not expected to be cost-effective based on existing evidence. The ICER in

Table 13 was substantially greater than the threshold and a decision to reject this technology
does not appear uncertain. This judgement is supported by the results of PSA (the probability
that OMAL is cost-effective is zero in Table 20). Therefore, a decision to reject (‘Reject® in the
algorithm) is not uncertain; there are no consequences of uncertainty and nothing to be gained
by more research. However, it is possible to consider a high-risk subgroup within this population.
Subgroups, once credibly defined, need to be considered in the same way, starting at point 1

on the checklist, that is, entering at the top of the algorithm (see Appendix 6, Is further research
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xpected consequences of uncertainty for OMAL

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY

Incremental Expected Expected
ICER NHE, QALYs Probability consequences, Incremental Probability consequences,

Treatment (£/QALY) (EM) cost-effective  QALYs (£) NHE, QALYs (EM) cost-effective  QALYs (£)
Severe population
OMAL +standard 93,844 -5789 (-116) 0.0 0 —-3337 (-100) 0.0 0.0
care
Standard care - 1.0 - 1.0
High-risk subgroup
OMAL +standard 69,463 —-3851 (-77) 0.0 0 —2048 (-61) 0.013 10.61 (0.32)
care
Standard care - 1.0 - 0.987

© Queen’s Printer

required?, Subgroups). Although the ICER for this high-risk subgroup is somewhat lower, it is
still significantly higher than the threshold. The results of PSA suggest that even at a threshold
of £30,000 the probability that OMAL is cost-effective is very small and the upper bound on
the gains from more research are very limited (10.61 QALYs). Therefore, even after an analysis
of subgroups OMAL is not expected to be cost-effective and more research does not seem
worthwhile. OMAL can be rejected at this point and no further assessment is required.

Alternative scenarios

There are often alternative views about the quality and relevance of evidence as well as other
assumptions that might be made when estimating expected costs and QALYs. These are
commonly presented as separate scenarios, with estimates of costs and QALY presented for
each. Much of the deliberation by the Appraisal Committee often surrounds the scientific
value judgements required to judge the credibility of the alternative assumptions represented
by the scenarios. The type of probabilistic analysis reported represents the uncertainty within
each scenario and will be sufficient to indicate the potential benefits of research when only
one scenario is regarded as credible. However, when more than one scenario might be credible
and carry some ‘weight, there will be uncertainty between as well as within scenarios. The
‘weighting’ of scenarios can be made explicit by assigning probabilities to represent how
credible each is believed to be. The weighted average of costs and QALY's across scenarios can
easily be calculated (see Appendix 6, Is further research required?, Alternative scenarios). It is
also tempting to take a simple weighted average of the expected consequences of uncertainty
across these scenarios as well. However, a simple weighted average may under- or overestimate
the combined consequences of uncertainty within and between scenarios (see Appendix 11,
Why averaging scenarios may be misleading).'* The correct estimate requires the probabilities

(weights) to be applied directly to the simulated output from PSA rather than to the mean values.

Although this does not require additional simulation and is quick and easy to implement, it does
require either that the probabilities are made explicit in advance or that estimates be presented
for a range of probabilities that might represent the judgement of the Appraisal Committee
following deliberation.

For example, the CLOP analysis presented above assumes a constant relative treatment effect for
different durations of treatment (scenario A). An alternative assumption (scenario B) was that
the relative treatment effect also differed by duration based on the data reported in the Scottish
Intercollegiate Guidelines Network (SIGN) guidelines. This alternative assumption made longer
durations less cost-effective and reduced the expected consequences of uncertainty from 5195 to
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Probability of choosing scenario A

0.5 4

3969 QALYs. Although scenario A was regarded as more credible by the Appraisal Committee,
scenario B might nevertheless carry some weight or have some probability associated with

it. In this case the simple weighted average of expected consequences (linear combination of
mean estimates) is very similar to the correct estimate based on weighting the output of PSA in
Figure 11. This also shows how these estimates can be presented for a range of probabilities.

An alternative assumption of a common class effect across the three biologics was considered
in the PsA case study (scenario B) but was judged less credible than the analysis that allowed
differential effects (scenario A). The alternative scenario made etanercept less likely to be cost-
effective and increased the expected consequences of uncertainty from 34,930 to 38,521 QALYs
(Figure 12). In this case a simple weighted average of expected consequences based on the
probability assigned to each scenario is, in general, lower than the correct estimate of expected
consequences based on the output from PSA.

Elicitation

The single RCT of EECP showed evidence of improvements in quality of life at 12 months;
however, the degree to which these are sustained in the long run is uncertain. Rather than make
alternative assumptions and present extreme scenarios, formal elicitation of the judgement of
clinical experts about the likelihood of QALY gains in subsequent years was undertaken.® The
uncertainty in these elicited values is included in the estimates of the expected consequences of

121
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FIGURE 11 Expected consequences of uncertainty with alternative scenarios: CLOP case study.
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FIGURE 12 Expected consequences of uncertainty with alternative scenarios: PsA case study.
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uncertainty reported in Table 18, which might otherwise have been represented by alternative
scenarios, for example no QALY benefits beyond 12 months could be assumed for scenario

A, benefits sustained for a patients lifetime for scenario B and benefits sustained for 4 years

for scenario C. The results of elicitation implied probabilities of 0.243, 0.353 and 0.404
associated with each of these scenarios, respectively. A simple weighted average of the expected
consequences within each scenario using these probabilities (1442 QALYs) significantly
underestimates both the estimate of expected consequences based on all of the information
from elicitation (9287 QAYs) and the estimate based on weighting scenarios using the simulated
output rather than the mean estimates (13,081 QALYs). This illustrates that (1) a simple weighted
average of expected consequences may be misleading and (2) elicitation may provide a richer
characterisation of uncertainty as well the probabilities associated with alternative assumptions
(see Appendix 11, Why averaging scenarios may be misleading for further discussion).

Point 4: Is research possible with approval?
The fourth point on the checklist requires an assessment of what type of evidence is needed and a
judgement of whether the research required to generate it can be conducted while the technology
is approved, that is, at the following point in the algorithm:

( What type of evidence is needed? )

Is the
research possible with
approval?

No

Although the decision at this point does not lead directly to guidance, it does determine whether
AWR or OIR is a possibility. This judgement will depend, in part, on whether the type of evidence
that is needed will require an experimental research design. For example, more precise estimates
of relative treatment effect are likely to require a RCT if the dangers of selection bias are to be
avoided; however, further RCTs for this particular indication and patient group are unlikely to be
possible once a technology is approved for widespread NHS use.

This requires judgements about (1) how important particular types of parameters (inputs to
the economic model) are to estimates of cost and QALYs, (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 if the uncertainty in the values of
these parameters could be immediately resolved (see Appendix 6, Is the research possible if the
intervention is approved?).

Assessing the importance of parameters

The type of economic model used to estimate expected cost-effectiveness in NICE appraisal
specifies the relationship between the inputs (the parameters) and the outputs (costs and QALYs).
A simple summary of the direction and strength of these relationships can be provided by
calculating elasticities for each, that is, the proportionate change in the NHE of each alternative,
and differences in NHE, owing to a 1% change in the value of the parameter, for example those
parameters with high elasticities (especially with respect to differences in NHE) might be
regarded as more ‘important. These elasticities are presented for the CLOP case study in Table 21.
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They give some indication of (1) the relative importance of parameters for certain comparisons
(e.g. RR_death seems particularly important for all comparisons), (2) those parameters that are
of no or very limited importance (e.g. parameters 1-6 in the comparison of 12 and 6 months’
treatment) and (3) the direction of the relationship (e.g. the elasticity for C_Well is negative
indicating that if the costs of NHS care in the well state are greater, then 12 months’ treatment
will be less cost-effective than 6 months’ treatment or current NHS care).

Although these measures of importance are more instructive than a series of arbitrary one-way
sensitivity analyses, they do not directly help the assessment of what values parameters must

take to change decisions and how likely such values might be. A simple summary of the values
that particular parameters must take to make each of the alternatives cost-effective can also

be provided. These ‘threshold values’ for parameters are presented for the CLOP case study in
Table 22. This provides additional information to the elasticities in Table 21, for example there are

TABLE 21 Elasticities associated with parameters: CLOP case study

Elasticity over the incremental

Elasticity over the NHEs (QALYs) of NHEs (QALYs) of
CLOP12  CLOP12 CLOP12
Parameter CLOP12  CLOP6 CLOP3 CLOP1 NHS vs NHS vs CLOP6  vsall®
Natural history 1 P_die_0.1 -0.208 -0.207 -0.207 -0.207 -0.222 0.014 - 0.003
2 P_NFMI_0A1 -0.012 -0.012 -0.011 -0.011 -0.015 0.004 - -
3  P_die_1.3 -0.137 -0.137 -0.137 -0.147 -0.145 0.008 - 0.004
4 P_NFMI_1.3 -0.002 -0.002 -0.002 -0.002 -0.002 0.001 - -
5 P_die_3.6 -0.146 -0.146 -0.157 -0.157 -0.154 0.008 - 0.007
6  P_NFMI_3.6 -0.005 -0.005 -0.007 -0.007 -0.007 0.002 - 0.001
7 P_die_6.12 -0.148 -0.159 -0.158 -0.157 -0.155 0.007 0.011 0.010
8 P_NFMI_6.12  -0.005 -0.007 -0.007 -0.007 -0.007 0.002 0.002 0.002
9 TP_AC -0.121 -0.120 -0.120 -0.120 -0.118 —-0.003 —0.001 —-0.002
10 TP_AD -3.637 -3.622 -3.604 -3.594 -3.541 -0.096 -0.016 -0.047
11 TP_CD —0.233 —0.235 -0.239 —0.240 —0.253 0.020 0.002 0.009
12 TP_BD -0.586 -0.593 -0.602 -0.605 -0.641 0.055 0.007 0.024
Utilities 13 U_Well 0.746 0.745 0.743 0.742 0.737 0.009 0.001 0.004
14 U_Welll 6.090 6.064 6.034 6.017 5.929 0.160 0.026 0.079
15 U_NFMI 0.133 0.134 0.136 0.136 0.144 —0.011 —0.001 —0.005
16 U_PostMI 1.138 1.150 1.165 1171 1.236 -0.099 -0.012 -0.043
Relative effect 17 RR_death -0.639 -0.491 —0.344 -0.207 - —0.641 -0.150 -0.380
18 RR_NFMI —-0.024 -0.018 -0.013 -0.011 - -0.025 -0.006 -0.014
Costs 19 C_Well -0.740 -0.737 -0.733 -0.731 -0.720 -0.019 -0.003 -0.009
20 C_MLLT -0.051 -0.052 -0.053 -0.053 -0.056 0.004 0.001 0.002
21 C_PostMI -0.142 -0.143 -0.145 -0.146 -0.154 0.012 0.002 0.005
22 TC_Well_Dead  -0.027 -0.027 -0.027 -0.027 -0.027 - - -
23 C_t -0.045 - - - - -0.045 -0.045 -0.045
24 C_t2 - -0.033 - - - - 0.033 0.008
25 C_t3 - - -0.026 - - - - 0.007
26 C_t4 - - - —0.022 - - - 0.005
27 C.t5 - - - - -0.016 0.016 - 0.004

C, cost; NFMI, non-fatal myocardial infarction; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual transition

probabilities between states [well (A), post MI (B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U, utility.

a A weighted average of the NHEs of the remaining treatments was used. The weights reflect the probabilities of each treatment being cost-
effective.
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TABLE 22 Thresholds associated with parameters: CLOP case study

Parameter Mean value  CLOP12 CLOP6 CLOP3 CLOP1 NHS
Natural 1 P_die_0.1 0.032 0t00.10 0.11t00.54 05410 0.63 0.63t01 -
history 2 P_NFMI_0.1 0.040 0t00.14 0.14100.71 0.71100.82 0.82t01 -
3 P_de_13 0.022 0t00.10 0.10t0 0.55 0.55t0 1 - -
4 P_NFMI_1.3 0.004 0t00.10 0.10t0 0.7 0.7t01 - -
5 P_die_3.6 0.023 00110010 0.10t01 010 0.01 - -
6 P_NFMI_3.6 0.011 0t00.11 0.11to1 - - -
7 P_die_6.12 0.024 0.0210 1 010 0.02 - - -
8  P_NFMI_6.12 0.009 0.005t0 1 0to 0.005 - - -
9 TP_AC 0.018 010 0.06 0.06 t0 1 - - -
10 TP_AD 0.072 0t00.08 0.08100.10 - - 0.10to 1
11 TP_CD 0.188 0.12to0 1 0t00.12 - - -
12 TP_BD 0.07 0.06t0 1 0.04 t0 0.06 - - 0t00.04
Utilities 13 U_Well 0.798 02910 1 0100.29 - - -
14 U_Well 0.930 0.90to 1 0.74100.90 - - 0t00.74
15 U_NFMI 0.801 Oto1 - - - -
16 U_PostMI 0.931 Oto1 - - - -
Relative effect 17  RR_death 0.931 01t00.93 0.94100.97 09710098 0981t0.99 1.00 to max.?
18  RR_NFMI 0.710 0100.82 0.8310 1.55 15610183 - 1.84 to max.2
Costs 19 C_Well 2061.5 0o 2690 2690 to 5611 - - 5611 to max.2
20  C_MI_LT 6050 0 to max.? - - - -
21 C_PostMI 2309.7 870tomax? 010870 - - -
22 TC_Well_Dead 8715 0t020,474  20,474tomax? — - -
23 (.t 895.1 0t0 910 910 to max.2 - - -
24 C_t2 651.6 630 tomax2  0to 630 - - -
25 C_t3 524.2 370 to max.2 - 0to 370 - -
26 C_t4 434.8 150 to max.2 - - 0to 150 -
27 C_tb 329.8 0 to max. - - - -

C, cost; max., maximum; NFMI, non-fatal myocardial infarction; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual
transition probabilities between states [well (A), post Ml (B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U,

utility.

a An upper bound was used in evaluating unbounded parameters: relative risk parameters were evaluated to a maximum value of 50 and cost
parameters were evaluated to a maximum value of £100,000.

only six parameters that could possibly take values that would lead to current NHS care (without
CLOP) generating higher NHEs than 12 months of treatment with CLOP. However, although
instructive, such ‘threshold values’ do not indicate how likely it is that the threshold will be
crossed or the combined effect of groups of related parameters.

Assessment of uncertainty

The judgement about how likely it is that parameters might take values that will change the
technology expected to be cost-effective can be informed by the results of PSA. This is because
the distributions assigned to parameters in PSA describe how uncertain the parameter estimates
are, such that they ought to reflect the amount and quality of existing evidence. The probabilities
that parameters might take values that would lead to each of the alternatives being cost-effective
are reported for the CLOP case study in Table 23. This essentially decomposes the overall
probabilities reported in Table 19 into the contribution that each parameter makes.' Interestingly,
it indicates that it is uncertainty in the estimate of relative effect (RR_death) that contributes
most to the probability of error associated with 12 months of treatment. It is the only parameter
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TABLE 23 Probabilities associated with parameter values: CLOP case study

Parameter CLOP12 CLOP6 CLOP3 CLOP1 NHS
Natural history 1 P_die_0.1 1 - - - -
2 P_NFMI_0.1 1 - - - -
3 P_die_1.3 1 - - - -
4 P_NFMI_1.3 1 - - - -
5 P_die_3.6 1 - - - -
6 P_NFMI_3.6 1 - - - -
7 P_die_6.12 0.65 0.35 - - -
8 P_NFMI_6.12 0.91 0.09 - - -
9 TP_AC 1 - - - -
10 TP_AD 0.83 017 - - -
11 TP_CD 1 - - - -
12 TP_BD 0.85 0.15 - - -
Utilities 13 U_Well 1 - - - -
14 U_Well1 0.94 0.06 - - -
15 U_NFMI 1 - - - -
16 U_PostMI 1 - - - -
Relative effect 17 RR_death 0.55 0.18 0.01 0.10 0.16
18 RR_NFMI 0.97 0.03 - - -
Costs 19 C_Well 0.78 0.19 - - 0.03
20 C_MI_LT 1 - - - -
21 C_PostMI 0.89 0.11 - - -
22 TC_Well_Dead 1 - - - -
23 C_t1 0.95 0.05 - - -
24 C_t2 0.99 0.01 - - -
25 C_t3 1 - - - -
26 C_t4 1 - - - -
27 C_t5 1 - - - -

C, cost; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual transition probabilities between states [well (A), post M
(B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U, utility.

that (alone) might take values that could make any of the other alternatives cost-effective. It is
also worth noting that there is a very small chance that cost in the ‘well state’ (C_Well) might be
sufficiently high that standard NHS care would be cost-effective (i.e. a 3% chance that the cost of
this state exceeds the threshold value of £5611 required for standard NHS care to have the highest
NHE). In other words, if the NHS costs associated with the ‘well state’ are higher than the mean
value then any cost savings associated with moving more patients more quickly to the well state
[and thus avoiding the costs of additional events such as non-fatal myocardial infarction (NFMI)]
will tend to be lower.

What type of evidence is needed?

Although an understanding of uncertainty and the importance of parameters separately is
helpful, an assessment of the likely consequences of this uncertainty, and therefore what might
be potentially gained in terms of population NHEs if uncertainty could be immediately resolved,
is required. This assessment can directly inform the judgement of what evidence is needed and
whether or not the type of research required to generate it will be possible with approval. As in
the previous section on whether or not more research seems worthwhile, the results of PSA can
inform this judgement as estimates of the expected consequences of uncertainty associated with
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each parameter combine both uncertainty in its potential values and its importance in terms of
changing decisions and the resulting differences in NHEs (see Appendix 6, What type of evidence
is needed?). The expected consequences of uncertainty associated with each parameter in the
CLOP case study are reported in Table 24. This decomposes the overall expected consequences
reported in Table 19 into the contribution that each parameter makes. It also identifies which
of the alternatives to 12-month treatment might offer a higher NHE." Table 24 confirms that it
is uncertainty in the estimate of relative effect (RR_death) that contributes most and for which
there is potentially the most to be gained by resolving this uncertainty through additional
research (4433 QALYs or £88.7M). Since more precise estimates of relative effects are likely to
require a RCT, a judgement that the type of research needed will not be possible if a 12-month
treatment duration is approved may be reasonable. However, the potential benefits of resolving
the uncertainty associated with other groups of parameters, for example costs (547 QALYs

or £10.9M) and the natural history (369 QALYs or £7.4M), might mean that other types of

TABLE 24 Consequences of uncertainty associated with parameter values: CLOP case study

Expected consequences (QALYS)

Decomposed by treatment choice

Parameter CLOP12 CLOP6 CLOP3 CLOP1 NHS Overall
Natural history? 1 P_die_0.1 0 - - - - 0
2 P_NFMI_0.1 0 - - - - 0
3 P_die_1.3 0 - - - - 0
4 P_NFMI_1.3 0 - - - - 0
5 P_die_3.6 0 - - - - 0
6 P_NFMI_3.6 0 - . - - 0
7 P_die_6.12 0 250 - - - 250
8 P_NFMI_6.12 0 9 - - . 9
9 TP_AC 0 - - - - 0
10 TP_AD 0 47 - - - 47
1 TP_CD 0 - - - - 0
12 TP_BD 0 35 - - - 35
Utilities? 13 U_Well 0 - - - - 0
14 U_Well1 0 10 - - - 10
15 U_NFMI 0 . - - - 0
16 U_PostMI 0 - - - - 0
Relative effect? 17 RR_death 0 284 16 518 3614 4433
18 RR_NFMI 0 3 - - - 3
Costs? 19 C_Well 0 153 - - 321 474
20 C_MI_LT 0 - - - - 0
21 C_PostMI 0 8 - - - 8
22 TC_Well_Dead 0 - - - - 0
23 C_t1 0 8 - - - 8
24 C_t2 0 0 - - - 0
25 C_t3 0 - - - - 0
26 C_t4 0 - - - - 0
27 C_t5 0 - - - - 0

C, cost; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual transition probabilities between states [well (A), post M

(B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U, utility.

a Expected consequences for groups of parameters are (1) natural history: 369 QALYs (£7.4M); (2) utilities: 15 QALYs (£0.3M); (3) relative
effect: 4504 QALYs (£90.1M); (4) costs: 547 QALYs (£10.9M). These are not equal to the sum of expected consequences for component
parameters for the reasons explained in Chapter 5, notes p and g.
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cheaper, non-experimental research could be worthwhile as well or might be conducted before
commissioning potential expensive experimental research that may take some time to complete
and report.B3"

The full results tables for the other case studies are provided in Appendices 7, 9 and 10. In
summary, the EECP case study provides a similar pattern of results with the most significant
consequences of uncertainty associated with parameters related to relative treatment effect,
suggesting that the research needed might not be possible following approval of EECP.
Interestingly, although the probability of sustaining the QALY benefits of EECP in the long run is
very uncertain, the greater potential value is in more precise estimates of QALY gains in the first
12 months (8511 QALYs or £170M, respectively).

With regard to the PsA case study, on the other hand, the greater potential value is associated
with uncertainty over the natural history of Health Assessment Questionnaire (HAQ)
progression (8697 QALYs or £17.4M) rather than relative treatment effect (1201 QALY or
£2.4M). Although this might suggest that AWR, which recommended research on HAQ
progression, is possible and worthwhile, the combined potential benefit of resolving uncertainty
associated with natural history [both in HAQ and Psoriatic Arthritis Response Criteria (PsARC)]
and treatment effect together is much greater than the ‘sum of its parts’” This suggests that both
types of research could be conducted while etanercept continues to be approved but infliximab
and adalimumab are not, that is, a possible OIR rather than reject for infliximab and adalimumab
but AWR for etanercept.

Implications of between-scenario uncertainty

In Point 3: Does more research seem worthwhile?, Alternative scenarios the contribution that
alternative scenarios might make to the overall expected consequences of uncertainty and
therefore the potential gains from further evidence was considered and discussed. In situations
in which more than one scenario might be regarded as credible there will be uncertainty between
as well as within each of the scenarios. It was demonstrated that an assessment of the combined
consequences of both sources of uncertainty requires ‘weights’ (probabilities) to be assigned to
represent their credibility, which can then be applied directly to the simulated output from PSA
(see Appendix 11, Why averaging scenarios may be misleading). However, the same analysis can
also be used to identify the expected consequences of uncertainty associated with the alternative
scenarios themselves, that is, what might be gained if evidence could immediately distinguish
which scenario was ‘true’ This can help to inform the assessment of what type of evidence
might be needed and whether the research required to generate it is likely to be possible once a
technology is approved for widespread NHS use.

For example, in the CLOP analysis, scenarios A and B (treatment effect was constant or
differed by treatment duration, respectively) were associated with expected consequences of
uncertainty of 5195 and 3969 QALYs, respectively. If both scenarios were regarded as equally
likely, the overall expected consequences of uncertainty (combining consequences within and
between scenarios) would be 4667 QALYs. However, the expected consequences of uncertainty
associated with the two alternative scenarios themselves and what might be potentially gained if
the uncertainty between them could be immediately resolved is relatively modest at 85 QALYs,
that is, most of what might be gained from further evidence is associated with the parameters
in Table 24 rather than the alternative scenarios. This suggests that more evidence about overall
relative effect on mortality is more important than resolving uncertainty about whether or not
such an effect differs by treatment duration.
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In the EECP case study, formal elicitation of the judgement of clinical experts about whether

or not observed QALY gains at 12 months are likely to be sustained in subsequent years was
undertaken. Because the uncertainty in these elicited values was incorporated into the analysis
in the same way as for other parameters, the use of alternative scenarios was not necessary.
However, in Point 3: Does more research seem worthwhile?, scenarios were used to illustrate the
type of analysis that, without elicitation, might otherwise have been required. The scenarios
included A, no QALY benefits beyond 12 months; B, benefits sustained for a patients lifetime;
and C, benefits sustained for 4 years. The results of elicitation implied probabilities of 0.243,
0.353 and 0.404 associated with each of these scenarios, respectively. Based on these ‘weights’ for
each scenario the overall expected consequences of uncertainty (combining the consequences
within and between scenarios) would be 14,146 QALYs. In this case the expected consequences
of uncertainty between the scenarios (13,202 QALYs) are much greater than what might be
potentially gained from resolving the uncertainty within each scenario (1765 QALYs). Therefore,
unlike in the CLOP case study, most of what might be gained from further evidence about EECP
(in the absence of formal elicitation) would be evidence that could help distinguish between the
scenarios rather than the parameters associated with each.

Do the benefits of research exceed the costs?

The judgements made at points 5 and 6 of the checklist are critical because if the benefits of
research are not judged to exceed the costs then no further assessment are required (unless there
are significant irrecoverable costs; see Table 32 in Appendix 4). If they are judged to exceed the
costs and research can be conducted with approval then AWR would be appropriate. However,
other sources of uncertainty need to be assessed first because they will influence the potential
benefits of research and, even when research is not conducted, they will also influence the
appropriate category of guidance when there are significant irrecoverable costs.

Point 5: Will other sources of uncertainty resolve over time?
The fifth point on the checklist requires an assessment of whether or not changes are likely to
occur in the future that will influence the cost-effectiveness of the alternative technologies and
the potential benefits of research, that is, at the following point in the algorithm:

(Assess other sources of uncertainty)

Will this
uncertainty be resolved
over time?

No

The judgement made at this point will influence the potential benefits of research and therefore
subsequent decisions that lead directly to a particular category of guidance (see point 6 below).
Even when research was not considered worthwhile (at point 3) the presence of other sources of
uncertainty will determine whether or not significant irrecoverable costs are likely to influence
the category of guidance. In some circumstances it can lead directly to guidance, that is, if there
are no other sources of uncertainty even significant irrecoverable costs will have no influence and
a technology that is expected to be cost-effective can be approved:
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Assessment 1 2 3 4 5 6 7 Guidance

Pathway { 29 Yes Yes No - No - - Approve'?
number

This assessment requires information about (1) changes in prices of the technology and its
comparators, (2) the emergence of new technologies that might make existing ones obsolete or
change their cost-effectiveness and (3) other relevant research reporting (see Appendix 6, Impact
of other sources of uncertainty). A number of potential sources of information and evidence were
examined to inform this assessment for each case study (see Appendix 4 for the full details of the
sources and searches conducted). However, many potentially useful sources were proprietary

or public access was restricted, making it surprisingly difficult to inform these assessments with
publically available information. When information and estimates were available they were often
not directly relevant to a UK context.

Changes in the prices of the technology and its comparators

Changes in prices influence not only expected cost-effectiveness but also uncertainty and the
potential benefits of research to future patients, for example if the price of a technology expected
to be cost-effective is likely to fall significantly just before research reports the potential benefits
will not be realised because approval of the technology will be less uncertain and there may be
much less or little to gain from the results of the research. This assessment requires information
about when major changes in prices are likely and some evidence about the likely extent of the
changes. A major event in the life cycle of a pharmaceutical technology is the date at which the
patent expires and cheaper generic versions of the brand become available. Although the date

of patent expiry is, of course, known, it is surprisingly difficult to obtain the relevant date for
particular products in the UK from publically available sources. Evidence of the extent to which
the prices of generic versions are below the original brand price is also difficult to obtain and
likely to differ by health-care system, type of technology, indication and time since patent expiry.
Therefore, the estimate reported by the OFT that, on average, generic prices tend to be 25% of the
original price was used in the subsequent analysis."

At the time of TA80'* the patent for CLOP was expected to expire 7 years later and subsequent
analysis assumes that at that time equivalent generic prices will be 25% of the original price

of CLOP at the time of TA80. Although it was possible in the PsA case study to find patent
expiry dates for etanercept (Enbrel®, Wyeth), infliximab (Remicade®, Schering-Plough) and
adalimumab (Humira®, Abbott) in the USA (2012, 2014 and 2017, respectively), they were not
available for the UK on the national patent database (Intellectual Property Office). It is even more
difficult to locate patent information relevant to devices such as EECP because a device may

only have a CE mark, which, unlike a patent, does not offer protection and can be renewed every
10 years. Any patent is likely to relate to some aspect of the device rather than the device itself.
Although prices may change over time they can also be relatively stable but with incremental
innovation of the original device. Again, this is likely to differ by health-care system, technology
and indication. For these reasons future changes in prices are only quantitatively explored in the
subsequent analysis of the CLOP case study in Point 6: Are the benefits of research greater than the
costs?. There is a need to consider how access to the type of information required during NICE
appraisal can be provided and how estimates of likely changes in prices relevant to the UK can be
made readily available if these assessments are to be routinely made.

Entry of new technologies

The entry of a new technology will tend to change the relative cost-effectiveness of the
alternatives, influencing how uncertain a decision to approve the original technology will

be for future patients and the potential gains from research. For example, the entry of a new
technology may make the existing technology that is expected to be cost-effective obsolete (no
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longer the most cost-effective alternative) or may make it more cost-effective and decisions less
uncertain when used in combination with the new technology. A number of potential sources
of information were examined to identify new technologies relevant to the indications that were
likely to become available. These included a variety of sources related to NICE topic selection,
information about licence applications and clinical research in phases I, IT and III as well as
evidence of the probability that earlier phase research leads to entry (probability of successful
licence) and the likely time of entry (time to launch from initiating phases I, I and III research).
Again, this information and evidence is fragmented, and in some cases restricted, for example
NIHR Horizon Scanning Centre. Nevertheless, the information that was available indicated that
one new technology relevant to CLOP and one relevant to PsA might have been expected to
enter. Information about these technologies was limited and so scenarios are used to explore the
implication for CLOP and PsA in Point 6: Are the benefits of research greater than the costs?.

Other research reporting of the technology and its comparators

Research that is already under way, commissioned or likely to be undertaken, whether in the
UK or elsewhere, is relevant for two reasons: first, if it is research based in the UK then guidance
might impact on recruitment and the successful completion of this research (see Point 7: Are

the benefits of approval greater than the costs?); second, when this research reports that there is

a chance that it will change the estimates of cost-effectiveness and resolve some of the current
uncertainties. In other words, there is little to be gained by recommending OIR or AWR if the
uncertainty is likely to be resolved in the near future when other research reports. A number

of potential sources of information were examined to identify clinical research under way at

the time of the relevant appraisal, including national and international trial registries and other
databases that report NHS-funded research and not just clinical trials (e.g. National Research
Register and UK Clinical Research Network). Despite an assiduous search no records relevant to
the case studies were identified. This may suggest that no other research was ongoing or expected
for these comparators in these indications, or it may indicate that currently available sources are
fragmented, incomplete and/or difficult to access.

Point 6: Are the benefits of research greater than the costs?
The sixth point on the checklist requires a reassessment of the potential benefits of conducting
further research that were initially considered at point 3, and a judgement of whether the benefits
of research are likely to exceed the costs, that is, at the following point in the algorithm:

Will research be conducted?
When will it be available?
How much will be resolved?

I
[ Reassess the benefits and costs ]

of further research

Are the
benefits of research greater
than the costs?

No

A judgement about whether or not the potential benefits of research identified earlier (see Is
further research required?) will be realised requires an assessment of (1) whether or not the type
of research that is required is likely to be conducted, (2) if conducted, when the results are likely
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Pathway
number

to be available, (3) how much uncertainty is likely to be resolved and (4) the likely impact of the
other sources of uncertainty identified in Point 5: Will other sources of uncertainty resolve over
time? on the longer-term benefits of research (see Will the research be conducted?, How long until
the research reports?, How much of the uncertainty will the research resolve? and How do other
sources of uncertainty impact on the need for evidence?, Appendix 6, respectively).

The decision at this point may not necessarily lead directly to guidance, for example when the
benefits of research exceed the costs but research is not possible with approval or there are
significant irrecoverable costs. Which category of guidance will ultimately be appropriate will
depend on whether or not the benefits of approval are judged to exceed the costs, that is, point
7 of the checklist (see next section). However, in many other circumstances the decision at this
point will lead directly to a particular category of guidance. These circumstances or pathways
through the algorithm are detailed below (extracted from Table 32 in Appendix 4):

Assessment 1 2 3 4 5 6 7 Guidance
1 Yes No Yes Yes Yes/no Yes - AWR'

2 Yes No Yes Yes Yes/no No - Approve'
5 Yes No Yes No Yes/no No - Approve®
7 No No Yes Yes Yes/no Yes - OIR?

8 No No Yes Yes Yes/no No - Reject’

11 No No Yes No Yes/no No - Reject®
19 Yes Yes Yes Yes No No - Approve®
26 Yes Yes Yes No No No - Approve'®
30 No Yes Yes Yes Yes/no Yes - OIR”

31 No Yes Yes Yes Yes/no No - Reject?
34 No Yes Yes No Yes/no No - Reject'®

The expected consequences of uncertainty reported in Point 3: Does more research seem
worthwhile? represented the NHE that could be gained over the lifetime of the technology if the
uncertainty surrounding the decision based on expected cost-effectiveness could be immediately
and completely resolved. This represents an upper bound on the potential benefits of research for
a number of reasons: (1) research, although recommended, might not be commissioned and/or
recruit and report, (2) any research will take some time to complete before results are available
and (3) not all of the uncertainty is likely to be resolved. In addition, future events (identified in
Point 5: Will other sources of uncertainty resolve over time?) might change the NHE expected to
be gained by future patient populations. Finally, the expected benefits of research once properly
reassessed must be compared with the likely costs.

Will the research be conducted?

Even if research is recommended in OIR or AWR it might not be undertaken by manufacturers
or commissioned by research funders. Even if undertaken or commissioned there is no guarantee
that research will be able to recruit or it may not complete for other reasons (see Appendix 6,

Will the research be conducted?). The expected consequences of uncertainty for CLOP and

EECP reported in Point 3: Does more research seem worthwhile? are illustrated in Figures 13 and
14, respectively, for a range of probabilities that research will be successfully undertaken. This
indicates that the potential gains depend on a judgement of whether the research recommended
as part of OIR or AWR will be successfully completed. This also illustrates that the cost of
research (in this case considered to be either £1.5M or £10M) can be compared directly with the
potential benefits by either (1) expressing the potential gains in population NHE as the equivalent
NHS resources (i.e. the resources that would be required to generate the same NHE) or (2)
expressing the cost of research in terms of the QALY that could be gained elsewhere in the NHS
by using the same resources to provide access to health care.
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FIGURE 13 Expected potential benefits of research: CLOP case study.
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FIGURE 14 Expected potential benefits of research: EECP case study.

When will it be available?

Research, even if commissioned and successfully completed, will take time to commission,
complete and report. Therefore, any assessment of the potential benefits should account for the
fact that patient populations will not benefit from the results of research until they are available
and change clinical practice.” Whether or not those patients who are prevalent while research is
under way will be able to benefit from the results will depend on whether treatment decisions for
presenting patients are irreversible or not (see Point 2: Are there significant irrecoverable costs?). If
treatment decisions are irreversible, for example in the CLOP case study, it is only those patients
incident after the research reports who will realise any of the potential benefits. In contrast,
treatment decisions in EECP are not irreversible (it is a chronic condition) and so, although
patients prevalent while research is undertaken will not benefit immediately, those who survive
can benefit from the results once the research is completed. How long research might take to
report will depend in part on the design (follow-up, sample size and end points), recruitment
rate and size of the eligible patient population, as well as on how efficient the organisation and
data collection might be. The potential value of research in CLOP and EECP over a range of
possible time horizons is reported in Figures 15 and 16, respectively. In both cases the potential
value of further research declines with increase in time to research reporting. This relationship
gives some indication of the value of improving the timeliness of research through, for example,
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investment in research infrastructure or adopting a research design that, although offering
less potential benefits, can be conducted more quickly. It also indicates the value of efforts
to ensure that any revised NICE guidance following OIR or AWR is more quickly and more
completely implemented.

How much will be resolved?

Most research will not inform all of the parameters that determine expected cost and QALY but
usually a subset of them. Therefore, the potential benefits of research that might be conducted
will not be the total expected cost of uncertainty surrounding expected cost-effectiveness but
some part of it (see Appendix 6, What type of evidence is needed?). In Assesstment of uncertainty
the potential benefits of different types of evidence were assessed. In the CLOP case study it
was additional evidence about relative treatment effects that was most valuable and therefore
experimental research may be required to provide a more precise estimate of RR_death. The
potential value of research that resolved only uncertainty about this relative treatment effect
over a range of times to report is also represented in Figure 15 (denoted by the legend ‘resolve
uncertainty in RR_deatly). Although the potential value of research is lower at every time point,
unless research is likely to take more than 8 years the potential value is still likely to exceed the
costs. In the EECP case study there was most benefit to be gained by resolving the uncertainty
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in the improvement in quality of life at 12 months, which in common with the CLOP case study
is likely to require an experimental research design. Figure 16 represents the potential benefits
of alternative trial designs with either 1 or 4 years of follow-up (1-, 2-, 3- and 4-year follow-up
designs were evaluated; see Appendices 7-10). Although longer follow-up offers greater potential
benefits they are relatively small compared with the loss of potential value if longer follow-up
delays the time until research findings are available, that is, a 4-year design will require a
minimum of 4 years to complete. Again, as long as research reports before 8 years the potential
benefits are likely to exceed the costs.

What is the impact of other sources of uncertainty?

In Point 5: Will other sources of uncertainty resolve over time? the information that was publically
available identified that the patent for CLOP was due to expire 7 years after the appraisal. Based
on the OFT estimate that generic prices tend to be 25% of the original brand price, this other
source of uncertainty can be integrated quantitatively when estimating the potential value of
research over the lifetime of the technology. In this case a significant fall in price in year 7 will
substantially reduce the uncertainty surrounding 12 months of treatment with CLOP. Therefore,
after year 7 there is less to be gained from resolving uncertainty and so the potential and value

of research findings for patients incident after year 7 are reduced. The effect of a price change on
research that could potentially resolve uncertainty in cost, natural history and utilities as well as
relative effect is also illustrated in Figure 15. The potential value of the research is lower whenever
the research reports because it includes the value to future as well as current patient populations.
Nevertheless, even if research did not report until 7 years the potential value is likely to exceed
the costs. The expected price reduction reduces the potential value of research at each time point,
for example, from 174,519 QALYs when research is immediately available (see Figure 17) to
165,701 with a price change at year 7.

There was some evidence of possible entry of a new technology (comparator) in the indication
described in the CLOP case study. However, there was limited information on its characteristics.
Therefore, two alternative but somewhat extreme scenarios are illustrated in Figure 17. In
scenario A the new technology enters at year 5 and makes CLOP entirely obsolete, that is, not
cost-effective and not uncertain (equivalent to a shorter technology time horizon of 5 years).

At this point there is no value in the evidence generated by research about CLOP* In these
circumstances research is likely to be worthwhile only if it reports quickly. In scenario B the
new technology has a similar NHE to 12 months of treatment with CLOP* and the uncertainty
surrounding its expected cost-effectiveness is also similar. Now research about CLOP has more
potential value in the future because it will also help resolve some of the uncertainty in the
choice between CLOP and the new technology for patients who become incident after that time.
Although there was no evidence of new technologies emerging in EECP, the same scenarios are
explored as the development and launch of new devices are more difficult to identify in advance.
The impact on the potential value of research is illustrated in Figure 18, demonstrating similar
qualitative effects as for CLOP. In scenario A (EECP becomes obsolete) the potential benefits of
further research about EECP are likely to exceed the costs only if the research reports quickly.
Nevertheless, even in this extreme scenario the benefits of research with only 1 year of follow-up
are likely to exceed the costs as long as it reports before 4 years.

The potential value of research presented in these figures, even after accounting for the type of
evidence, follow-up and time until research reports, should still be regarded as an upper bound
to the value that is likely to be realised by actual research for two reasons: (1) even well-designed
research with large sample sizes will not fully resolve the uncertainty in the value that a parameter
might take, especially in specific target populations and in particular (future) contexts and (2)
insofar as implementation of NICE guidance is not ‘perfect’ and all clinical practice might not
immediately respond to the results of research, the full benefits will be realised only over time or
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potential values are based on a 1-year follow-up design.

with additional implementation efforts. For these reasons a judgement of whether or not benefits
of research are likely to exceed the costs might be made conservatively, requiring evidence that
even in pessimistic scenarios the research would still be worthwhile.

Point 7: Are the benefits of approval greater than the costs?
The seventh and final point on the checklist requires an assessment and comparison of the
benefits and costs of early approval. The costs of approval are not financial ones but opportunity
costs and will include the potential value of any research that may be forgone as a consequence,
for example if the research needed cannot be conducted once the technology is approved for
use. They will also include any costs that are irrecoverably committed by approval. As well as
the capital costs of equipment and facilities (or training and learning), they will also include
the irrecoverable opportunity costs of initially negative NHEs (if treatment decisions are not
irreversible - see the discussion in Chapter 3, Technologies with significant irrecoverable costs and
Chapter 5, Point 1: Is it expected to be cost-effective? and Point 2: Are there significant irrecoverable
costs?). A judgement of whether or not the benefits of approval and early access for current
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patients are likely to exceed the opportunity costs for future patients is required, that is, at the
following point in the algorithm:

Assess the benefits and costs of
early approval

Are the
benefits of approval greater
than the costs?

No

The decision at this point always leads directly to guidance, with all remaining possible pathways
allocated to a particular type and category of guidance. These remaining (20) pathways through
the algorithm are detailed below (extracted from Table 32 in Appendix 4):

Assessment 1 2 3 4 5 6 7 Guidance

3 Yes No Yes No Yes/no  Yes Yes Approve?

4 Yes No Yes No Yes/no  Yes No OIR

9 No No Yes No Yes/no  Yes Yes AWR?

10 No No Yes No Yes/no  Yes No Reject?

13 Yes Yes Yes Yes Yes Yes Yes AWR?

14 Yes Yes Yes Yes Yes Yes No OIR®

15 Yes Yes Yes Yes Yes No Yes Approve®

16 Yes Yes Yes Yes Yes No No Reject®

17 Yes Yes Yes Yes No Yes Yes AWR*
Pathway 18 Yes Yes Yes Yes No Yes No OIR*
number 20 Yes Yes Yes No Yes Yes Yes Approve’

21 Yes Yes Yes No Yes Yes No OIR? Significant

22 Yes Yes Yes No Yes No Yes Approve® g::fs verable

23 Yes Yes Yes No Yes No No Rejectt

24 Yes Yes Yes No No Yes Yes Approve®

25 Yes Yes Yes No No Yes No OIR®

27 Yes Yes No - Yes - Yes Approve'!

28 Yes Yes No - Yes - No Reject’

32 No Yes Yes No Yes/No  Yes Yes AWR®

33 No Yes Yes No Yes/No  Yes No Reject?

Technologies without significant irrecoverable costs
Only 4 of the 20 possible pathways illustrated above are associated with technologies without
significant irrecoverable costs. In these four pathways either (1) research was not considered
possible with approval for those expected to be cost-effective (i.e. Approve” or ‘OIR") or (2)
research was not possible without approval for those not expected to be cost-eftective (i.e. AWR?”
or ‘Reject?). The CLOP case study provides an example of the former. It is research that would
provide more precise estimates of the relative effect of CLOP and of shorter treatment durations
that is potentially valuable (see Point 4: Is research possible without approval?). As a consequence,
the type of experimental design that is likely to be needed is unlikely to be possible if 12 months
of treatment with CLOP is already approved for widespread NHS use. Although treatment with
CLOP does commit initially negative NHEs that are irrecoverable, these should not be regarded
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as significant as the treatment decision for a presenting patient is irreversible in relevant time
frames (see Point 2: Are there significant irrecoverable costs?). Therefore, AWR may not be possible
and so the benefits of early access to 12 months of treatment with CLOP (approval) must be
compared with the potential value of OIR.

‘Only in research’ is more likely to offer greater expected NHEs than approve if the research
can be conducted quickly and report sooner, as fewer patients forgo their access to CLOP and
more can have their treatment choice informed by the research findings. This is illustrated in
Figure 19, which reports the difference between approve and OIR in population NHEs over a
range of times for when the research recommended in OIR might report. This takes account of
both the expected changes in price at year 7 and research costs of £10M. It shows that OIR will
be appropriate only if the research reports within 3 years of appraisal (T* =3) because beyond
this time the NHEs forgone by withholding access to CLOP will exceed the potential gains to
future patients.

The trade-off between NHEs for current patients and NHEs for future patients that lies behind
Figure 19 is illustrated in Figure 20 using undiscounted values for ease of exposition. It illustrates
the (per-period) population NHEs of approval and OIR if the research recommended as part

of OIR reports at year 3. At this point the initial losses of NHEs caused by restricting access to
CLOP (area A) start to be offset by the potential gains from the research findings (area B). The
price change at year 7 increases the NHEs of approval (i.e. CLOP is more cost-effective) but on
balance reduces the NHEs of OIR. In other words, because CLOP is more cost-effective and
offers greater NHEs the evidence generated by the research is less valuable because the choice

of treatment and duration is less uncertain (see Point 5: Will other sources of uncertainty resolve
over time? and Point 6: Are the benefits of research greater than the costs?). With research reporting
at 3 years the initial losses of OIR (area A) are just offset by the later gains (area B) so T*=3.

If research reported earlier than 3 years (area A <area B) OIR would be appropriate but if it
reported later than 3 years (area A >area B) approve would be more appropriate.

However, there is no guarantee that the research recommended as part of OIR guidance will be
conducted by manufacturers or commissioned by research funders. Even if it is, it is not certain
that it will be successfully completed (see discussion in Point 6: Are the benefits of research greater
than the costs?). Therefore, the probability that research will report at a particular time also needs
to be considered. The implications of considering whether the recommended research will be
conducted and when it might report are illustrated in Figure 21, which presents a boundary for
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FIGURE 19 Population NHEs of approve and OIR for time to research reporting: CLOP case study. T* is the time to
research reporting at which the NHEs of OIR and approve are equal. That is, for a time to report of less than T* OIR
offers higher NHEs than approve and for a time to report of more than T* approve offers higher NHEs than OIR.



DOI: 10.3310/hta16460 Health Technology Assessment 2012; Vol. 16: No. 46

P U U
@ 428 A '
2 \ B ,—
< ]
g .
o
S A :
1
§ 427 S ! — Approve
= ! ___ORM™)
K] !
e 4 !
3
o]
& 4261
0 2 4 6 8 10

Time since decision (years)

FIGURE 20 Population NHEs of approve and OIR at T*: CLOP case study.

Approve
0.5 1

N Without price change

With price change

Probability that research is conducted

4 6 8 10
Time research reports (T; years)

FIGURE 21 An OIR or approve boundary: CLOP case study.

when OIR might be appropriate or when approval should be granted. For example, if research is
certain to report but will take 4 years, or when it will take only 1 year but has only a 50% chance
of reporting, OIR would not be appropriate and 12 months of treatment with CLOP should be
approved, that is, points that fall to the north-east of the boundary. Points to the south-west

of the boundary indicate that OIR might be appropriate (see Appendix 6, When might it be
commissioned and report).

However, the estimates of the potential value of additional evidence on which these boundaries
are based are still likely to overestimate the value that will be realised by research (see discussion
in Point 6: Are the benefits of research greater than the costs?); they represent a necessary condition
for OIR. Therefore, OIR guidance should require a conservative judgement that the point is
almost certain to be below the boundary rather than on balance close to it. For the same reason,
points anywhere above the boundary represent a sufficient condition for approval. The boundary
when the change in price is included is to the south-west, reflecting the lower potential value

of research, and OIR guidance, once CLOP becomes more cost-effective. In this case it seems
unlikely that the type of research required could report quickly enough and with sufficient
confidence that OIR would be appropriate. Therefore, these assessments would support a
judgement that the benefits of approval are likely to exceed the opportunity costs, and ‘Approve”
(pathway 3 for CLOP in Table 32, Appendix 4) would seem more appropriate.
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The assessments that have been undertaken for CLOP can be brought together to consider (1)
what would be the value of being able to conduct research while CLOP is approved (value of
AWR) and (2) what would be the value of making evidence that is needed by the NHS available
at launch. These questions can be informed by the results already presented elsewhere but these
results are also reported together in Table 25.

The difference in NHEs between AWR (if it was possible) and the next best feasible policy, which
is OIR when T < T* and approve when T>T*, is £30M and £4M, respectively. This difference
represents the value to the NHS of being able to conduct research while CLOP is approved for
use, for example to inform whether investment in better data collection, registries or information
systems is worthwhile that might make this possible.* The difference in population NHEs if all
uncertainty had been resolved before appraisal (at launch) and the next best available policy, OIR
for T <T* and approve for T>T*, is £54M and £80M, respectively. This difference represents the
value to the NHS of having access to the evidence needed at launch. This can also directly inform
policies that might make better and more relevant evidence available.

It is also possible to consider the commercial as well as NHS value in each of the cells of this
table. The value of early evidence at launch can then be considered from the perspective of the
manufacturer (the expected revenue streams), taking account of prices (see discussion of price
in Chapter 3, Changes in effective prices and Incentives for evaluative research) and expected
volumes over the remaining patent life and technology time horizon. Together with estimates of
the costs of conducting research by manufacturers or through public funding, this assessment
might inform when manufacturers might be expected to conduct the research needed (e.g. high
commercial value that exceeds the cost to manufacturers) or when the NHS might be expected
to undertake it (e.g. low commercial value but high potential value to the NHS that exceeds

the costs to the NHS). When the research is worthwhile from both a commercial and a NHS
perspective the question of who should conduct, or pay for, the research might be informed by
which sector has a comparative advantage, that is, which can gain the most net social value. Of
course, the value to the NHS and to manufacturers will depend, to a large extent, on what type of
flexible pricing arrangements and value-based pricing schemes might be in place. The question
will also turn on how any agreements can be made and incentive consistent contracts written
and enforced.

gies with significant irrecoverable costs

Most of the possible pathways illustrated above are associated with technologies with significant
irrecoverable costs (16 out of the remaining 20). This is because, even when research is possible
with approval (or even when not needed), the impact of committing irrecoverable costs

TABLE 25 Population NHEs over the technology time horizon for different policies: CLOP case study

NHE for time Uncertainty Value of

to research resolved at evidence at
reporting Approve OIR AWR* Reject Value of AWR  launch launch
NHEs in QALYs

T<T*(T=2) 3,680,187 3,681,480 3,682,995 3,671,660 1515 3,684,181 2701
T>T*(T=7) 3,680,187 3,675,487 3,680,362 3,671,660 175 3,684,181 3994

NHEs in £M

T<T*(T=2) 73,604 73,630 73,660 73,433 30 73,684 54
T>T*(T=7) 73,604 73,510 73,607 73,433 4 73,684 80

AWR*, the expected population NHEs if AWR was to become a possibility; T, time to research reporting; T*, time to research reporting at which the
NHEs of OIR and approve are equal.
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through AWR (or approval) must be considered and so OIR (or reject) remains a possibility
(see Appendix 6, What is the impact of irrecoverable costs?). The EECP case study provides an
example of this, in which research that would provide more precise estimates of the effect of
treatment on quality of life accounts for all of the potential value (see Point 4: Is research possible
with approval?). EECP does commit both capital costs associated with long-lived equipment
and initially negative per-patient NHEs. Unlike in the CLOP case study these irrecoverable
opportunity costs at a patient level are significant because treatment choice for a presenting
patient is not irreversible over relevant time frames (see Point 2: Are there significant irrecoverable
costs?). As a consequence, even if research is possible with approval it is not clear that AWR
would be appropriate, because OIR avoids the commitment of irrecoverable costs until research
finding are available and a more informed decision can be made.*

Research is possible with approval

Even when research is possible with approval OIR offers greater expected NHEs than AWR as
long as research reports before 9 years (Figure 22). This is because the consequences (losses of
population NHE) of committing both aspects of irrecoverable costs through AWR are greater
than the NHEs forgone by restricting access to EECP through OIR. The costs of research have not
been included because they are incurred with both AWR and OIR guidance.*

As previously for the CLOP case study, there is no guarantee that the research recommended as
part of OIR or AWR guidance will be conducted and research report. A boundary for when OIR
rather than AWR might be appropriate is illustrated in Figure 23 for four research designs with
differing times of follow-up. A 2-year follow-up will generate evidence with the lowest potential
value (so the boundary is to the south-west) but it is likely to report sooner. Therefore, OIR might
be appropriate even if the probability that the research will be conducted and report is relatively
low. In this case it seems likely that the type of research required could report quickly enough
and with sufficient confidence that OIR would be appropriate even though the research could be
conducted while EECP is approved. Therefore, these assessments would support a judgement that
the benefits of approval (through AWR) are unlikely to exceed the opportunity costs (the NHEs
of OIR) and so ‘OIR* (pathway 18 in Table 32, Appendix 4) rather than AWR? (pathway 17)
would seem more appropriate.
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FIGURE 22 Population NHEs of AWR and OIR for time to research reporting: EECP case study.
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FIGURE 23
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Research is not possible with approval

For the general reasons discussed in Chapter 3 and those specific to EECP discussed in Point

4: Is research possible with approval?, the type of experimental research required to robustly
estimate the effect of EECP on quality of life is unlikely to be possible once it is approved and in
widespread use. Now approval (now through approve rather than AWR) not only commits the
type of irrecoverable costs discussed above but also means that the potential value of evidence
to future patients must be forgone. This is reflected in Figure 24 in which the difference between
OIR and approve is always greater than the difference between OIR and AWR in Figure 22. It
suggests that as long as the cost of the research exceeds the difference between OIR and approve,
when it is expected to report, OIR rather than approve would be appropriate. This is also reflected
in the boundaries for OIR and approve reported in Figure 25. These boundaries are always to
the north-east of the OIR/AWR boundaries reported in Figure 23, again reflecting the fact that
approval not only commits irrecoverable costs but also forgoes the potential value of evidence
that might have been generated through an OIR recommendation. These assessments would
support a judgement that the benefits of approval are unlikely to exceed the opportunity costs
(the NHESs of OIR) and so ‘OIR® (pathway 25 in Table 32, Appendix 4) rather than Approve”
(pathway 24) would be more appropriate.

As with the CLOP case study, the assessments that have been undertaken for EECP are bought
together in Table 26 and can help inform the same policy questions: (1) what would be the value
of being able to conduct research while EECP is approved? and (2) what would be the value of
making the evidence that is needed by the NHS available at launch? In this case, because of the
irrecoverable costs associated with EECP, there is no value to the NHS of being able to conduct
research while EECP is approved for use. In fact, these figures are negative, indicating that even
if AWR was possible it would not be appropriate. However, as in the CLOP case study, there

is value to the NHS of having the evidence needed before appraisal. This value, expressed in

the equivalent NHS resources, depends on how long it would otherwise have taken for an OIR
recommendation to deliver the same evidence, for example £62M if 3 years and £134M if 7 years.
As with the CLOP case study, these assessments can also inform policies that might make better
and more relevant evidence available and answer the questions of how to provide the evidence
needed at the right time and who might contribute most to providing this evidence.
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TABLE 26 Population NHEs over the technology time horizon for different policies: EECP case study

NHE for time Uncertainty Value of

to research resolved at evidence at
reporting Approve OIR AWR* Reject Value of AWR  launch launch
NHEs in QALYs

T=3 1,391,001 1,397,192 1,393,578 1,389,596 -3614 1,400,288 3096

T=7 1,391,001 1,393,608 1,392,030 1,389,596 —1578 1,400,288 6680

NHEs in £M

T=3 27,820 27,944 27,872 27,792 72 28,006 62

T=7 27,820 27,872 27,841 27,792 -32 28,006 134

AWR?*, the expected population NHEs if AWR was to become a possibility; T, time to research reporting.
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Chapter 6
Implications for policy, process and methods

his final chapter of the main report draws together some of the implications that a 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).
Within each of the broad topics discussed below, we try to distinguish between policy issues
directly relevant to the NICE remit (at a ‘higher level’ than the process and methods of
technology appraisal); those that might be most relevant to other bodies (e.g. Department of
Health, Department for Business, Innovation & Skills) and stakeholders; and specific issues
for the process and the methods of technology appraisal. It constitutes a brief discussion of
possibilities that NICE and others might choose to take forward. How a consideration of
uncertainty and the need for evidence might influence value-based pricing and the impact
of patient access schemes on OIR and AWR guidance is also considered. This discussion
draws on the feedback provided at both workshops, which included a wide range of relevant
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. The feedback from both workshops has been
summarised and is available online (see www.york.ac.uk/che/research/teehta/workshops/
only-in-research-workshop//).

Key principles and assessments needed

The key principles and assessments needed fall into four broad areas:

—

. expected cost-effectiveness and population NHEs (including benefits, harms and NHS costs)

2. the need for evidence and whether 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

4. whether or not there are significant (opportunity) costs that 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 the benefits of research are likely to exceed the costs and whether any benefits of early
approval are greater than the costs of withholding approval until additional research is conducted
or other sources of uncertainty are resolved. There was general consensus that the key principles
represented by a sequence of assessments and judgements (see Chapter 3 and the algorithm

in Appendix 2) were the relevant ones, complete and in an appropriate order. In response to
feedback from the first workshop this sequence of assessment and judgement was summarised as
a simple 7-point checklist (see Chapter 5, A checklist of assessment) that could be considered by
the TAR groups and Appraisal Committees as well as manufacturers during appraisal.

Other NICE programmes
The principles outlined in Chapter 3 and the checklist do not presuppose how the assessments
required might be informed and judgements made. Distinguishing principles from methods of
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analysis in this way meant that there was a general consensus that the principles and the checklist
might be useful in other NICE programmes, whilst recognising that how the assessment might be
made is likely to differ. It was recognised that some amendments might be required when cost-
effectiveness is not a consideration (e.g. in interventional procedures) or when only technologies
that are expected to be cost saving to the NHS are considered (e.g. the Medical Technologies
Evaluation Programme). Similarly, the complexity of multiple outcomes in public health and the
greater scope and complexity of decision problems in clinical guidelines offer greater challenges
for quantitative assessment but do not change the key principles and considerations. The relative
paucity of evidence and the speed of innovation in devices are likely to influence how the
assessment might be made. On the other hand, it was considered by some workshop participants
that the more iterative process of appraisal in some other NICE programmes (e.g. clinical
guidelines) might make it easier to integrate the assessments required in the checklist. Further
research, using case studies from these other NICE programmes, would be required to identify
how best the assessments might be informed given the programme-specific challenges, the
existing methods of appraisal and the resource and time constraints of their current processes.

The checklist was subsequently applied to a series of four case studies (three pharmaceuticals
from the Technology Appraisal Programme and one device from the HTA programme; see
Chapter 5, Introduction to the case studies). These applications allow an examination of how each
of the assessments might be made based on the type of evidence and analysis currently provided
in NICE technology appraisal and how they might be better informed with a range of additional
information and/or analyses. The possible implications for process and methods of appraisal are
discussed below.

The scope of ‘only in research’ and ‘approval with research’
recommendations

Categories and type of guidance
Each sequence of assessment and decision leads to different categories and ‘types’ of guidance
for technologies with differing characteristics, indications and target populations, that is,
each sequence of ‘yes’ or ‘no’ judgements in the checklist defines a single pathway leading
to a particular type and category of guidance (see Table 32, Appendix 4). The different types
of apparently similar guidance illustrate how the same category of guidance (e.g. approve,
AWR, OIR or reject) might be arrived at in different ways, helping to identify the particular
combinations of considerations that might underpin guidance, contributing to the transparency
of the appraisal process. There was a general view that the application of the checklist would
improve transparency in communicating the considerations that underpin guidance but that
this alone would not be sufficient, especially in situations in which OIR guidance was made for
a technology that was, on balance, expected to be cost-effective. Evidence of how, not just what,
assessments and judgements were made would be required (see What additional information and
analysis might be required?).

These principles suggest that the categories of guidance available to NICE have wider application
than is reflected in previous guidance (see the review of NICE guidance in Chapter 4). For
example, there are five different types of OIR guidance that may be appropriate when a
technology is expected to be cost-effective (see Table 1). Indeed, OIR may be appropriate even
when research is possible with approval if there are significant irrecoverable costs. AWR can be
considered only when research is possible with approval but reject remains a possibility even for
a cost-effective technology if there are irrecoverable costs. Therefore, the full range of categories
of guidance (OIR and reject as well as AWR and approve) ought to be considered for technologies
that, on the balance of existing evidence and current prices, are expected to be cost-effective. It
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is only approval that can be ruled out if a technology is not expected to be cost-effective, that
is, cost-effectiveness is necessary but not sufficient for approval but lack of cost-effectiveness is
neither necessary nor sufficient for rejection.

Scope of ‘only in research’ recommendations
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. Guidance will depend on a number of other key
assessments, which include (1) the need for evidence, (2) whether or not the type of research
required is possible with approval, (3) the expected longer-term benefits and costs of the type of
research likely to be conducted, (4) the impact of other sources of uncertainty that will resolve
over time and (5) the significance of any irrecoverable costs.

In general, it was accepted that 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. The ethical implications of such decisions were set out in Chapter 3 (see Social
value judgements and ethical principles) and are discussed below.

Implications of patient access schemes and value-based pricing

‘Only in research’, ‘approval with research’ and effective price
Any change in the effective price of the technology, either through patient access schemes (which
offer some form of discount that reduces NHS costs) or through direct price changes (possibly
negotiated though a future value-based pricing scheme), will affect the key assessments leading
to different categories of guidance. For example, provisional OIR guidance for a technology that
is expected to be cost-effective might be revised to approve with a sufficient price reduction
because the benefits of early approval will be greater and uncertainty about its cost-effectiveness
and the value of additional evidence will tend to be lower. Similarly, AWR might be revised to
approve if the consequences of uncertainty and what might be gained from additional evidence
is sufficiently reduced. Equally, provisional guidance to reject a technology that is not expected
to be cost-effective might be revised to OIR if the reduction in price (although not sufficient to
make it cost-effective) made a reject decision more uncertain and hence research worthwhile.

Therefore, consideration of the effect of price changes on OIR and AWR is needed when assessing
the potential impact of patient access schemes and more direct price negotiation through value-
based pricing. However, there are limits to the effects of price reductions as even at a zero price
the technology might not be cost-effective and/or further research may still be required if there

is a lack of confidence that the technology is effective (harms may not be compensated for by
benefits) and/or it imposes other non-acquisition costs on the NHS.

Implications for value-based pricing
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. It is the maximum price that the NHS
can afford to pay without imposing negative health effects. This describes the threshold price
below which approve rather than reject would be appropriate when (1) OIR or AWR guidance
is not available to the decision-maker, (2) there is no uncertainty over cost-effectiveness or (3)
the research, if needed, can be conducted with approval and there are no irrecoverable costs. In
all other circumstances there are a number of other value-based prices, each representing the
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threshold price below which guidance would change. Importantly, once uncertainty and the need
for evidence as well as the impact of irrecoverable costs are recognised, the threshold price that
would lead to approval will always be lower than or equal to a single value-based price based on
expected cost-effectiveness alone, that is, disregarding uncertainty over costs and effects.

For example, when research could be conducted without approval but not with it, there will

be a price threshold above which reject rather than OIR would be appropriate and a lower

price threshold below which approve rather than OIR would be appropriate. This approve/

OIR threshold price will always be lower than a value-based price based on expected cost-
effectiveness. If a technology also imposes significant irrecoverable costs then this threshold price
will be lower still. There may also be up to three threshold prices as all four categories of guidance
might become relevant at different prices.

Value-based pricing and irrecoverable costs
Health technologies with patent protection are more likely to be priced close to the point at
which the ICER is close to or equal to the threshold, that is, expected incremental NHEs are close
to zero. A value-based pricing scheme would formalise these existing incentives so technologies
will tend to impose greater irrecoverable opportunity costs (initially negative NHEs). A
technology that is only just expected to be cost-effective will not break-even until close to the
end of the patient time horizon and not for much longer for the population of patients likely to
benefit from its use. Therefore, those technologies already priced close to the threshold, and all
new technologies considered in a value-based pricing scheme, will tend to increase the scale of
irrecoverable costs committed by approval. If these irrecoverable costs are significant (because
treatment decisions are not irreversible) then the price threshold for unrestricted access (i.e.
approve or AWR) will be lower than the price at which the technology is just expected to be cost-
effective, even if research can be conducted with approval (see Chapter 3, Issues specific to ‘only
in research’ recommendations). 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.

Retaining ‘only in research’ as part of value-based pricing
Even in circumstances in which price negotiation becomes possible alongside NICE appraisal,
it will be important to retain OIR and AWR as available categories of guidance for two reasons.
First, there is no guarantee that manufacturers will always agree to the lower price below which
approval rather than OIR or AWR would be appropriate. For example, manufacturers will be
unwilling to agree prices that are below marginal production costs. They will also be unwilling
to lower UK prices if they can be referenced by other countries and have an impact on global
revenues. Second, and possibly more importantly, there may be many circumstances when there
is no effective price reduction that would make approval appropriate. For example, reject or OIR
guidance may still 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) or if the technology
imposes other non-acquisition costs on the NHS.

Incentives for evaluative research

Flexible pricing agreements
Consideration of OIR and AWR recommendations provides a link between uncertainty, evidence
and price which might appropriately align incentives for manufacturers conducting the type of
evaluative research that would be most valuable for the NHS. The current PPRS provides for
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flexible pricing agreements in which price is revised once the research reports and the results are
known, increasing prices if the evidence suggests that benefits were originally underestimated

or reducing prices if benefits were overestimated. This means that manufacturers retain an
incentive to conduct further evaluative research if they believe that there are additional benefits
that could not be evidenced at launch. Publically funded evaluative research, however, will still

be required when these incentives are insufficient and especially in those cases in which the
original evidence is likely to have overestimated the benefits or underestimated the potential for
harm. However, it should be noted that linking effective prices to the results of publically funded
research means that the NHS will benefit (realise the value of evidence) only if the results lead to
a lower price or more restrictive guidance because the technology is found not to be cost-effective
(thus avoiding the losses associated with negative NHEs). Manufacturers will, however, be able

to appropriate the value of evidence through higher prices when it suggests that NHEs were
originally underestimated. Even under current arrangements this value can be appropriated
when the technology is reappraised by NICE. For example, patient access schemes, which offer an
effective discount to the NHS, can be withdrawn or approval might be made less restrictive when
a technology is reappraised following further research.

Incentives and early advice
It is important that policy provides (or at least does not undermine) 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 price, provides a clear signal and an incentive for
manufacturers to ensure that the type of evidence that cannot be acquired following approval is
available and sufficient at launch (e.g. relative effectiveness and subtle but important differences
in side effect profiles). 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, to (1)
accept OIR guidance at a higher price but restricted volume, (2) reduce the effective price to
achieve approval, or AWR when that is possible, or (3) conduct the evaluative research at an
earlier stage so that additional evidence is not required at launch.

Other things being equal, those new technologies that are supported by more, better-quality
and relevant evidence will be more likely to be approved and at higher prices than those that

are not. Therefore, greater consideration of OIR and AWR guidance will tend to reward those
manufacturers who have invested in good-quality and relevant evidence with earlier approval of
their technology. It was also suggested that the checklist of assessments could be used within the
NICE Scientific Advice Programme, providing advice to manufacturers at an early stage before
technology appraisal.

Who should conduct ‘approval with research’ and ‘only in research’ research?
Consideration of 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. Alternatively, manufacturers might be expected to make some contribution to
the costs of publically funded research that may ultimately benefit their product. As well as an
assessment of how the value of additional evidence is likely to be shared between the NHS and
the manufacturers, it was widely recognised that two other issues need to be considered. First,
the resource constraints on publically funded research may mean that other research priorities
(often without commercial interest) may be more valuable to the NHS (see How should the
assessments be undertaken?). Second, the success of AWR recommendations when manufacturers
are asked to conduct the research will depend on whether or not NICE and/or the Department
of Health are able to establish incentive-consistent 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. It was widely
recognised that, at present, NICE does not have a credible mechanism to ensure that the type
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of research recommended in AWR guidance would actually be undertaken by manufacturers.
Removing approval of a technology simply because recommended research has not been
conducted was not considered an ethical or a credible threat. Further research could consider
what type of feasible contractual arrangements would offer credible threats that would make
AWR more likely to be successful. This work could include more detailed examination of linking
an AWR agreement to price penalties within a value-based pricing scheme.

Although OIR provides a greater incentive to undertake research, it was recognised that there
may be circumstances when manufacturers would nonetheless choose not to undertake it, that
is, accepting an effective reject. If the research is also not a sufficient priority to secure public
funding, then approval rather than OIR (an effective reject in these circumstances) would be
appropriate only at the lower approve/OIR price threshold. Many workshop participants took
the view that it would be better if all AWR and OIR research was publically funded rather

than undertaken by manufacturers to ensure wide availability of research findings and provide
confidence that commercial interests do not influence its design, conduct and reporting. It

was suggested that the costs of publically funded research might be recovered directly from
manufacturers or indirectly through other price discounts. Such arrangements might be mutually
beneficial in some circumstances (e.g. if the costs of publically funded research are lower), while
allowing wider access to the data generated and more transparency and accountability in the
conduct of the research.

Further research could examine the relative costs of conducting this type of evaluative research
and explore feasible mechanisms for recovering the costs of publically funded research from
manufacturers. It should also include an examination of how the value of research is likely to be
shared between manufacturers and the NHS in different circumstances and under different price
renegotiation rules. The pay-offs for the different policies reported in Tables 25 and 26 are from
an NHS perspective only. It would be interesting to estimate the commercial pay-offs associated
with each, which could start to inform when manufacturers or public bodies might be expected
to conduct or pay for the research recommended as part of AWR or OIR guidance.

Value of ‘approval with research’ and evidence at launch
The assessments that need to be made (especially in Chapter 5, Point 6: Are the benefits of research
greater than the costs? and Point 7: Are the benefits of approval greater than the costs?) can be used
to consider (1) what would be the value of being able to conduct research while a technology is
approved (value of AWR), (2) what would be the value of making evidence that is needed by the
NHS available at launch and (3) what is the value of being able to acquire evidence more quickly.

The difference in population NHEs between AWR and the next best feasible policy represents
the value to the NHS of being able to conduct research while a technology is approved for use.
This can inform investment decisions in better data collection, registries or information systems
that might make AWR possible. Importantly, this value will differ by technology and will depend
on the scale and significance of irrecoverable costs (if they are sufficiently high there will be no
value in AWR - see Chapter 5, Technologies with significant irrecoverable costs). The difference in
population NHEs between resolving all uncertainty before appraisal and the next best available
policy represents the value to the NHS of having access to the evidence needed at launch. This
might inform a range of policies, such as early advice, public investment in transitional and
evaluative research earlier in the development process and other incentives for research and
development. Understanding the relationship between the time taken for research to report

and the value of the evidence to future populations can 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 (i.e. greater precision or timeliness) and (3) research prioritisation
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(identifying those areas in which if research is to be undertaken there must be confidence that it
can report quickly).

The value of early evidence at launch and AWR can also be considered from the perspective

of the manufacturer (the expected revenue streams), taking account of prices and expected
volumes over the remaining patent life and technology time horizon. Together with estimates of
the costs of conducting research by manufacturers or through public funding, this assessment
might inform when manufacturers might be expected to conduct the research needed (e.g. high
commercial value that exceeds the costs to manufacturers) or when the NHS might be expected
to undertake it (e.g. low commercial value but high potential value to the NHS that exceeds the
costs to the NHS). In some circumstances, the value to manufacturers and to the NHS will exceed
their respective costs. The question of who should conduct, or pay for, the research might then be
informed by which sector has the comparative advantage, that is, which sector can offer greater
gains in net social value. The value to the NHS and to manufacturers will depend, to a large
extent, on the type of pricing arrangements that might be in place (see Implications of patient
access schemes and value-based pricing) and how any agreements that might be made can be
enforced with incentive-consistent contracts. As well as understanding the pay-offs from an NHS
perspective, these policy questions could be better informed with further research to estimate the
likely commercial pay-offs and possible contractual arrangements that might align incentives and
make AWR possible.

Social value judgements and ethical principles

Although OIR and AWR recommendations pose important ethical issues, the types of
judgements required were considered ethically permissible and consistent with the social values
and principles that underpin existing NICE appraisal. In general, no significant concerns about
ethical issues or the types of social value judgements required when applying the checklist were
raised during the workshops. Nonetheless, the analysis of the ethical issues did identify some that
might require further consideration and investigation. In particular, it was recognised that an
OIR recommendation may be made when clinicians and researchers would not be in equipoise
about the effectiveness (as opposed to the cost-effectiveness) of an intervention. Therefore,

RECs may disallow trials required by OIR guidance unless they are informed of, and agree with,
the rationale for contravening the traditional principle of equipoise. This ought to be reflected

in an assessment of the likelihood of research being commissioned and reporting. However,
more research on how a useful notion of equipoise might be informed by the types of social
decisions that bodies like NICE have to make may be valuable. The social values that underpin
NICE appraisal evolve. For example, the government’s plans for a value-based pricing scheme
include an assessment of severity, unmet need and wider social benefits as well as QALY gains.
Irrespective of how these different aspects of outcome might be included, some assessment of
uncertainty and the need for evidence will still be required. Therefore, the principles of what
assessments are required appear robust to such changes. Insofar as social values can be expressed
quantitatively as ‘weights; the assessments required can still be informed in the ways described in
Chapter 5 but based on a boarder measure of net social (rather than health) effects.

Some potential for inequity was recognised when OIR guidance might mean that patients

are less likely to be included in the research. Criteria for access to the treatment trial need

to be established, mindful of how unfairness might be minimised. Whether or not an AWR
recommendation will be undertaken by manufacturers (see discussion in Incentives for evaluative
research) also has an ethical dimension. One option is to incentivise research by threatening to
withdraw approval if the research fails to report. However, to carry out the threat would be unfair
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on future patients because the evidence base would not have changed. This potential for inequity
means that NICE has no credible threat to ensure that the research recommended as part of
AWR guidance will be undertaken in the way intended. It strengthens the case for establishing
enforceable, incentive-consistent contractual arrangements or acknowledging that AWR may not
be possible and so OIR is the only effective policy option.

How should the assessments be undertaken?

Order and sequence of assessments
The order of the assessments in the checklist relates to the sequence of decision nodes that
fully describe the algorithm in Appendix 2. This order of considerations means that all seven
assessments do not necessarily need to be made when an earlier judgement (e.g. at points
3, 5 and 6) can lead directly to guidance. In addition, the early assessment of the scale and
potential significance of irrecoverable costs (at point 2) can avoid further and more complex
assessment later.

There was a general consensus that the order was appropriate and that all of the assessments do
not need to be routinely made for every appraisal, especially at points 6 and 7, which would need
to be made only when the Appraisal Committee was considering OIR or AWR as a possibility.
However, the assessment of whether, in principle, further research might be worthwhile and
what type of evidence might be required would need to be undertaken routinely (additional
information or analysis that might inform these assessments is discussed in What additional
information and analysis might be required?). For example, at point 3 a judgement that more
research does not seem worthwhile will lead directly to guidance (see Point 3: Does more
research seem worthwhile?). However, if research may be worthwhile, some indication of the

type of evidence needed would also be useful for those making an assessment of the prospects

of research (see next section) and whether or not the type of research required to generate the
evidence would be possible with approval. Therefore, routine assessment up to point 4 of the
checklist (see Point 4: Is research possible with approval?) would seem appropriate before others
with expertise and responsibility for research design and commissioning consider the prospects
of the type of research needed. In fact, some assessment of other sources of uncertainty, such

as future price changes, entry of new technologies and research reporting, which influence the
future value of research, probably ought to be undertaken routinely as well to inform these
deliberations. A number of participants suggested that this type of information, required to
make an assessment at point 5 of the checklist, ought to be collected at a much earlier stage in the
appraisal process — ideally at scoping.

One model for an efficient order of assessment would be to consider points 1-5 routinely
(possibly with information required for point 5 collected at scoping). 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 ACD 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 at FAD. This model would avoid unnecessary analysis and assessment and
incorporate the judgements of the research community without necessarily adding to the time
that an appraisal might take. However, it does pose some questions about who will conduct the
additional work between ACD and FAD and whether this is consistent with current contractual
arrangements with the TAR groups or whether this work might be undertaken by the Decision
Support Unit. This is a matter that NICE and NIHR are best placed to resolve.
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Assessing the prospects of research
When considering OIR or AWR guidance there must be some assessment of (1) the type of
research needed to address the key uncertainties, (2) whether or not this will be regarded as
ethical and can be undertaken while the technology is approved for use, (3) whether or not it is
likely to be a priority for public funding and be commissioned and (4) when it is likely to report.

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. Without sufficient co-ordination between
these communities there is a danger that OIR or AWR guidance could be issued when the

type of research required would either not be regarded as ethical or feasible or not of sufficient
priority compared with other competing research needs to be commissioned. Because publically
funded research is also budget constrained, it is perfectly possible that research that might

be valuable from a wider NHS perspective might nevertheless not be a priority if other more
valuable research might be displaced. This might be a particular concern if there is a possibility
that the research could be undertaken by the manufacturer rather than displacing other research
without a commercial interest. Therefore, a decision of whether OIR or AWR research should be
undertaken by the manufacturer or through publically funded research is one that NICE cannot
properly take alone (see Incentives for evaluative research).

Some judgement about how the research community might respond to OIR or AWR
recommendations when NICE is formulating guidance is clearly possible, but more informed
judgements and better decisions are likely to be possible through greater involvement of the
research community. For example, a Research Advisory Committee could be constituted that
could consider provisional OIR or AWR guidance (at ACD), making recommendations about
the type of research needed and its ethics, feasibility and likely priority during the consultation
period before final appraisal and guidance. It 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). Such recommendations might be informed by the type of analysis described in
Chapter 5, Point 6: Are the benefits of research greater than the costs? and Point 7: Are the benefits
of approval greater than the costs? and discussed in Incentives for evaluative research above. There
are of course many different ways in which greater co-ordination might be achieved. However,
as some of the assessments that must be made in formulating OIR or AWR guidance are, in

fact, research decisions that fall outside the NICE remit, it would seem sensible to draw on the
expertise of those involved in, and responsible for, these types of research decisions to help make
these assessments, for example translating the need for particular types of evidence into a need
for particular types of research, its cost, relative priority, likelihood of success and when it is likely
to report. There was a general consensus among workshop participants that greater involvement
of research commissioners when NICE is considering AWR or OIR recommendations would be
useful. However, the finer detail of how the process of appraisal might need to be amended to
accommodate this is for NICE to consider and may require an update to the methods and process
of technology appraisal.

Reappraisal
A number of participants pointed out that the triggers for reappraisal need to be linked to OIR
and AWR guidance in two respects: (1) to ensure that guidance is reconsidered once research
findings are available and (2) to reconsider guidance if the type of research anticipated as
part of AWR or OIR guidance is not undertaken and there is little prospect that it will be, for
example when there is no agreement with a manufacturer or publically funded research was
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not prioritised or commissioned. In addition, other changes (prices, entry of new technologies
and new evidence) that might mean that research is no longer required ought to be included as
criteria for reappraisal, to be considered by NICE when prioritising reappraisals. This suggests
that the criteria for reappraisal and the process by which they are judged by NICE might need
to be amended. Some consideration also needs to be given to the unintended consequences of
reconsidering OIR before sufficient time has elapsed to encourage manufacturers to undertake
research or publically funded research to be prioritised and commissioned.

What additional information and analysis might be required?

Population net health effects
In current NICE appraisal cost-effectiveness is most commonly summarised in terms of ICERs.
However, such summary measures give little indication of the scale of the expected NHEs for
current and future patient populations, which is a key assessment when considering OIR and
AWR. For this reason cost-effectiveness was presented in terms of NHEs per patient treated and
for the population of patients over time, which provides information in a way that is directly
relevant to the assessments that need to be made (especially at points 2 and 7 for the checklist
— see Chapter 5, Point 1: Is it expected to be cost-effective?). All of the information required to
express expected cost-effectiveness in these ways is already available during appraisal and they
are entirely equivalent to the more familiar ICER.

Irrecoverable costs and time horizons
Amending how irrecoverable capital costs are incorporated into the estimates of expected costs
poses few technical difficulties. Some of the judgements required are already made in current
methods of appraisal, for example the patient time horizon is specified in existing economic
models and the expected lifetime of equipment is assumed when annuitising capital costs. The
technology time horizon is not currently explicitly considered and some judgement by the
Appraisal Committee supported by sensitivity analysis as well as expert clinical views is likely
to be required. Considering the significance of the irrecoverable opportunity costs of initially
negative NHEs of a technology (the investment profile) is more nuanced (see Chapter 3, Issues
specific to OIR recommendations) and their precise effect will depend on assessments made at
points 5 and 6, which can be supported by additional analysis using the type of economic models
developed during appraisal. However, some early indication of their potential importance can
be based on their scale relative to expected NHEs, the point at which initial losses are expected
to be compensated by later gains, whether or not treatment decisions are reversible and what
opportunities to improve health might be forgone by a delay to initiating treatment.

Assessing the consequences of uncertainty
The judgement at 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
presented in Chapter 5, Point 3: Does more research seem worthwhile? attempt to decompose
this assessment into a series of steps, each presenting what is already available within current
methods of appraisal but in ways that can more directly inform the assessment required.
Unfortunately, a simple proxy measure of the expected consequences based on expected costs
and effects is not useful because it provides neither an upper or a lower bound, that is, it may
seriously under- or overestimate what might be gained through further research. However, the
information required to estimate the expected consequences of uncertainty and decompose them
(see Figure 10) is already available in existing probabilistic analysis but is generally unused. Such
estimates do require some judgement (implicit in all research decisions) about the period over
which research findings will continue to be useful. Again, such judgements can be supported by
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sensitivity analysis as well as expert views, for example from a Research Advisory Committee.
The implications of scenarios and other sources of uncertainty are discussed below.

What type of evidence is required?
This assessment at point 4 of the checklist requires judgements about (1) how important
particular types of parameters (inputs to the economic model) are to estimates of cost and
QALYs, (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 presented in Chapter 5, Point 4: Is research possible without approval?
decompose this assessment into this series of steps, presenting in turn what is already available
within current methods of 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 (using the results of existing probabilistic analysis) is required
to provide quantitative estimates. There are circumstances when this additional computation
is a significant burden although, increasingly, suitable simplifications and approximations
are available.

Uncertainty between scenarios
It was recognised by participants that uncertainty in the parameters included in probabilistic
analysis generally do not represent all sources of uncertainty. Commonly there is also uncertainty
between alternative assumptions or judgements that might be made, often represented by
alternative scenarios. How the consequences of uncertainty between as well as within scenarios
can be presented was explored in Chapter 5, Point 3: Does more research seem worthwhile?
and Point 4: Is research possible without approval?. Properly accounting for this source of
uncertainty requires ‘weights’ (probabilities) representing the credibility of each scenario to
be applied directly to the simulated output from probabilistic analysis. Although this does not
require additional simulation and is quick and easy to implement, it does require that either the
probabilities are made explicit in advance or estimates are presented for a range of probabilities
that might represent the judgement of the Appraisal Committee following deliberation. Rather
than make alternative assumptions and present extreme scenarios, formal elicitation of the
judgement of clinical experts about the unknown parameters for which assumptions are required
is possible. Such elicitation may provide a richer characterisation of uncertainty than weighting
alternative scenarios but would require relevant experts to be identified in advance and the
Appraisal Committee to accept their judgements. Alternatively, this type of analysis might be
possible in real time during Appraisal Committee meetings using recent initiatives such as the
Transparent Interactive Decision Interrogator, so the quantitative implications of the judgements
of the Appraisal Committee could be represented.'*

Additional information
The current appraisal process generally already provides the information and much of the
analysis required to complete all of the analysis reported in Chapter 5 and as a consequence
requires little additional resource. However, the information required to assess whether or not
other sources of uncertainty will resolve over time (point 5 on the checklist) is not commonly
sought as part of NICE appraisal. This information includes (1) likely changes in prices of the
technology and its comparators (e.g. patent expiry and likely generic prices), (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 to inform this assessment for each case study (see Chapter 5, Point 5: Will other
sources of uncertainty resolve over time? and Appendix 4 for full details of the sources and searches
conducted). However, many potentially useful sources were proprietary or public access was
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restricted, making it surprisingly difficult to inform these assessments from the information that
is currently publically available. When information and estimates were available they were often
not complete or directly relevant to a UK context. NICE may need to consider how ERGs, TAR
groups and manufacturers can be provided with access to this type of information or whether the
Institute should extract this type of information itself at an early stage of appraisal, for example at
scoping or topic selection, as suggested by a number of participants.

Who should conduct the analysis?
Whether or not the ERG/TAR group or the manufacturers should be primarily responsible
for conducting any additional analysis to inform these assessments was a question raised
by a number of participants. Some were concerned that this analysis should be undertaken
independently and others that ERGs might not have sufficient resources and time to properly
interrogate submissions that include such analysis. Because the STA process bases appraisal
primarily on manufacturers’ submissions, any additional analysis would need to be included in
the submissions and be reviewed by the ERG. Although the time and resource implications of the
additional analysis are limited, even if all of the quantitative analysis in Chapter 5 was undertaken
(most is already required but is sometimes presented in different forms), more explicit
consideration of OIR and AWR and the link to price would make the critique of how uncertainty
and its consequences have been characterised more important. An assessment of whether or not
the point estimate of cost-effectiveness is reasonable is inevitably a more limited task than also
assessing whether or not the uncertainty surrounding that assessment is credible. Any additional
burden on TAR groups, ERGs and manufacturers might be eased with clear guidance on the
details of how analysis should be conducted and presented and what common assumptions are
deemed reasonable (e.g. time horizons) and the provision of additional information by NICE.
Others also suggested that greater opportunities for iteration between ERGs and manufacturers
might be helpful as well as considering only points 6 and 7 on the checklist when NICE has
recommended AWR or OIR at ACD and after advice from a Research Advisory Committee (see
Implications of patient access schemes and value-based pricing).

Implementing changes informing assessments
Although it was recognised that most of the analysis presented in Chapter 5 was appropriate
and by and large simply used existing analysis to more directly inform the assessment required
(consequently with limited resource implications), a number of participants felt that this might
not be self-evident to Appraisal Committee members, ERGs/TAR groups and manufacturers.
They suggested that some ‘training’ activities might be considered to ensure that appropriate
skills were in place and that any additional analysis or change in the way that cost-effectiveness is
presented is properly conducted and interpreted appropriately.
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Notes

Chapter 3

In Key principles and assesstments needed and Changes in prices and evidence, OIR was
defined as when a technology is approved only for NHS use (i.e. with the current funding
directive) within the context of a suitable research study. AWR refers to approval while
research is being conducted; in principle, it is when approval is conditional on research being
undertaken, which in the context of NICE guidance is when the research recommendation is
part of the guidance in Key principles and assessments needed. Whether or not such research
will be undertaken and successfully reported is examined in later sections.

When considering OIR rather than approve in these circumstances full account must be
taken of the irreversible effects of withholding access to the technology for the population of
patients who could have benefited from it, for example some may not survive to benefit from
the results of the research or disease may have progressed so that the expected health benefits
are lower.

. If the primary source of uncertainty is whether or not the technology is effective (i.e.

whether or not there any health benefits compared with its comparators and, if so, do they
compensate for any potential harms), then reductions in price will have a more limited
impact on uncertainty and the need for evidence than when there might be confidence of
improved overall effectiveness but there is uncertainty about if the magnitude of benefit is
sufficient to justify the NHS costs. In all cases a reduction in price will increase the expected
benefits of early approval for current patients so it will change the final assessment (where it
is relevant) of whether or not the benefits of approval are greater than the opportunity costs
(see point 7 in the checklist in Chapter 5, A checklist of assessment).

d. See note c.

Chapter 5

Any reduction in price will make a cost-ineffective technology less so (the NHEs, even if
remaining negative, will be greater) and a decision to reject will be more uncertain. However,
there are limits to the effects of price reductions because even at a zero price the technology
might not be cost-effective and/or further research might still may be required, for example
there is no confidence that it is effective (harms may not be compensated by benefits) and/or
it imposes other non-acquisition costs on the NHS.

The price reduction required for these different types of approval will generally be greater

if research is not possible with approval. ‘Approve® would require the greatest reduction in
price and ‘Approve® the lowest. However, any price reduction (price greater than zero) may
not make approval appropriate in these circumstances.

See notes a, c and e.

We would like to thank Steve Holland and Tony Hope, as ethics advisors to the project,

and Tain Chalmers, as a member of the Advisory Group, for their overall contribution,
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grounds of the possibility of severe side effects and little information on the use of these
agents beyond the duration of RCTs.

. In each case study the estimates of expected costs and QALY reported and used throughout

are the mean costs and QALY derived from probabilistic analysis using Monte Carlo
simulation. The costs and QALYs from a deterministic analysis will be incorrect unless
the model is multilinear with independent parameters (see Appendix 6, Is the intervention
cost-effective?).

. This is the time horizon over which costs and benefits are likely to differ for an individual

patient (commonly termed the model time horizon). In some circumstances (e.g. when there
is a mortality effect) this will be the lifetime of the patient. Expected costs and QALY in each
period are the expectations (means) from the results of probabilistic analysis. All future costs
and QALY (per patient or population) are discounted at 3.5% throughout (see Appendix 6, Is
the intervention cost-effective?, Cost-effectiveness at the patient level).

. The expected per-patient NHE for each intervention (i) is the difference between the

expected health (QALYs) with the intervention (ki) and the health likely to be forgone
elsewhere as a consequence of the costs of the intervention (ci), which requires an estimate
of the cost-effectiveness threshold (k). Therefore, the per-patient expected NHE of each
intervention (NHEi = hi - ci/k) can be expressed using the same information required to
present the more familiar ICERs. It can also be expressed in terms of the NHS resources
required to generate the NHEi (kx hi- ci) The intervention that is expected to be cost-
effective is the one with the highest expected NHE. This is entirely equivalent to drawing
conclusions about cost-effectiveness based on ICERs but has many advantages once

an assessment of uncertainty and its consequences is required. It is also needed when
considering the impact of irrecoverable costs and is especially important when decisions
require a trade-off to be made between benefits to current and future patients (see
Appendix 6, Is the intervention cost-effective?, Cost-effectiveness at the patient level).

. All analysis has been conducted at the upper and lower bound for the range that NICE has

adopted for the threshold; however, unless otherwise stated results in the text relate to a
threshold of £20,000 per QALY.

. The time at which initially negative NHEs are expected to be offset by cumulating positive

NHE:s, or the break-even point, is only an indicator or proxy for the scale of irrecoverable
opportunity costs as, for example, the scale of initial loses also matters. The presence of
even very large irrecoverable opportunity costs does not necessarily mean that they are
significant and will influence guidance. That will depend on whether or not treatment
decisions are reversible and the impact of withholding treatment for patients who might
receive it (see Chapter 3, Incentives for evaluative research and this chapter, Point 2: Are there
significant irrecoverable costs?), as well as whether uncertainty is likely to resolve (research
reporting or other sources of uncertainty resolving; see Appendix 6, Are there significant
irrecoverable costs?).

. The time horizon for the technology might be longer or shorter than the patient time

horizon. Technology time horizons might be based on historical evidence of the obsolescence
of health technologies but any estimate will be a proxy for a complex and uncertain process
of future changes in new technologies, prices and evidence. Therefore, the impacts of
different technology time horizons have been explored in each case study (see Appendix 6, Is
the intervention cost-effective?, Cost-effectiveness at the population level).

. The annual payments required each year over the lifetime of the equipment (discounted at

3.5%), which would be equivalent to the capital cost at the start of the first year.

i. The commitment of irrecoverable capital costs will depend on the rate at which any resale

value of purchased equipment depreciates over its lifetime. Often rental agreements are
possible that reduce commitment but commonly at a higher total cost. These issues are
explored in the Appendices 7-10.
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j. For OMAL, the profile of NHEs at a patient level did not exhibit significant irrecoverable
opportunity costs. Assessment at a population level and for longer technology time horizons
simply increases the magnitude of the expected negative NHE; therefore, there are no
irrecoverable costs in this case study.

k. In Figure 7 the technology time horizon happens to coincide with the lifetime of the
equipment but it need not.

1. It is also important to consider the risk profile of the health technologies and activities likely
to be displaced. Insofar as additional NHS costs do not just displace new technologies the net
effect will still tend to increase ‘1isk’ (see Appendix 11, Accounting for the investment profile of
displaced interventions).

m. In mathematics and economics this is referred to as expected opportunity loss. In decision
theory and its applications, including economic evaluation, it is referred to as the expected
value of perfect information (EVPI). It is also directly related to option value in financial
economics (see Appendix 11, Why averaging scenarios may be misleading).

n. The alternative treatment, which is expected to be cost-effective, may not have the highest
probability of being cost-effective if, as in this case, the distribution of NHEs are skewed, that
is, when the NHEs of EECP are greater than those of standard care they are much greater but
when standard care offers higher NHEs they are only a little higher than those of EECP.

o. The time horizon over which evidence generated by research about a technology might
be valuable may be longer (or shorter) than the period over which the technology is used.
Therefore, there is a distinction between the technology time horizon and the time horizon
for the benefits of research. To simplify the exposition in this summary of the case studies
they are assumed to be equal but other credible assumptions are explored more fully in
Appendices 7-10.

p. If an assessment of expected consequences based on mean NHEs was always an
underestimate this would be a useful, simple assessment of a lower bound to the potential
benefits of research. However, such estimates can also overestimate expected consequences,
for example in the analysis of EECP at a threshold of £30,000. Unfortunately such
circumstances cannot be specified in advance without conducting a proper analysis of the
expected consequences anyway (see Appendix 11, Why the consequences of uncertainty differ
from mean incremental effects).

q. This is substantially greater than the estimate of 800 QALY's based on mean incremental
population NHEs, demonstrating that such simple estimates may be misleading (see
Figure 8).

r. It should be noted that these estimates of QALY's that might be gained are for the population
over the time horizon for the benefit of research (in this case equal to the technology time
horizon) if all sources of uncertainty could be immediately resolved. They include both
improvements in health outcomes for this population but also NHS resource savings that
could be made and used to generate QALY elsewhere.

s. Five experts with experience and knowledge of EECP in the UK independently completed
an Microsoft Excel-based exercise (Microsoft Corporation, Redmond, WA, USA). The
uncertainty associated with any judgement is critical, so a frequency chart format, in which
experts place 20 crosses on a frequency chart to represent a distribution, was adopted. The
results from each expert were linearly pooled, with equal weight, providing the probability of
continuing to respond to treatment in each subsequent year. The uncertainty associated with
these pooled estimates was characterised by fitting beta distributions to pooled responses.

t. The probability of error associated with 12 months of treatment reported in Table 19 will
not, in general, equal the sum of the probabilities of error across the parameters because the
overall probability from PSA takes account of the joint effect of uncertainty in all parameters
simultaneously. Even if parameters are independent they will be related to differences
in NHE in different ways (indicated by the sign and magnitude of the elasticities - see

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.



108

Table 21), so sometimes the effect of uncertainty in one may, to some extent, ‘substitute’ or
‘complement’ the effect of uncertainty in others.

u. For a similar reason to that in note t, the overall expected consequences of uncertainty
reported in Table 19 (5194 QALYs) will not, in general, equal the sum of the expected
consequences for each of the parameters separately (5432 QALYs).

v. The sequence in which research might be conducted can also be considered. This is
discussed at greater length and more formally in Appendix 6, that is, OIR for treatment
effects followed by AWR for natural history if that research continues to be necessary once
research recommended in OIR reports. If it is feasible to withdraw approval of a technology
that is expected to be cost-effective to allow research to be conducted then in this case
AWR followed by OIR if necessary is likely to offer greater expected population NHEs (see
Appendix 6, Does the sequence of research have implications for AWR and OIR?).

w. These values represents an upper bound on what might be gained by resolving each alone.
The potential value of resolving these uncertainties together is much greater for the reasons
given in note t.

x. This assumes that either prescribing will switch from the brand to the equivalent generic
(brands tend to maintain or even increase premium prices in some health-care systems after
patent expiry) or that any new branded technologies will be appraised and/or priced using
generic versions of the old brand as a comparator.

y. The value of the research will be realised only when clinical practice changes because of
either revised NICE guidance or diffusion of research findings.”>’* Some assessment of
the speed of implementation of research findings and revised NICE guidance ought to be
considered at this point (see Appendix 6, How long until the research reports?).

z. These are much higher values of immediate research than the 4495 QALYs or £89.9M in
Figure 15 without the entry of a new technology but with a similar price change.

aa. There may continue to be value if evidence about CLOP remains an important link in mixed
or indirect treatment comparisons required to evaluate the new technology.

ab. This is likely to be an increasingly common scenario if value-based pricing effectively makes
all branded technologies equally cost-effective.

ac. Even with such investment AWR might not be possible if there is insufficient variation
in treatment assignment and no robust way of controlling for unobserved characteristics
through selection models, for example use of instrumental variables.

ad. Research as part of OIR might also commit irrecoverable costs although the scale of this
commitment will be more limited than with approve or AWR, that is, OIR will avoid at least
some of the commitment.

ae. Any difference in costs of research under AWR or OIR guidance can easily be integrated into
these assessments.

Appendix 5

a. The term ‘health technology’ is used here as a generic descriptor for all types of interventions
examined in NICE’s Technology Appraisal Workstream.

b. Department of Health. Faster access to modern treatment: how NICE appraisal will work.
London: Department of Health; 1999.

c. http://www.nice.org.uk/media/A1A/E6/NICEAHRQWorkshopReportFINAL.pdf.

Appendix 6

a. For interventions with non-marginal impacts the extent of displacement is large enough to
alter k.

b. Throughout we assume that an unbiased estimate of the expectation is derived from a
probabilistic analysis.
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¢. In principle, when applying this framework it would be possible that a new intervention that
offered lower health benefits to patients than current treatments (h(2,0) <h(1,0)) could offer
an improvement in NHEs if the costs were sufficiently lower (c(2,0) < ¢(1,0)) because the
health gains achievable by investing the released funds in other activities outweigh the health
losses to patients receiving the less effective intervention

[c(1,8)—c(2,0)]/k>h(1,0)—h(2,6).

Some might have concerns that this could lead to patients being provided with harmful
interventions, but in most jurisdictions there exists a mechanism for preventing this outcome
in the form of social values, laws and regulatory agencies that prevent interventions that are
harmful compared with no treatment from being developed or coming to market.

d. We assume that the investment profile of the displaced activities matches that of the
new intervention.

e. This irrecoverable cost was incorporated in Tables 36 and 37 using a time horizon of T.=10
for annuitisation and a discount rate of zero and assuming that it provided a joint resource
which was utilised by the whole patient population during that time period.

f. Asyet we have not considered how guidance might change and so cannot estimate the
benefits that might accrue after that point, but this is considered later (see How long until the
research reports?).

g. The value of further research is not contingent on the adoption decision. In Table 39,
regardless of whether or not the new technology is the cost-effective alternative there is an
additional benefit to resolving 0. If NHE(1,0) is the net benefit of the new treatment, Table 39
shows that it is not cost-effective to approve the new treatment but there is still a benefit to
further research rather than simply rejecting it and continuing to use intervention 2.

h. When alternative modelling assumptions would suggest that different interventions would
be expected to be cost-effective the NHEs of choosing the best intervention when integrating
both parameter and modelling uncertainty cannot be found by averaging the NHEs of
choosing the best intervention within each scenario. This is because

max E,E NHE(},0,s) # E, [maerNHE(j,G,s)}
J J

i. The pay-offs from approve and reject can be expanded by splitting at T=6 to facilitate a more
easy comparison of the pay-offs pre and post research reporting, e.g.

T L
+ E _NHE(j,0). C—
Sigdy e G )§(1+d)‘

HAppmve =max E,NHE(},0).
]

Appendix 7

a. A pilot exercise was initially conducted with one expert to ensure that the questions were
clear and interpreted correctly. For the final exercise, seven experts were identified on
the basis of their experience and knowledge of EECP in the UK. Five of them completed
the exercise.

b. All analysis has been conducted at the upper and lower bounds for the range that NICE has
adopted for the threshold; however, unless otherwise stated results in the text and figures
relate to a threshold of £20,000 per QALY.

c. In Figure 45 the technology time horizon happens to coincide with the lifetime of the
equipment but it need not.

d. In mathematics and economics this is referred to as expected opportunity loss. In decision
theory and its applications, including economic evaluation, it is referred to as the EVPL. It is
also directly related to option value in financial economics.
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e. The alternative, which is expected to be cost-effective, may not have the highest probability
of being cost-effective if, as in this case, the distribution of NHEs are skewed, that is, when
the NHEs of EECP are greater than those of standard care they are much greater but when
standard care offers higher NHEs they are only a little higher than those of EECP.

f. Any difference in costs of research under AWR or OIR guidance can easily be integrated into
these assessments.

Appendix 8

a. Estimates of expected costs and QALYs reported and used in subsequent analysis are the
mean costs and QALY derived from probabilistic analysis using Monte Carlo simulation.
The costs and QALY from a deterministic analysis will be incorrect unless the model is
linear or multilinear with independent parameters. Within the model, CLOP was assumed to
not impact directly on the long-term outcomes of patients and this is important in evaluating
model linearity, specifically in analyses over treatment effect parameters. Treatment effects
were applied in a multilinear formulation of the decision model (the decision tree); because
of this we do not expect significant non-linearity when analysing the value of further
research associated with these parameters.

b. The following table depicts the expected cost-effectiveness of CLOP per patient treated
estimated using a deterministic analysis. These results indicate no evidence of non-linearity
of the model.

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000

per QALY per QALY
ICER (£/
Treatment  Cost(£)  QALYs QALY) NHE, QALYs (£) NHE, QALYs (£)
CLOP12 20,094 8.117 18,723 7.112 (142,246) 7.447 (223,416)
CLOP6 19,826 8.093 10,514  7.102 (142,034) 7.432 (222,964)
CLOP3 19,678 8.078 9425 7.094 (141,882) 7.422 (222,662)
CLOP1 19,564 8.066 4999 7.088 (141,756) 7.414 (222,416)
NHS 19,467 8.047 - 7.074 (141,473) 7.398 (221,943)

. All analysis has been conducted at the upper and lower bounds for the range that NICE has

adopted for the threshold; however, unless otherwise stated results in the text relate to a
threshold of £20,000 per QALY.

. The time horizon for the technology might be longer or shorter than the patient time

horizon. Technology time horizons might be based on historical evidence of the
obsolescence of health technologies but any estimate will be a proxy for a complex and
uncertain process of future changes in new technologies, prices and evidence. Therefore, the
impacts of different technology time horizons have been explored.

. In mathematics and economics this is referred to as expected opportunity loss. In decision

theory and its applications, including economic evaluation, it is referred to as the EVPI. It is
also directly related to option value in financial economics.

. 'The consequences of uncertainty based on means can be estimated from

(1-p)x(NHE -NHE, ), where p represents the probability that the decision to adopt

CLOPI12 NHS

CLOP is correct.

. It should be noted that these estimates of QALY's that might be gained are for the population

over the time horizon for the benefits of research (in this case equal to the technology time
horizon) if all sources of uncertainty could be immediately resolved. They include both
improvements in health outcomes for this population but also NHS resource savings that
could be made and used to generate QALY's elsewhere.
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h. The probability of error associated with 12 months of treatment reported in Table 93 will,
in general, not equal the sum of the probabilities of error across the parameters because the
overall probability from PSA takes account of the joint effect of uncertainty in all parameters
simultaneously. Even if parameters are independent they will be related to differences
in NHEs in different ways (indicated by the sign and magnitude of the elasticities), so
sometimes the effect of uncertainty in one may, to some extent, ‘substitute’ or ‘complement’
the effect of uncertainty in others.

i. The overall expected consequences of uncertainty reported in Table 93 (5194 QALYs) will
not, in general, equal the sum of the expected consequences for each of the parameters
separately (5432 QALYs).

j. The sequence in which research might be conducted can also be considered. This is
discussed at greater length and more formally in Appendix 6, that is, OIR for treatment
effects followed by AWR for natural history if that research continues to be necessary once
research recommended in OIR reports. If it is feasible to withdraw approval of a technology
that is expected to be cost-effective to allow research to be conducted then in this case AWR
followed by OIR if necessary is likely to offer greater expected population NHEs.

k. This assumes that either prescribing will switch from the brand to the equivalent generic
(brands tend to maintain, or even increase, premium prices in some health-care systems after
patent expiry) or that any new branded technologies will be appraised using generic versions
of the old brand as a comparator.

1. There may continue to be value if evidence about CLOP remains an important link in mixed
or indirect treatment comparisons required to evaluate the new technology.

m. This is likely to be an increasingly common scenario if value-based pricing effectively makes
all branded technologies equally cost-effective.

n. These are much higher values of immediate research than the 4495 QALY or £89.9M in
Tables 103 and 104 without the entry of a new technology but with a similar price change.

0. Under OIR access to CLOP is not granted until research reports. In calculations we assumed
that, before research reports, patients accrue an average NHE estimated using treatments
other than CLOP. In averaging weights derived from the PSA results were used.

p. If patients waiting for research to report under OIR use the next best treatment (6 months of
treatment with CLOP), instead of an average NHE, T* is 7.5 years.

Appendix 9

a. Estimates of expected costs and QALY reported and used in subsequent analysis are the
mean costs and QALY's derived from probabilistic analysis using Monte Carlo simulation.
The costs and QALY from a deterministic analysis will be incorrect unless the model is
linear or multilinear with independent parameters.

b. All analysis has been conducted at the upper and lower bounds for the range that NICE has
adopted for the threshold; however, unless otherwise stated results in the text and figures
relate to a threshold of £20,000 per QALY.

c. All analysis has been conducted using an annual incidence of 307 patients unless
otherwise stated.

Appendix 10

a. TA104" included an AWR recommendation in the ACD but this was removed in the FAD.
The recommended research was to enter patients into the BSR register on the grounds of the
possibility of severe side effects and little information on the use of these agents beyond the
duration of RCTs.

b. Throughout the case study, estimates of expected costs and QALYs reported and used in
subsequent analysis are the mean costs and QALY derived from probabilistic analysis using
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Monte Carlo simulation. The costs and QALY from a deterministic analysis will be incorrect
unless the model is multilinear with independent parameters.

c. This is the time horizon over which costs and benefits are likely to differ for an individual
patient (commonly termed the model time horizon). In some circumstances (e.g. when there
is a mortality effect) this will be the lifetime of the patient. Expected costs and QALY's each
period are the expectations (means) from the results of probabilistic analysis. All future costs
and QALY (per patient or population) are discounted at 3.5% throughout.

d. Because of the non-linear nature of the PsA model, the deterministic results are somewhat
different from the means of the probabilistic analysis. The deterministic results show that
adalimumab is the most cost-effective treatment, with an ICER of around £18,000.

e. The time horizon for the technology might be longer or shorter than the patient time
horizon. Technology time horizons might be based on historical evidence of the
obsolescence of health technologies but any estimate will be a proxy for a complex and
uncertain process of future changes in new technologies, prices and evidence. Therefore, the
impacts of different technology time horizons have been explored.

Appendix 11

a. For a more comprehensive introduction to the evaluation of the value of further research
associated with specific parameters please see Brennan et al.*® The authors also highlight
briefly the issues of non-linearity and correlation in this context.

b. To estimate the value of resolving all uncertainty (upper bound for the value of further
research) in a specific parameter (or subset of parameters) of interest, 6', when uncertainty
in other parameters will not be resolved (6" such that 6 ={6,,6}), the following expression
needs to be evaluated

E, maxE NHE].(G)— max EGNHEj(G).
j j

o'
We need to know not only the expected NHEs of each intervention but also the expected
maximum NHEs. The latter involves a nested expectation that, when evaluated using
probabilistic analysis, involves two nested simulation procedures to be used, one for
each expectation.

c. Following the notation used in note b, the expected NHEs conditional on 6' assuming a
specific value x can be represented by

E,.,._ NHE,(6).

616" =x
The evaluation of conditional NHEs is integral to the evaluation of the value of resolving all
uncertainty in specific parameters (see note b).

d. If the distribution of ¢ |9’ is known, we can evaluate directly the expected
conditional NHE:

I_ Cipnl _
Eyepr  NHE(6'=x,6°6" =x).

e. In using simulated Markov chain Monte Carlo results informing multiple model parameters
after Bayesian inference, the Markov chain Monte Carlo simulations on the set of parameters
must be kept paired to maintain correlation within the group of parameters.

f. Brennan et al.?*® has demonstrated that the presence of small correlations may not impact
significantly on estimates of the value of resolving uncertainty when assuming linearity.
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g. Also, in multilinear models the relation E[NHEel‘gz:x ] = E[NHEE(Q1 )|9z:x:| should sustain in
the absence of meaningful correlation.

h. For the purpose of this example we assume that the decision-maker allocates the budget over
10-year periods. More complexity is added if the budget must be balanced in a time frame
less than the lifetime of the intervention. This is because of the difference between when the
costs for the new treatment are accrued and when the costs from the displaced treatment
are released.
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Search strategies

Traditional literature searches
Scoping search
Ovid MEDLINE(R) -1996 to week 2 February 2010
Searched via Ovid, 18 February 2010.

Medical subject heading (MeSH) terms:

Health Policy/ (24,246)

Decision Making/ (32,178)

exp policy making/ (10,169)

Insurance Coverage/ (5950)

Insurance, Health/ (8791)

Insurance, Health, Reimbursement/ (3860)
Insurance Benefits/ (1246)

Evidence-Based Medicine/ (35,935)
uncertainty/ (2644)

Medicare/ (14,219)

. Reimbursement Mechanisms/ (4658)

. Technology Assessment, Biomedical/ (4437)
. lor2or3or4or5or6or7or8or9orl0orllorl2(132,518)

¥ PN WD

— = =
W N = o

Key terms:

14. ((access$ or cover$ or approv$ or reimburs$ or fund$ or licens$ or licenc$ or list$) adj (with
or in) adj (evidence or condition$)).ti,ab. (30)

15. “only in research’ti,ab. (26)

16. “only with research’ti,ab. (2)

17. “in the context of research’ti,ab. (125)

18. “condition$ of coverage$”.ti,ab. (57)

19. “condition$ of reimburse$”.ti,ab. (13)

20. 14 or150r 16 or 17 or 18 or 19 (251)

Words near to words terms:

21. ((interim or condition$ or restrict$ or evidence) adj2 (fund$ or reimburse$ or cover$ or
approv$ or list$ or access$ or licens$ or licenc$)).ti,ab. (3602)

22. 13 and 20 (82)

23. limit 22 to yr = “1999 - 2010 (77)

24. limit 20 to yr = “1999 - 2010 (223)

25. 13 and 21 (443)

26. limit 25 to yr = “1999 - 2010” (404)

27. limit 21 to yr= “1999 - 2010” (3082)
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Results were then deduplicated so that only additional records not found by the preceding search
were added to the library.

Search Results  Results after deduplication
Key terms AND MeSH 77 77
Key terms only 223 146
near to terms AND MeSH 404 341
near to terms only 3082 2648

Results were reviewed and the final strategy adopted was to use only the ‘Key terms’ searches,
with several additions. The ‘near to terms’ retrieved few relevant records and additional key terms
were added to ensure that these were captured. The relatively low number of results meant that
combining ‘Key terms’ with MeSH terms to reduce the results set was not necessary.

Final search strategies

Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and
Ovid MEDLINE(R) -1950 to present

Searched via Ovid, 24 February 2010.

1. ((access$ or cover$ or approv$ or reimburs$ or fund$ or licens$ or licenc$ or list$) adj (with
or in) adj (evidence or condition$)).ti,ab. (45)

“only in research’.ti,ab. (43)

“only with research’ti,ab. (2)

“in the context of research’.ti,ab. (158)

“condition$ of coverage$”ti,ab. (82)

“condition$ of reimburse$”ti,ab. (19)

(condition$ adj fund$).ti,ab. (21)

lor2or3or4or5or6or7(365)

limit 8 to yr = “1999 - 2010” (258)

W XN BN

EMBASE -1980 to week 7 2010
Searched via Ovid, 24 February 2010.

1. ((access$ or cover$ or approv$ or reimburs$ or fund$ or licens$ or licenc$ or list$) adj (with
or in) adj (evidence or condition$)).ti,ab. (36)

“only in research’ti,ab. (38)

“only with research’ti,ab. (1)

“in the context of research’ti,ab. (108)

“condition$ of coverage$”ti,ab. (39)

“condition$ of reimburse$”ti,ab. (13)

(condition$ adj fund$).ti,ab. (20)

lor2or3or4or5or6or7(252)

limit 8 to yr = “1999 - 2010” (182)

VXN RN

The Cochrane Library [Cochrane Database of Systematic Reviews
(CDSR), Database of Abstracts of Reviews of Effects (DARE), HTA
database, NHS Economic Evaluation Database (NHS EED)]

Searched via www3.interscience.wiley.com/tools/citex, 24 February 2010.

#1 ((access* or cover* or approv* or reimburs* or fund* or licens* or licenc* or list*) NEXT
(with or in) NEXT (evidence or condition$)) (1)
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#2 “only in research” (1)

#3 “only with research” (0)

#4 “in the context of research” (4)

#5 “condition* of coverage*” (0)

#6 “condition* of reimburse*” (0)

#7 condition* NEXT fund* (22)

#8 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7), from 1999 to 2010 (22)

EconlLit -1969 to February 2010
Searched via Ovid, 24 February 2010.

1. ((access$ or cover$ or approv$ or reimburs$ or fund$ or licens$ or licenc$ or list$) adj (with
or in) adj (evidence or condition$)).ti,ab. (0)

“only in research”ti,ab. (0)

“only with research”ti,ab. (0)

“in the context of research”ti,ab. (15)

“condition$ of coverage$”ti,ab. (12)

“condition$ of reimburse$”ti,ab. (4)

(condition$ adj fund$).ti,ab. (7)

lor2or3or4or5or6or7(38)

limit 8 to yr = “1999 - 2010” (37)

W XN

Cumulative Index to Nursing and Allied Health Literature
Searched via EBSCO, 24 February 2010.
Results limited to 1999 onwards.

1. TX “access* with evidence” or TX “coverage* with evidence” or TX “approv* with evidence”
or TX “reimburs* with evidence” or TX “fund* with evidence” or TX “licenc* with evidence”
or TX “licens* with evidence” and TX “list* with evidence”

2. TX “access* in evidence” or TX “coverage* in evidence” or TX “approv* in evidence” or
TX “reimburs* in evidence” or TX “fund* in evidence” or TX “licenc* in evidence” or TX
“licens* in evidence” and TX “list* in evidence”

3. TX “access* with condition*” or TX “coverage* with condition*” or TX “approv* with
condition*” or TX “reimburs* with condition*” or TX “fund* with condition*” or TX
“licenc* with condition*” or TX “licens* with condition*” and TX “list* with condition*”

4. TX “access* in condition*” or TX “coverage* in condition*” or TX “approv* in condition*” or

TX “reimburs* in condition*” or TX “fund* in condition*” or TX “licenc* in condition*” or

TX “licens* in condition*” and TX “list* in condition*”

TX “only in research”

TX “only with research”

TX “in the context of research”

TX “condition* of coverage*”

TX “condition* of reimburse*”

10. TX “condition* fund*”

11. 1or2or3or3or5or6or7or8or9orl0(378)

Yo NT

Grey literature searches

New York Academy of Medicine Grey Literature Report

Searched via www.nyam.org/library/pages/grey_literature_report, 8 March 2010.
““ti,phr: access with evidence or ti,phr: coverage with evidence or ti,phr: approval with evidence
or ti,phr: approved with evidence or ti,phr: reimbursement with evidence or ti,phr: reimbursed
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with evidence or ti,phr: reimburse with evidence or ti,phr: funding with evidence or ti,phr:
funded with evidence or ti,phr: licenced with evidence or ti,phr: licensed with evidence or
ti,phr: licensing with evidence or ti,phr: licencing with evidence or ti,phr: licence with evidence
or ti,phr: license with evidence or ti,phr: list with evidence or ti,phr: lists with evidence or

ti,phr: listed with evidence or ti,phr: access in evidence or ti,phr: coverage in evidence or ti,phr:
approval in evidence or ti,phr: reimbursement in evidence or ti,phr: reimbursed in evidence

or ti,phr: reimburse in evidence or ti,phr: funding in evidence or ti,phr: funded in evidence

or ti,phr: licenced in evidence or ti,phr: licensed in evidence or ti,phr: licensing in evidence or
ti,phr: licencing in evidence or ti,phr: licence in evidence or ti,phr: license in evidence or ti,phr:
list in evidence or ti,phr: lists in evidence or ti,phr: listed in evidence mc-ccode:GREYLIT” ”
“ti,phr: access with conditions or ti,phr: coverage with conditions or ti,phr: approval with
conditions or ti,phr: approved with conditions or ti,phr: reimbursement with conditions or
ti,phr: reimbursed with conditions or ti,phr: reimburse with conditions or ti,phr: funding with
conditions or ti,phr: funded with conditions or ti,phr: licenced with conditions or ti,phr: licensed
with conditions or ti,phr: licensing with conditions or ti,phr: licencing with conditions or ti,phr:
licence with conditions or ti,phr: license with conditions or ti,phr: list with conditions or ti,phr:
lists with conditions or ti,phr: listed with conditions mc-ccode:GREYLIT”

““ti,phr: access in conditions or ti,phr: coverage in conditions or ti,phr: approval in conditions
or ti,phr: approved in conditions or ti,phr: reimbursement in conditions or ti,phr: reimbursed in
conditions or ti,phr: reimburse in conditions or ti,phr: funding in conditions or ti,phr: funded in
conditions or ti,phr: licenced in conditions or ti,phr: licensed in conditions or ti,phr: licensing in
conditions or ti,phr: licencing in conditions or ti,phr: licence in conditions or ti,phr: license in
conditions or ti,phr: list in conditions or ti,phr: lists in conditions or ti,phr: listed in conditions
mc-ccode:GREYLIT” ?

“ti,phr: only in research or ti,phr: only with research or ti,phr: OIR mc-ccode:GREYLIT”

“ti,phr: in the context of research or ti,phr: condition of coverage or ti,phr: conditions of
coverage or ti,phr: condition of reimbursement or ti,phr: conditions of reimbursement

or ti,phr: conditional funding or ti,phr: conditionally funded or ti,phr: conditional funds
mc-ccode:GREYLIT”

IDEAS - University of Connecticut Department of Economics

Searched via http://ideas.repec.org/search.html, 9 March 2010.

Phrase searching restricted to papers, chapters, books and software components, for
following phrases:

access with evidence
coverage with evidence
approval with evidence
approved with evidence
reimbursement with evidence
reimbursed with evidence
reimburse with evidence
funding with evidence
funded with evidence
licenced with evidence
licensed with evidence
licensing with evidence
licencing with evidence
licence with evidence
license with evidence

list with evidence

lists with evidence
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listed with evidence
access in evidence
coverage in evidence
approval in evidence
approved in evidence
reimbursement in evidence
reimbursed in evidence
reimburse in evidence
funding in evidence
funded in evidence
licenced in evidence
licensed in evidence
licensing in evidence
licencing in evidence
licence in evidence
license in evidence

list in evidence

lists in evidence

listed in evidence

access with conditions
coverage with conditions
approval with conditions
approved with conditions
reimbursement with conditions
reimbursed with conditions
reimburse with conditions
funding with conditions
funded with conditions
licenced with conditions
licensed with conditions
licensing with conditions
licencing with conditions
licence with conditions
license with conditions
list with conditions

lists with conditions
listed with conditions
access in conditions
coverage in conditions
approval in conditions
approved in conditions
reimbursement in conditions
reimbursed in conditions
reimburse in conditions
funding in conditions
funded in conditions
licenced in conditions
licensed in conditions
licensing in conditions
licencing in conditions
licence in conditions
license in conditions
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list in conditions
lists in conditions
listed in conditions

in the context of research
condition of coverage
conditions of coverage
condition of reimbursement
conditions of reimbursement
conditional funding
conditionally funded
conditional funds

Note: the phrases ‘only in research’ and ‘only with research’ were not searchable as ‘only, ‘in’ and
‘with’ are all stopwords and stopwords are applied even when phrase searching is selected. Search
therefore searches for ‘research’ only and retrieves over 24,000 records.

In total, 64 results were saved to MRC OIR Project/Literature Search/IDEAS results.docx. These
were screened and none was found to be relevant.

Results
Database Results Results after deduplication
MEDLINE and MEDLINE In-Process & Other Non-Indexed Citations 258 253
EMBASE 182 50
CDSR 2
DARE 7
HTA 2
NHS EED 9
EconLit 37 35
CINAHL 378 317
New York Academy of Medicine 0 0
IDEAS 0 0
Total 875 675
Websites searched for policy documents
Organisation Web link Search terms
UK sources
Department of Health www.dh.gov.uk/en/Publicationsandstatistics/index.htm Coverage with evidence
Only in research
Free scan of website
NICE Via www.evidence.nhs.uk Coverage with evidence
Only in research
Free scan of website
HM Treasury http://archive.treasury.gov.uk/ Free scan of subject headings — linked to news
releases
Free scan of current news releases and reports
House of Commons Health www.parliament.uk/parliamentary_committees/health_ Free scan of the reports and publication web
Committee committee/health_committee_reports_and_publications.  pages

cfm
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Organisation

Web link

Search terms

NICE Citizens Council

Office of Fair Trading

Office for Life Sciences

NHS Scotland and NHS Quality
Improvement Scotland

Health Industry Forum

Department for Business,
Innovation & Skills

Non-UK sources

Centers for Medicare &
Medicaid

Center for Medical Technology
Policy

Organisation for Economic
Co-operation and Development
(OECD)

European network for Health
Technology Assessment
(EUnetHTA)

www.nice.org.uk/aboutnice/howwework/citizenscouncil/
reports.jsp

www.oft.gov.uk/advice_and_resources/publications/

www.bis.gov.uk/publications

www.show.scot.nhs.uk/publications/publication.asp
www.nhshealthquality.org/nhsgis/CCC_FirstPage.jsp

http://healthforum.brandeis.edu/publications/index.html

www.berr.gov.uk/publications/reports/index.html

www.cms.hhs.gov/home/rsds.asp

www.cmtpnet.org/recent-articles

www.oecd.org/publications/0,3353,

www.eunethta.eu

All of the available reports (13) were scanned

Free scan of reports section of publications

Only in research
Coverage with evidence
Free scan by subject
Only in research
Coverage with evidence
Free scan of publications

Free scan of publications list

Only in research
Coverage with evidence
Managed entry

Also free scan by subject

Free scan of the Research, Statistics, Data &
Systems web pages

Free scan of publications list

Only in research
Coverage with evidence
Free scan by ‘Health’ and ‘Economics’ subjects

Free scan of website and publications section

Summary of search results

Table 27 summarises the total number of references identified, the number identified for full
screening and the final number from each source included in the review. From the total number
of references retrieved by the searches, potentially relevant references were initially identified
by screening titles and abstracts. Full copies of all of these references were then obtained and
subjected to full screening. References were included in the review if they explicitly discussed
any of the following issues relating to OIR/AWR: terminology, taxonomy, general themes and/
or principles including evidence collection, investment and reversal costs, changing prices and
ethical considerations. In addition, case study applications were included if any of the above
issues were discussed in detail as part of the application or interpretation of the results.

Of the 675 references identified using the traditional systematic search, full papers were obtained

for only 56 despite a relatively inclusive approach being adopted (any mention of OIR/AWR or
related terms in the titles or abstracts). Of these, 27 references were eventually included as part
of the review (18 of which had been previously identified as part of the initial set of key papers

used for the citation searches). Although this is fewer than the number of references identified in

the traditional literature in the Stafinski et al. review® (n=68), it simply reflects the fact that the

literature discussing general principles and themes relevant to OIR/AWR is considerably smaller

than the literature reporting specific applications and case studies.
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TABLE 27 References identified by source

Total no. of references  No. of relevant references

Source retrieved (full screening) No. of references included in the review

Original list of key 31

references

Traditional literature 675 56 27 (18 of which already in original key paper list)

search

Grey literature search 64 0 0

Citation search 122 16 7 (2 of which already identified from original key paper list)

Policy websites 280 14 11 (9 of which already identified from original key paper list
and systematic searches)

Advisory Group 7 5 5 (4 of which are already in original key paper list)

references

Other sources HTAI interest group=>5 HTAI interest group=>5 HTAI interest group=3

PATH interest group=4
Stafinski et al.

PATH interest group=4
Stafinski et al. review =4

PATH interest group=4
Stafinski et al. review® =2

review® =68

In total, 64 potentially relevant references were identified from the grey literature searches.
However, after full screening, none of these references was included in the final review. The
absence of grey literature discussing general principles and themes contrasts with the findings
from the Stafinski review?® in which the majority of case studies were located from grey literature
sources. Although this difference could be due to the more limited range of grey literature
databases searched here, it seems more likely that the reporting format of case study applications
(typically in the form of presentation slides) means that these would be identified only through
grey literature searches. In addition, it should be noted that several references from the grey
literature were already identified from searches of other sources through the HTAI interest group,
PATH website and additional Advisory Group suggestions.

The citation searches identified 122 potentially relevant references. After final screening, five
additional references were deemed relevant for inclusion in the review. From the remainder of
the searches undertaken, a further two references were identified from the policy websites**
(Table 28), one from the Advisory Group suggestions, four from the PATH interest group and
three from the HTAI interest group. In addition, by cross-referencing with the results from

the Stafinski et al. paper,® four additional references were identified, two of which were journal
articles not previously identified in the traditional systematic search. Table 29 gives the full list of
included references and areas covered.
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TABLE 28 Results from policy website searches

Organisation

Potentially relevant references

Included references

UK based
NICE

NICE Citizens Council

Department of Health

HM Treasury

House of Commons Health Committee
Health Industry Forum

Office of Fair Trading

Office for Life Sciences

NHS Scotland and NHS Quality
Improvement Scotland

Department for Business, Innovation &
Skills

Non-UK based

Centers for Medicare & Medicaid
Center for Medical Technology Policy

Organisation for Economic Co-operation
and Development (OECD)

European network for Health Technology
Assessment (EUnetHTA)

‘Coverage with evidence’ =196 under NICE and
economics subsections

‘Only in research’ =45 under NICE subsection

o =+ O 0w o o =

Search terms: ‘only in research’ and
‘evidence’=19

‘Coverage evidence’ =0

Managed entry=0
Free scan=1

1 (already included in list of key papers)

0

0

1 (already included in list of key papers)

2 (1 of which already included in list of key papers)
0

1 (already included in list of key papers)

0

1 (already included in list of key papers)

7 (all of which already identified from key papers
and traditional searches)

0
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TABLE 29 Full list of included references and overview of issues covered in each reference

Specific issues

Investment Changing Ethical issues/
Terminology General Evidence  and reversal  price of social value Examples(s) of
Reference and taxonomy  themes collection  costs technology  judgements application

Journal articles

1. Anon 2007% v v v v

2. Bowen 2009" v v v v
3. Breckenridge 2008% v

4. Brezis 2006 v 4
5. Brice 2008% v

6. Briggs 2010'®

7. Carbonneil 2009
8. Carino 2004% v
9. Carino 2006*

10. Carlson 2010% v
11. Chalkidou 20073 v
12. Chalkidou 2008%

13. Chalmers 200728

14. Dhalla 2009%

15. Gafni 2007

16. Garber 2008

17. Goeree 2006%°

18. Goeree 2007

19. Groeneveld 2006

20. Hutton 2007+

21. Kamerow 2007%2

22. Krich 20074

23. Lindsay 20074

24. Macdonald 2008+

25. McCabe 2010% v
26. Menon 2010%

27. Miller 2006?

28. Mohr 2010%

29. Neumann 2008

30. Niezen 20074 v
31. Pearson 2006

32. Ramsey 2005%

33. Reed 2008*

34, Stafinski 20108 v
35. Straube 2005%

36. Thornton 20074

37. Towse 2010% v
38. Trueman 2010%*
39. Tunis 2006° v
40. Tunis 20075

41. Tunis 2009%

42. Wallner 2008% v
43. Whalley 2004% v
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TABLE 29 Full list of included references and overview of issues covered in each reference (continued)

Specific issues

Investment Changing Ethical issues/

Terminology General Evidence  and reversal  price of social value Examples(s) of

Reference and taxonomy  themes collection  costs technology  judgements application
Policy documents
44, Centers for Medicare v v v

& Medicaid Services

2006%
45. Cooksey 2006° v v v
46. Department of Health v v

1999
47. House of Commons v v v v

Health Committee

2005
48. Mechanic 2007% v v v
49. Miller 20062 v v v
50. NHS Quality v v v v

Improvement Scotland

2008%
51. NICE and AHRQ v v v v v v

20085
52. NICE Citizens Council v v v v

2007"
53. Office for Life v v

Sciences 2009%
54. Office of Fair Trading v v v

20072
Other sources
55. Chalkidou 2006 v v v
56. CMTP 2009'% v v v
57. Reeves 2008% v v v
58. Sansom 2007 v v v v v
59. Slutsky 2008°" v v v v
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Appendix 2

An algorithm for ‘only in research’ and
‘approval with research’ decisions
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Appendix 3

Data extraction

TABLE 30 Data extraction template

1. Appraisal information
(@) Appraisal number
(b) Appraisal title
(c) Publication date

(d) Is the appraisal a review of previous guidance?
(e) Has the guidance been subsequently reviewed?
(f) Appraisal process (STA or MTA)

(g) Disease area
(h) Monotherapy or combination therapy

2. Recommendations
(i
(i

k) Type of research recommended (experimental or observational)

) Type of recommendation (OIR or AWR)
) OIR recommendation

(

() Applied to a subgroup?

(m) Patient access scheme offered?

(n) Patient access scheme accepted?

(0) Years until proposed review date

3. Background information on the condition

p) Incidence and prevalence of the condition

q) Total population affected

1) Type of technology (drug, device, diagnostic, procedure, etc.)

s) Alternative active treatment available?

4. Cost-effectiveness data
(t) Manufacturer/sponsor estimates of the:
ICER for the whole population
ICER for the OIR/AWR subgroup (where applicable)
Probability cost-effective at £20,000 and £30,000
(u) AG/ERG estimates of the:
ICER for the whole population
ICER for the OIR/AWR subgroup (where applicable)
Probability cost-effective at £20,000 and £30,000
(v) Committee’s best estimate of the cost-effectiveness (mean ICER and/or range)
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Appendix 3

TABLE 30 Data extraction template

5. Committee rational for OIR/AWR recommendation
(w) Evidence base

No evidence

Poor or insufficient evidence

Evidence suggests less effective than alternative

No or limited data on target population

No change in evidence base since previous appraisal

No or limited evidence on safety or adverse effects

No or limited evidence to support mechanism of action
Cost-effectiveness

Cost-effectiveness not assessed against appropriate comparator
Considered unlikely to be cost-effective

Uncertainty around cost-effectiveness too high
Investment/irreversibility

Overall costs too high

Irreversible/sunk costs too high

Concern about potential impact on ongoing or future research
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TABLE 31 Technology appraisals including OIR or AWR recommendations in draft or final guidance

Health Technology Assessment 2012; Vol. 16: No. 46

No. Technology appraisal subject Date ACD/FAD
TA2™34 Prostheses for primary total hip replacement April 2000 FAD only?
TASS8 Cervical cancer — liquid based cytology May 2000 FAD only?
TAG'% Taxanes for breast cancer June 2000 FAD only?
TAB% Hearing aid technology July 2000 FAD only?
TA16'®  Knee joints (defective) — autologous cartilage transplantation December 2000 FAD only?
TA17110 Colorectal cancer — laparoscopic surgery December 2000 FAD only?
TA231% Recurrent malignant glioma (brain cancer) — temozolomide April 2001 FAD only?
TA30'®  Taxanes for breast cancer September 2001 FAD only?
TA331% Colorectal cancer (advanced) — irinotecan, oxaliplatin and raltitrexed March 2002 FAD only?

(Tomudex®, Hospira)
TA35™6  Arthritis (juvenile idiopathic) — etanercept March 2002 FAD only?
TA36% Rheumatoid arthritis — etanercept and infliximab March 2002 FAD only?
TA37'%  Lymphoma (follicular non-Hodgkin’s) — rituximab (MabThera®, Roche) March 2002 FAD only?
TA44% Hip disease — metal on metal hip resurfacing June 2002 ACD and FAD
TAS0'¥" Leukaemia (chronic myeloid) — imatinib (Gilvec®, Novartis) May 2002 ACD only
TA51% Depression and anxiety — computerised cognitive behaviour therapy October 2002 ACD and FAD
TABO% Diabetes — patient education models November 2002 ACD only
TAB5Y Aggressive non-Hodgkin’s lymphoma — rituximab September 2003 ACD and FAD
TAG8* Macular degeneration (age-related) — photodynamic therapy September 2003 ACD and FAD
TA70'®  Leukaemia (chronic myeloid) — imatinib October 2003 FAD only
TA72"6  Rheumatoid arthritis — anakinra (Kieret®, Swedish Orphan) November 2003 ACD and FAD
TA75% Hepatitis C — pegylated interferons, ribavirin and alfa interferon January 2004 ACD and FAD
TAB6™  Gastro-intestinal stromal tumours (GIST) — imatinib May 2004 ACD only
TAB91%2 Cartilage injury — autologous chondrocyte implantation (ACI) May 2005 ACD and FAD
TA92'%  Tooth decay — HealOzone July 2005 FAD only
TA93'3 Colorectal cancer (advanced) — irinotecan, oxaliplatin and raltitrexed August 2005 ACD and FAD
TA97% Depression and anxiety — computerised cognitive behavioural therapy February 2006 ACD and FAD
TA9Q'#! Immunosuppressive therapy for renal transplantation in children April 2006 FAD only
TA10476  Psoriatic arthritis — etanercept and infliximab June 2005 ACD only
TA111'%2 Alzheimer's disease — donepezil (Aricept®, Eisai), galantamine (Reminyl® November 2006 (update 2009)  ACD and FAD

XL, Shire), rivastigmine (Exelon®, Novartis) and memantine (Ebixa®,

Lundbeck)
TA113%"  Diabetes (type 1 and 2) — inhaled insulin December 2006 ACD and FAD
TA121'%  Glioma — carmustine implants and temozolomide December 2005 ACD only
TA129'%  Multiple myeloma — bortezomib (Velcade®, Janssen) July 2006 ACD only
TA130"*  Rheumatoid arthritis — adalimumab, etanercept and infliximab February 2006 ACD only
TA135™  Mesothelioma — pemetrexed disodium March 2006 ACD only
TA142'%  Anaemia — erythropoietin (alpha and beta) and darbepoetin July 2005 ACD only
TA143'6  Ankylosing spondylitis — adalimumab, etanercept and infliximab July 2007 ACD only
TA159'*"  Pain (chronic neuropathic or ischaemic) — spinal cord stimulation October 2008 ACD and FAD
TA163%  Ulcerative colitis (acute exacerbations) — infliximab December 2008 ACD and FAD
TA166'*  Hearing impairment — cochlear implants December 2007 ACD only
TA167'"  Abdominal aortic aneurysm — endovascular stent-grafts February 2009 ACD and FAD

a ACDs were not publicly available for these appraisals.
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Appendix 4

Types and categories of guidance for
case studies

TABLE 32 Types and categories of guidance from using the checklist

Assessment 1 2 3 4 5 6 7 Guidance
1 Yes No Yes Yes Yes/no Yes - AWR!

2 Yes No Yes Yes Yes/no No - Approve’
3 Yes No Yes No Yes/no Yes Yes Approve?
4 Yes No Yes No Yes/no Yes No OIR'

5 Yes No Yes No Yes/no No - Approve®
6 Yes No No - - - - Approve* Part | of the algorithm
7 No No Yes Yes Yes/no Yes - 0IR?

8 No No Yes Yes Yes/no No - Reject’

9 No No Yes No Yes/no Yes Yes AWR?

10 No No Yes No Yes/no Yes No Reject?

11 No No Yes No Yes/no No - Reject®
12 No No No - - - - Reject*
13 Yes Yes Yes Yes Yes Yes Yes AWR?

14 Yes Yes Yes Yes Yes Yes No OIR®

15 Yes Yes Yes Yes Yes No Yes Approve®
16 Yes Yes Yes Yes Yes No No Reject®
17 Yes Yes Yes Yes No Yes Yes AWR*

18 Yes Yes Yes Yes No Yes No OIR*

19 Yes Yes Yes Yes No No - Approve® Part Il of the algorithm
20 Yes Yes Yes No Yes Yes Yes Approve’
21 Yes Yes Yes No Yes Yes No OIR®

22 Yes Yes Yes No Yes No Yes Approve®
23 Yes Yes Yes No Yes No No Reject®
24 Yes Yes Yes No No Yes Yes Approve®
25 Yes Yes Yes No No Yes No OIR®

26 Yes Yes Yes No No No - Approve™®
27 Yes Yes No - Yes - Yes Approve'
28 Yes Yes No - Yes - No Reject’
29 Yes Yes No - No - - Approve™
30 No Yes Yes Yes Yes/no Yes - OIR”

31 No Yes Yes Yes Yes/no  No - Reject? Part Ill of the algorithm
32 No Yes Yes No Yes/no Yes Yes AWR®

33 No Yes Yes No Yes/no Yes No Reject?
34 No Yes Yes No Yes/no No - Reject'®
35 No Yes No - - - - Reject!!
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Appendix 4

Assess cost-effectiveness and
population net health effects

Is it cost-effective?

N Go to
*~->» Appendix 2,
Part |

(Assess irrecoverable costs)

Are there
significant irrecoverable
costs?

No

1 Go to
, > Appendix 2,
E Part |
v
Go to
Appendix 1, (What type of evidence is needed?)
Part Il

No

research possible with

Assess other sources
of uncertainty

ncertainty be resolved>

No

\
Go to
Appendix 2,
Part |

Will research be conducted?
When will it be available?
How much will be resolved?

Reassess the benefits and
costs of further research

Are the No
benefits of research greater

han the costs?

Assess the benefits and
costs of early approval

Are the No
benefits of approval greater
than the costs?

Assessment

Key

Approve? OIR!

Approve®

FIGURE 29 Possible pathways for CLOP.
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Assess cost-effectiveness and
population net health effects

N Go to
*~->» Appendix 2,
Part llI

Go to
» Appendix 2,
Part |

Go to
» Appendix 2,
Part Il

E Will research be conducted? E
! When will it be available? !
A How much will be resolved? '

Go to
Appendix 2, v
Part Il Reassess the benefits and
[costs of further research] Go t?
Appendix 2,
Part Il

No
benefits of research greater

Assess the benefits and
costs of early approval

No
benefits of approval greater

OIR*

AWR*

Approve®

FIGURE 30 Possible pathways for EECP.

Assessment

Key

Will research be conducted?
When will it be available?
How much will be resolved?

Reassess the benefits and
costs of further research

Are the
benefits of research greater
han the costs?

No

Assess the benefits and
costs of early approval

Are the No
benefits of approval greater
han the costs?

OIR® Approve'®

Approve®
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Appendix 4

population net health effects

[Assess cost-effectiveness and]

No
Is it cost-effective?

Yes @ssess irrecoverable costs)

E Are there No
\ significant irrecoverable
Go to costs?
Appendix 2,
Part |

Yes

(Assess need for evidence)

\

B Go ;0 5 more research seem
ppendix 2, worthwhile?
Part Ill
| Yes
A
Go to
Appendix 2,
Part |

FIGURE 31 Possible pathways for OMAL.

Reject*

Key
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Assess cost-effectiveness
and population net health
effects

No

Is it cost-effective?

Yes (Assess irrecoverable costs)

E Are there No
\ Significant irrecoverable
Go to costs?
Appendix 2,
Part |

Yes

E (Assess need for evidence)

\
Go to Go to
Appendix 2, » Appendix 2,
Part Il Part |

Assessment

Guidance

B

Will research be conducted?
When will it be available?
How much will be resolved?

Will research be conducted?
When will it be available?
How much will be resolved?

Reassess the benefits and Reassess the benefits and
costs of further research costs of further research

No

Are the Are the No

benefits of research greater benefits of research greater
han the costs? han the costs?
Yes
Assess the benefits and
costs of early approval
OIR? Reject! AWR? Reject?

FIGURE 32 Possible pathways for PsA.
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Other sources of uncertainty: searches for sources of
additional information

The searches for sources of information to complete the assessments in Chapter 5 are detailed in
the following sections. Specifically they describe sources for each type of information required,
including access details.

Changes in the prices of the technology and its comparators
The anticipated time for drugs coming oft patent is available from a number of web-based
sources. These include:

1. MPA Business Services Limited (www.mpasearch.co.uk/mpadatasearch). This requires
registration and a fee for generating information, which is approximately £25-500 for a
single molecule.

2. Horizon scanning (www.ukmicentral.nhs.uk/pressupp/pe.htm) includes a patent database
that details the dates of drug patent issue. This service is available only to NHS staff or
through specific project permission.

3. The national patent database (www.ipo.gov.uk/patent/p-find/p-find-number.htm)
provides the date of patent registration. The appropriate patent can be found using the
INID code (on the patent page) or using http://gb.espacenet.com/search97cgi/s97_cgi.
exe?Action = FormGen&Template = gb/en/quick.hts to search by drug name or summary of
product characteristics. In the UK a patent typically lasts for 20 years from the application
date shown on the front page of the patent; thus, 20 years from this date will give the full-
term expiry date. One potential complication is that for pharmaceuticals this can be extended
up to a further 5 years by gaining a Supplementary Protection Certificate (SPC).

4. In the USA Google Patent finder is available (www.google.com/googlepatents/about.html).

For non-drugs (medical interventions, etc.) there is less information. Many medical devices will
have a trademark/CE mark (see www.ipo.gov.uk/tm/t-find/t-find-text/ to search by trademark
number or free text). Trademarks can last indefinitely as long as they are renewed every 10 years
(www.ipo.gov.uk/tm.htm). Any patent is likely to relate to some aspect of the device rather than
the device itself. Although prices may change over time they can also be relatively stable but with
incremental innovation of the original device. Again, this is likely to differ by health-care system,
technology and indication.

Regarding the extent of change there is again very little published information on the likely
impact of generics. The OFT estimated that, on average, generic prices tend to be 25% of the
original brand price before patent expiry.’? A recent HTA model'*® also used the assumption
that the generic price is equal to 25% of the original product price. A US study'* previously saw
the cost of CLOP at 80% of the branded cost (this was deemed inappropriate for the UK). These
general figures are, however, unlikely to be entirely accurate as reductions in prices are likely to
be location specific and differ by type of technology. This cannot be quantified but needs to be
recognised when interpreting the likely cost of generics.

Entry of new technologies
To identify any relevant new technologies that may be emerging there are a number of
sources available:

1. The topic selection by NICE gives some indication as to what drugs will soon be given
licences in the UK. The topic selection panel minutes are available at www.nice.org.uk/
getinvolved/topicselection/considerationpanels/minutes/minutes.jsp.



DOI: 10.3310/hta16460 Health Technology Assessment 2012; Vol. 16: No. 46 157

2. Also, proposed technology appraisals are given at www.nice.org.uk/ourguidance/
niceguidancebytype/technologyappraisals/proposedappraisals/nowave.jsp. Technology
appraisal topics not being progressed by NICE are available at www.nice.org.uk/getinvolved/
suggestatopic/outcomes/Topics.jsp.

3. New drugs suggested by https://www.ukpharmascan.org.uk/login. These are available only to
pharmaceutical companies and certain NHS staft.

4. Medical technologies in the Medical Technology Evaluation Programme (www.nice.org.uk/
aboutnice/whatwedo/aboutmedicaltechnologies/notifyaproducttoep.jsp). Contains a list of
technologies reviewed by the Medical Technologies Advisory Committee (MTAC) up to a
certain date.

5. Information about licence applications: new applications or change of use in progress are
available through NHS horizon scanning (www.ukmi.nhs.uk/applications/NDO/dbSearch.
asp). Requires registration to access ‘new drugs online’ Can be searched by drug name or
by BNF chapter. Search by developmental stage (licensed, Phase 1/2/3, licensed but not
launched, application filled, etc.).

6. Non-UK regulators such as the FDA (www.fda.gov/Drugs/informationondrugs/ucm079436.
htm) have databases containing upcoming competitors.

Many of the databases contain information on Phase II trials and so it may be necessary to try
to predict the number of these that will then proceed to Phase IIT and approval. The OFT life
cycle of drug development shows a 3-year period between initiation of Phase IT and Medicines
and Healthcare products Regulatory Agency (MHRA)/European Medicines Agency (EMEA)
approval.'? The same document also gives a period of 4.6 years from the initiation of Phase II to
the end of phase III (taken from DiMasi et al."* but it is unclear which figures this is using). In
the paper by DiMasi et al.'" a period of 9.9 years from initiation of Phase II to the beginning of
approval stage in the US market is quoted. The paper also presents the probability of approval
by clinical phase (Table 33). Using these figures the OFT states that on average 21.5% of drugs
entering clinical trials (Phases I, IT and III) will go through to market approval.

Other research reporting the technology and its comparators
There are a number of sources available to search for clinical research ongoing at the time of
appraisal. These include:

1. clinical trial registers (www.controlled-trials.com/, www.clinicaltrials.gov/)

2. the National Research Register (NRR) Archive (www.nihr.ac.uk/Pages/NRRArchive.aspx)
3. ClinicalTrials.gov (www.clinicaltrials.gov)

4. the World Health Organization (WHO) ICTRP (www.who.int/ictrp/en/).

These databases report on the sample size, end points, trial type, comparators, start date and
anticipated reporting date.

TABLE 33 Probability of approval by clinical phase™®

Clinical phase Probability of entering phase
Phase | 100

Phase I 71

Phase Il 31.4
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In addition, there are a number of non-clinical registries and outcomes databases. These include:

1.

2.

The NRR Archive (www.nihr.ac.uk/Pages/NRRArchive.aspx) - this covers all UK NHS-
funded research not just trials. The NRR stopped being updated in 2007.

The current equivalent is the UK Clinical Research Network (UKCRN) Study Portfolio
(http://public.ukcrn.org.uk/search/). The type of research that is eligible to be included in
the Portfolio database varies depending whether it is funded in England, Wales, Scotland
or Northern Ireland, but details of eligibility criteria are available at www.crncc.nihr.ac.uk/
about_us/processes/portfolio/p_eligibility.
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Appendix 5
Funding brief

MRC-NIHR METHODOLOGY RESEARCH PROGRAMME:
NEEDS-LED RESEARCH

FUNDING BRIEF

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
(‘only in research’)

1. BACKGROUND

Introduction
In its initial instructions to NICE, the Department of Health made provision for the Technology
Appraisal Committee to ‘recommend that further research is carried out to see whether the
potential promise of the intervention can be realised, indicate in broad terms the questions this
research should address and advise clinicians that, in the meantime, they should only use the
new intervention as part of a well-designed programme of research intended to answer these
questions’®

There is controversy about the terminology used to refer to these decisions. To date the term ‘only
in research’ (OIR) has been used. Also parallels have been drawn with the concept of ‘Coverage
with Evidence Development, which is used in the US (Hutton et al., [3]).

Of the 133 technology appraisal guidance documents issued by NICE between 1999 and the
end of 2007, 21 (26%) contained one or more ‘OIR’ recommendations. In practice, such ‘OIR’
decisions have been made when there are important uncertainties about the effectiveness and
cost-effectiveness of an intervention [1]. It is however acknowledged that ‘OIR’ decisions have
potential costs, benefits and risks; both the individual decisions themselves and the principle of
an ‘OIR’ decision option have been subject to international debate [2].

Importance of topic
Recently there have been a number of calls for NICE to use the ‘OIR’ decision option more often
[2;4;5] [1]. There has also been criticism that ‘OIR’ is used as a money saving option or to avoid a
clear ‘no’ decision [2].

While NICE’s R&D Committee has advised on the issues that need to be addressed in making
an OIR recommendation, there are at present no decision criteria as to when ‘OIR’ might be an
appropriate option; each recommendation has been made on a case-by case basis. This research is
very timely because of recent moves to assess new technologies closer to the point of licensing. At
this point, the evidence base is likely to be immature and as a result greater uncertainty about the
comparative effectiveness and overall value of the technology [1;3].
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Research needs
The primary research need is to inform the key principles that could be taken into consideration
by NICE Appraisal Committees to enable them to determine whether an ‘OIR’ decision is
appropriate. The methodological and process implications of providing the necessary technology-
specific data on each of these principles should also be considered.

The main research output that is required is a list of key principles and recommendations
about how these principles could be operationalised within a structured decision framework
that NICE could employ when considering an ‘OIR’ decision. The research should also explore
the possibility of using these principles as the basis of a ‘checklist’ to provide transparency

in ‘OIR’ decision-making. This could include one or more pilot studies based on appraisals

in progress (or proposed) to test possible decision-making approaches for ‘OIR. It could

also involve an evaluation of how Value of Information methods can be integrated into the
decision-making framework.

A second research objective is to investigate how ‘OIR’ recommendations are currently
implemented in practice and examine barriers and potential solutions including any changes to
the research infrastructure. This will necessitate examination of previous ‘OIR’ recommendations.

An optional objective would be to explore the terminology used to describe ‘OIR’
recommendations. If opted for, then the acceptability of different options should be tested
through consultation.

Other relevant initiatives and/or activities
Some preliminary work into the ‘OIR’ option has already been undertaken. NICE consulted
its Citizen’s Council; a group of 30 people who bring the views of the public to NICE decision-
making. The council made a series of reccommendations about the circumstances in which it
felt it is justified for NICE to recommend that an intervention is used only in the context of
research. NICE has also obtained the views of other stakeholders through a workshop, held in
collaboration with the American Agency for Healthcare Research and Quality (AHRQ)* and
a series of interviews with industry, academia, government, the NHS, independent research
funding agencies, and consultants (publication in progress). Internationally the concepts have
been discussed by participants at the Health Technology Assessment International (HTAI)_
Policy Forum in February 2007 [3] and the US Centres for Medicare and Medicaid Services [8]).
A HTAI special interest policy group has been established.

There have been a number of academic publications exploring the ‘OIR’ option including

that by Chalkidou et al. [1] and Hutton et al. [3]. There has also been research into potential
methodologies including ‘Value of Information’ methods [10-13] and Options Theory [15].
Whilst not mandatory, the option to use VoI methods has been included in the NICE guide to
methods of technology appraisal [14]. It is recognised that a quantitative value of information
approaches cannot be used in isolation to determine whether an ‘OIR’ decision would

be appropriate.

2. RESEARCH REQUIRED

Important issues to consider
Research is required to fulfil the needs identified in section 1.3 above.

Previous work has identified a number of potential themes that could be explored further. Note
this is not an exhaustive list and further exploration of more recent research undertaken by NICE
and others is required.
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1. The potential research:
- Will the research reduce uncertainties about the effects of a technology (including side
effects) to a level at which a clear-cut decision could be made?
- Will the research be timely, feasible and relevant (to the required patient groups)?
- Would the research represent value for money?
- What is the role of formal VoI methodology?
2. The consequences of making the wrong decision:
- Are the sunk costs associated with a ‘yes’ decision particularly high such that it would be
uneconomical to reverse the decision?
- Interms of current research: would a ‘yes” decision result in existing research being
terminated early, possibly due to recruitment difficulties?
- In terms of future research: what is the value of the research foregone as a result of a ‘yes’
or ‘no’ decision?
3. Equity and ethical concerns:
- Would an ‘OIR decision effectively limit the technology to those who can access a
research centre?
- Should ‘the benefit of the doubt’ be given to technologies for life threatening conditions
where no other treatment exists (the rule of rescue)?
- Would a decision violate the social value judgements guidance applied by NICE [9]?

In addition, it will be necessary to consider the opportunity cost of delaying a coverage decision
for further research in terms of the potential health gains foregone by delaying access to a
cost-effective intervention.

Methodological approaches to be used
The MRP panel recognises the need to allow applicants to identify the most appropriate
methodological approach for this study and the approach to be taken should be clearly justified.
It is anticipated that a mixture of quantitative and qualitative primary and secondary research will
be required. The research will need to address both the theoretical and practical considerations of
‘OIR’ decisions.

Applicants must ensure that the proposed research is congruent with the 2008 Methods for
Technology Appraisal [14] and Social Value Judgements [9]. It is possible that more than one
proposal will be funded.

Applicants may wish to consider undertaking a review of principles and methods currently used
in, or advocated for, ‘OIR’ decisions, both in the UK and internationally.

Applicants should also include a retrospective ‘case-study’ analysis of ‘OIR’ decisions made by
NICE to identify what principles have previously been taken into account when an ‘OIR’ decision
has been made. It may also be necessary to explore instances when an ‘OIR’ decision was not
determined to be appropriate.

Establishing and maintaining a dialogue with NICE and its Appraisal committees and other
stakeholders, including patient groups and industry, will be essential. Where necessary, NICE will
assist the research team to gain access to the necessary information and expertise.

This analysis may include consideration of how the ‘OIR’ decision-making process can help to
define the nature of the research required (e.g. study design; key variables to be assessed). The
pros and cons of possible approaches should be identified, in order to provide recommendations
for the principles to be included in a structured decision-making process and how such a process
can be operationalised by NICE Appraisal Committees. There is scope for this decision-making
process to be supported by a ‘checklist’
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3. MANAGEMENT OF STUDY

Applicants should specify and justify: (1) the resources requested for the research and (2) an
appropriate timescale within which the research can be completed.
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Appendix 6

Technical appendix

Overview

The purpose of this appendix is to describe more formally the core principles of the framework
developed to include OIR or AWR recommendations alongside approve and reject policies in
deciding on the use of health technologies. This appendix will describe how to carry out the
calculations that can inform each of the assessments described in Chapter 5 in order to quantify
the net health impact of alternative policy decisions. Established methods for cost-effectiveness
analysis and value of information analysis are drawn together using a consistent set of notation
throughout to describe a general algebraic framework. A simple numerical example is used to
demonstrate the application of this general algebraic framework, illustrating how the pay-offs
from the alternative policy options of approve, AWR, OIR and reject can be estimated. Special
consideration is given to the impact of price at submission on the estimated pay-off and how this
can alter the rank order of the alternative policy options.

Notation

This appendix makes use of formal notation throughout to illustrate how the pay-oft from the
alternative policy decisions can be calculated. Table 34 shows the terms used, their definitions
and the sections in this appendix where they are described in detail.

Is the intervention cost-effective and what are the risks?

Is the intervention cost-effective?
Within the health-care sector the outcome of interest for economic evaluation has generally
been regarded as some measure of health, h. To facilitate comparisons between alternative health
interventions, j=1,2,...,], it is necessary to have a single index measure of health that captures
both length of life and quality of life. The opportunity cost of investing resources in providing a
particular health intervention can be characterised in terms of the health that could have been
generated with the next best alternative use of those same resources. By utilising the additional
cost that would displace one unit of health gain elsewhere in the health-care system, k, it is
possible to describe costs that fall on the health-care sector budget, c, in terms of health

benefits,
£ = h >
k

forgone. The cost-effectiveness of a particular health-care intervention can be assessed by
estimating its associated costs and health outcomes and determining whether or not, given the
cost-effectiveness threshold k, reimbursing the intervention would lead to an expected increase
in population health benefits. The assessment is the same regardless of whether the intervention
is new or is already reimbursed as part of current activities, that is, the decision to discontinue
funding an existing activity can be made on the same basis as the decision to reimburse a

new intervention.
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TABLE 34 Table of notation

Symbol Definition Section reference
h() Health benefits Is the intervention cost-effective?
j=12,....J  Eachjrepresents an alternative out of a set of J mutually Is the intervention cost-effective?
exclusive comparator interventions
k Cost-effectiveness threshold Is the intervention cost-effective?
o) Costs of interventions that fall on the budget for health care Is the intervention cost-effective?
0 Set of uncertain parameters used to estimate costs and health Is the intervention cost-effective?, Cost-effectiveness at the
effects and that are amenable to further research patient level
NHE( ) Net health effects Is the intervention cost-effective?, Cost-effectiveness at the
patient level
Pop The total effective number of patients who would receive an Is the intervention cost-effective?, Cost-effectiveness at the
intervention population level
P The prevalent population eligible for treatment at the time of the /s the intervention cost-effective?, Cost-effectiveness at the
reimbursement decision population level
A The incident population per unit time Is the intervention cost-effective?, Cost-effectiveness at the
population level
d Discount rate Is the intervention cost-effective?, Cost-effectiveness at the
population level
T Time horizon Is the intervention cost-effective?, Cost-effectiveness at the
population level
a) Investment cost
EVP, The maximum improvement in NHES that could be achieved for Is further research required?, Consequences of uncertainty at
an individual patient by further research on 6 the patient level
() Policy pay-off in terms of NHEs Is further research required?, Consequences of uncertainty at
the population level
S Set of uncertain scenario assumptions used to estimate NHEs Is further research required?, Alternative scenarios
R The amount of health displaced as a result of the cost of further ~ Does more research seem worthwhile?
research
T Time at which the results of research will be available How long until the research reports?
o Probability of further research Wil the research be conducted?
n Number of patient recruited to a research study How much of the uncertainty will the research resolve?
9, Parameter /out of the set of uncertain parameters 6 What type of evidence is needed?
T Time at which the results of research on parameter / will be What type of evidence is needed?
B available
R The amount of health displaced as a result of the cost of further ~ What type of research is possible if the technology is approved?
research to inform parameter /
Y Uncertain parameter not able to be informed by further research  Impact of other sources of uncertainty

but that will resolve over time

Figure 33 shows an intervention that generates two additional units of health compared with the
next best alternative. For every extra £20,000 that is spent on this intervention there will be a loss

of one unit of health from the displaced activities.

If the price of the intervention is £40,000, then approving it for use within the health-care system
would generate two additional units of health but displace two units elsewhere and so the net
effect would be no change in population health. If the price of the intervention is £60,000, then
the decision to approve it for reimbursement would displace more health than would be gained,
resulting in a net loss in population health. However, if the price is £20,000 then approving the
intervention would displace less health than it generated, resulting in a net gain in health, and in
these circumstances the intervention could be regarded as providing value for money.®
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FIGURE 33 Value, cost-effectiveness and net benefit. P*, price that results in no change in population health.

Cost-effectiveness at the patient level
The estimation of expected costs and health outcomes will be informed by the available evidence,
0, and for each intervention j can be expressed in terms of NHEs:

NHE(,0)=h(j,0) [Equation 1]

Health and cost outcomes that occur in the future should be adjusted to net present values using
an appropriate discount rate. The relevant time horizon over which to assess the health and cost
impacts must be long enough to capture any differences between the alternative interventions.'*
The decision-maker in charge of the health-care budget can maximise population health by
choosing the intervention that maximises expected NHEs:

max EeNHE( 7,9) [Equation 2]
J

Thus, an intervention, j, can be determined to be cost-effective if it would maximise expected
NHESs"® out of the range of mutually exclusive alternatives, J, relevant to the decision problem.”
NHEs make cost-effectiveness comparisons and calculations numerically simple as they embody
the objective to maximise health gains from available resources simply by maximising NHEs.®**
Of course, the caveat to this is that one must first be satisfied that costs, health outcomes and
opportunity costs were calculated appropriately and that they take account of all factors relevant
to the viewpoint of the decision-maker, such as equity considerations about the value of health
gains to different beneficiaries.c

If we take as a starting point NHEs that are deemed to be accurate and reliable we can utilise

a simple numerical example to demonstrate the processes and intuition behind conducting
formal, evidence-based evaluations to support the range of assessments a decision-maker may
wish to make to inform reimbursement decisions and recommendations for further research.
The numerical example is introduced in Table 35, which presents the health outcomes and costs
for two interventions (j=1,2). The health outcomes, 4, and costs, ¢, are assessed according to
their timing for the individual receiving each intervention by considering two consecutive time
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TABLE 35 Net health effects per treated individual over time

Intervention 1

Period 1 Period 2 Total
0 h(1,6) c(1,0) (£) NHE(1,6) h(1,6) c(1,0) NHE(1,6) NHE(1,6)
1 0.35 2875 0.21 0.35 £2875 0.21 0.41
2 0.20 3250 0.04 0.20 £3250 0.04 0.08
3 0.45 3000 0.30 0.45 £3000 0.30 0.60
4 0.65 2750 0.51 0.65 £2750 0.51 1.03
E 0.41 2969 0.26 0.41 £2969 0.26 0.53

Intervention 2

Period 1 Period 2 Total
0 h(2,6) c(2,0) (£) NHE{(2,6) h(2,6) (2,0) NHE{(2,6) NHE{(2,6)
1 0.50 10,250 0.01 0.50 £250 0.49 0.48
2 0.65 11,250 0.09 0.65 £1250 0.59 0.68
3 0.55 12,250 —0.06 0.55 £2250 0.44 0.38
4 0.70 11,500 0.13 0.70 £1500 0.63 0.75
E, 0.60 11,313 0.03 0.60 £1313 0.53 0.57

periods. NHEs are calculated given k=£20,000. The numbers in the table represent net present
values. The evidence on which the estimates of cost and health outcomes are based is represented
by an uncertain parameter 6, which can take one of four possible true underlying values, each

of which would lead to a different estimation of the NHEs associated with each intervention.

The final rows of each part of Table 35 give the expected values given the uncertainty in how 6
will resolve.

In this example there are differences between the interventions in both time periods and so the
relevant time horizon for assessing the cost-effectiveness of either intervention comprises both
periods one and two. Figure 34 illustrates how the accrual of expected NHEs changes over time
with each intervention from the perspective of an individual patient.

In Table 35 it can be seen that with intervention 2 the costs are loaded upfront. A comparison of
the expected NHEs in period 1 would suggest that intervention 1 is cost-effective. However, the
NHE:s in period 2 indicate that intervention 2 is cost-effective. The gains offered by intervention

2 in the second period are sufficient to ensure that, overall, intervention 2 is cost-effective. In
Figure 34 the area under the curve for intervention 2 is greater than the area under the curve for
intervention 1. If treatment cannot or will not be withdrawn once initiated, then the timing of the
costs is irrelevant to the reimbursement decision, and this can be based on the summation of the
NHEs across the time periods, as shown in Table 36. In the following section (Are there significant
irrecoverable costs?) we discuss the additional considerations that must be made when the NHEs
that accrue vary over time and treatment may be withdrawn.

To apply Equation 2 to determine which intervention is cost-effective we look at the final row

of Table 36, which gives the expected NHEs of each intervention given the uncertainty in how 0
will resolve. A comparison of these expected NHEs indicates that intervention 2 is cost-effective.
Approving intervention 2 rather than intervention 1 would be expected to offer an additional
0.04 units of net health benefit per patient treated.
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FIGURE 34 Accrual of expected NHEs over time.

TABLE 36 Net health effects per patient

Intervention 1 Intervention 2
0 h(1,0) c(1,0) (£) NHE(1,0) h(2,0) 0(2,0) NHE(2,0)
1 0.70 5750 0.41 1.00 £10,500 0.48
2 0.40 6500 0.08 1.30 £12,500 0.68
3 0.90 6000 0.60 1.10 £14,500 0.38
4 1.30 5500 1.03 1.40 £13,000 0.75
E, 0.83 5938 0.53 1.20 £12,625 0.57

Cost-effectiveness at the population level

To judge the scale of the improvement in health gains that might result from a decision to
provide either intervention it is necessary to consider the number of individuals who would
receive treatment. The total population health effects associated with each intervention are found
by multiplying the per-patient NHE by the total number of patients who would receive each
intervention during the time period for which they would be utilised. This population, Pop, is a
function of the prevalence and incidence of the disease per unit of time, P and I, summed over
the relevant time horizon, T, , taking account of the decision-maker’s rate of time preference for

health gains, d:

T
Pop I
Pop=P+ : Equation 3

The time horizon, T, , over which the interventions would be utilised may be uncertain,
requiring that a range of possible values be considered.” The time horizon for determining
the relevant population size and the scale of the NHEs is different from the time horizon for
assessing the cost-effectiveness of an intervention for an individual as was described in the

previous section.

The size of population does not alter the assessment of which treatment is cost-effective; however,
it may be necessary to know the size of the population to estimate some elements of costs or
health outcomes. The resources required to provide an intervention may include those purchased
and utilised on a per-patient basis and those that are shared across individuals. The number of
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patients who would utilise a joint resource determines how the costs can be apportioned at a per-
patient level. For resource items that are shared between patients over successive time periods the
total cost, C, can be converted to an equivalent cost per time period by dividing through by the
annuity factor,

1-1+d)™
d

which is a function of the lifetime of the resource item, T, and the decision-makers rate of time
preference, d. This cost per time period,

cd
1-(1+d) "’

can then be divided by the number of patients expected to utilise the resource in each time
period to give the per-patient cost, ¢."*! The per-patient costs of these joint resource items are
thereby incorporated in the evaluation of cost-effectiveness at the individual level.

Table 37 uses the individual NHEs from Table 36 and multiplies them by the population of
patients who could receive treatment over three consecutive time periods. That is, it multiplies
Equation 2 by Equation 3 evaluated over three consecutive time periods. Because the example
deals with an acute disease the size of the population is determined by the incidence of the
disease (I,=100). For simplicity we assume a discount rate of zero (d=0). The time period
over which the interventions could be utilised is 10 years (T}, =10). This gives a total patient
population, Pop, of 1000.

The time horizon over which the interventions could be utilised (TPnP =10) is split into three
periods by considering two points in time at which reimbursement decisions can be revised
(t=6,8). For each population there remain the same two alternative interventions. In this
example, applying Equation 3, population 1 consists of 600 patients and populations 2 and 3 each
consist of 200 patients:

6 I 8 I 10 I
Pop =3 — 1t —600; Pop, = ‘_=200; Pop. = L —200
Py ;(Hd)’ P2 ;(Hd)’ Ps E‘(Hd)f

If nothing is expected to occur that would change the assessment of cost-effectiveness

between each population the same decision will be made for each. The total overall

population is Pop = Pop +Pop,+Pop,. Approving intervention 2 would be expected to offer

3413+ 1138+ 1138 =5689 units of net health benefit in the whole patient population, which
represents an additional 408 units of population NHE compared with that offered by intervention
1(3169+1056+1056=5281).

TABLE 37 Population NHEs

Population 1 Population 2 Population 3
0 NHE(1,0) NHE(2,0) NHE(1,0) NHE(2,0) NHE(1,0) NHE(2,0)
1 2475 2850 825 950 825 950
2 450 4050 150 1350 150 1350
3 3600 2250 1200 750 1200 750
4 6150 4500 2050 1500 2050 1500
E, 3169 3413 1056 1138 1056 1138
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Analysis of subgroups

The relevant patient population is one that is homogeneous with respect to characteristics that
affect the treatment decision. If the overall population is heterogeneous with respect to factors on
which the treatment decision can be based and that affect the estimated NHEs of interventions it

must first be split into homogeneous subgroups.'>* The cost-effectiveness of treatments must be
evaluated separately in each distinct subgroup for which the treatment can be used, by applying
the assessments described in Chapter 5. This allows different decisions to be made for each
subgroup. When there are differences in the most cost-effective intervention between subgroups,
basing decisions on the average across the whole population would lead to lower expected
population net health benefits.

How does price affect cost-effectiveness?

Reducing price will make an intervention appear more cost-effective by increasing its expected
NHE:s. A straight discount will translate directly into increased NHEs. When more complex
schemes are used to reduce the effective price of an intervention, the costs associated with setting
up and utilising the scheme and the level of compliance must also be taken into account in the
assessment of cost-effectiveness.

Are there significant irrecoverable costs?

When resources are committed in an earlier time period to that in which the ensuing benefits
are realised these represent an investment. Similarly, investment may occur in health terms
when patients incur initial health losses with the expectation of subsequent health gains. A
typical example of this would be undergoing surgery to reduce the risk of death from coronary
artery disease. Investment costs are irrecoverable if, once committed, they cannot be recovered
should the decision to utilise an intervention be revised. This can be important if the decision
is altered at a time earlier to that over which the expected future health gains were calculated
in the assessment of cost-effectiveness described in Chapter 5. For example, if investment costs
are irrecoverable and the decision is altered before the end of the anticipated life span of that
investment the equivalent annual cost will have been calculated incorrectly and the number

of patients who utilised the resource may be lower, meaning that the per-patient costs were
underestimated when assessing cost-effectiveness. The irrecoverable investment costs will
have been weighted against benefits that were not realised. However, in the case of surgery,
once the patient has received the treatment a change of guidance does not alter his or her
investment profile (the change of guidance does not modify the expected future change in health
benefits attributed to having had surgery) and so does not have the same impact. The potential
significance of irrecoverable costs can be judged:

1. according to whether or not estimates of cost-effectiveness would alter if the decision were to
be revised sooner than anticipated

2. by assessing the probability that the decision might be altered earlier than expected

3. by comparing their size in health terms as a proportion of the total NHEs.

An assessment of irrecoverable costs requires some consideration of how health effects and costs
accrue over time. This was shown in Figure 34 at the patient level and an equivalent diagram

can be constructed at the population level. It is then possible to determine a break-even point,

T*, the earliest time at which the treatment selected based on accumulated population NHEs up
to T would match the treatment selected based on accumulated population NHEs up to T,
Certain interventions may exhibit zero irrecoverable costs whereby health benefits are attained
simultaneously with costs. If irrecoverable costs are a large proportion of overall NHEs this may
imply a large initial negative NHE to be offset by future gains. If 7% is low then it will be less likely
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that guidance will change before the cumulative incremental NHEs of adopting the intervention
become positive. This would indicate that irrecoverable costs were not significant as they would
have little influence on the alternative policy pay-ofts. However, if T* is large the impact of
irrecoverable costs must be judged alongside an assessment of the likelihood that guidance

will change, and this is addressed further later in this appendix (see Impact of other sources of
uncertainty and What is the impact of irrecoverable costs?).

Suppose that the cost of intervention 2 includes an upfront irrecoverable investment of £20M.
In health terms this upfront cost would be expected to displace health activities that would have
generated 1000 net health benefits:

2 b bl
C(2)= 220,000,000 020 000 _ 1900,

In Table 38 the NHE of this irrecoverable cost is separated out from the remaining costs and
health effects.

Irrecoverable costs as a proportion of total NHEs for intervention 2 are 1000/5689 = 18%. If
Intervention 2 is selected and the decision is unchanged over the time horizon T, =10=T,,

the impact of irrecoverable costs will have been adequately represented. The total NHEs

from intervention 2 are 4013 + 1338 + 1338 - 1000 = 5689, which matches that calculated

in Cost-effectiveness at the population level and is greater than that offered by intervention

1 (3169 +1056+1056=5281). However, if the decision were changed earlier, at t=6 (after
population 1), the accumulated population NHEs for intervention 2 would be 4013 —
1000=3013, which is less than the NHEs that could have been realised with intervention

1 (3169).'If the guidance is altered at a time ¢ < T, the investment costs will have been
underestimated and the decision to approve intervention 2 may have been in error. If the decision
is changed at t=8 (after population 2), the accumulated population NHEs for intervention 2
would be equal to 4013 + 1338 — 1000 =4351, which is greater than that offered by intervention 1
over the same time horizon (3169 + 1056 =4225) and so intervention 2 has ‘broken even’. In this
example T*=7.1.

Is further research required?

The resource implications and health outcomes used to inform reimbursement decisions about
the use of treatments within the health-care sector cannot be known with absolute certainty.
Uncertainties stem from the reliance on sample information and the choice of methods to
combine information from different sources and to translate what that body of information
implies for the particular decision problem under consideration. Cost-effectiveness analysis
can be used to estimate which of a set of mutually exclusive interventions might offer the
greatest health gain and to describe the impact of uncertainty on those estimates.'”* Table 35

TABLE 38 Population NHEs and irrecoverable costs

Irrecoverable costs Population 1 Population 2 Population 3
0 NHE(1,0) NHE(2,0) NHE(1,0) NHE(2,0) NHE(1,0) NHE(2,0) NHE(1,0) NHE(2,0)
1 0 -1000 2475 3450 825 1550 825 1550
2 0 —-1000 450 4650 150 1950 150 1950
3 0 -1000 3600 2850 1200 1350 1200 1350
4 0 —-1000 6150 5100 2050 2100 2050 2100
E, 0 —-1000 3169 4013 1056 1338 1056 1338
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shows a representation of the output from a cost-effectiveness analysis comparing two

alternative interventions, j=1,2. The range of plausible true values supported by the evidence
used to calculate the costs, ¢, and health outcomes, A, for a typical patient who receives either
intervention are described by 0, which can be labelled as a parameter or input that can take one
of four possible values. As described in the previous section (see Is the intervention cost-effective
and what are the risks?), cost-effectiveness can be determined by assessing expected NHEs. Tables
35-37 also characterise the uncertainty associated with this decision by showing the range of
values that 0 could take and the NHEs that would result from those values.

A decision based on expected NHEs could be regarded as being in error if the true value of 6
suggests that the alternative intervention to the one reimbursed would have offered greater health
gains. The probability that a decision to recommend a particular intervention is in error is equal
to the probability of observing a value of 0 for which a different intervention would maximise
NHEs. Knowing more about 0 enables a decision-maker to reduce the cost of uncertainty by
reducing the possibility of error. By avoiding reimbursing an intervention that turns out to be
cost-ineffective, the decision-maker would expect better health gains overall."**

Consequences of uncertainty at the patient level

The best a decision-maker could do would be to select the intervention that maximised health
gains for a particular realisation of 0, max NHE(,0). Given the range of possible values for 6 and
the likelihood of observing those values it is possible to calculate the expected NHEs associated
with this error-free choice:

E,max NHE(j,0) [Equation 4]
i

The difference between the NHEs that could have been achieved without error (see Equation
4) and the best choice based on current information (see Equation 2) describes the health
consequences of this uncertainty at the individual patient level. This represents the maximum
improvement in NHEs that could result from further research on 0 and is often described as
the EVPL

EVPI, = E;max NHE(j,0)— max E,NHE(},0) [Equation 5]
J J

Table 39 repeats the NHEs per patient treated from Table 36 and in the final column presents the
maximum NHE for each realization of 0. The final row shows the expected values assuming that
each realisation of Qis equally likely.

As before, the expected value of intervention 2 is higher than that of intervention I:
E,NHE(1,0) < E,NHE(2,0). This suggests that if 6 is unknown it is better to use intervention 2.
However, if 6 were known to be 3 or 4 then it would be better to use intervention 1 because
NHE(2,3) < NHE(1,3), NHE(2,4) < NHE(1,4), whereas if O were known to be 1 or 2 then it would

TABLE 39 Expected and maximum NHEs per patient

0 NHE(1,0) NHE(2,0) Max. NHE(j,0)
1 0.41 0.48 0.48

2 0.08 0.68 0.68

3 0.60 0.38 0.38

4 1.03 0.75 1.03

E, 0.53 0.57 0.69

Max., maximum.
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be better to use intervention 2 because NHE(1,1) < NHE(2,1), NHE(1,2) < NHE(2,2). In this case
the error probability is 0.5 (50%). The expected value of being able to make a decision knowing
the exact value of 0is higher than the expected value of approving either intervention 1 or 2,
suggesting that there is value in resolving 0:# EVPI0=0.69-0.57=0.12.

Consequences of uncertainty at the population level

To judge the scale of the improvement in health benefits that might result from a decision

to conduct further research it is necessary to consider the number of individuals who could
benefit.>® In other words, it is necessary to estimate the number of times a decision is made that
utilises the information generated. This will be a function of the prevalence and incidence of
the disease in question as shown in Equation 3, but it may also be a function of the extent of
other diseases for which the information may be relevant. Any process for evaluating the value
for money of interventions or research will involve assumptions and value judgements about
the quality and relevancy of available evidence and which analytical methods are appropriate
for determining what that evidence implies for the decision problem at hand. Also, there can be
‘unknown unknowns, unexpected future events that we know can occur from past experience
but that cannot be predicted or parameterised within the analysis. The relevant time horizon over
which the information will be utilised, T, can differ from the time horizon over which any

EVPI
particular intervention will be utilised, T, .*

For simplicity, in the example we assume that the time horizon for information, T,pp 18
coincident with the time horizon for the technology, T, , and from this point denote both with
T. We also assume that the relevant evidence is utilised only to make decisions between the
two alternative interventions so far considered and therefore is utilised in the same number of
decisions as the number of patients who receive treatment with either intervention. Table 40
shows the individual-level NHEs from Table 39 multiplied by the number of individuals who

could benefit from either intervention or any additional information.

Using Table 40 consider three simple policy options: to outright approve the new intervention
(approve), to commission research (research) or to outright reject the new intervention (reject).
The pay-offs from each policy in terms of the NHEs that accrue to each of the three patient
populations [IT(Pop ), IT1(Pop,), I1(Pop,)] and the total pay-off across all three populations (IT)
are shown in Table 41.

The total NHE of approving and implementing j=2 in all populations, in this example
3413+1138+1138=>5688, is more generally given by:

HApprove =max ESNHE(J’G)POP [Equation 6]
J

TABLE 40 Expected and maximum population NHEs

Population 1 Population 2 Population 3

0 NHE1,0)  NHE2,6)  Max. NHE  NHE1,8)  NHE20)  Max.NHE  NHE1,8)  NHE20)  Max. NHE

2475

450
3600
6150
3169

~ow N =

Pyl

2850 2850 825 950 950 825 950 950
4050 4050 150 1350 1350 150 1350 1350
2250 3600 1200 750 1200 1200 750 1200
4500 6150 2050 1500 2050 2050 1500 2050
3413 4163 1056 1138 1388 1056 1138 1388

Max., maximum.
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TABLE 41 Policy pay-offs when research is immediately available

Policies [1(Pop,) [1(Pop,) [1(Pop,) N

1. Approve 3413 1138 1138 5688
2. Reject 3169 1056 1056 5281
3. Research 4163 1388 1388 6938

The total NHE of rejecting and continuing to implement j=1 in all populations, in this example
3169+ 1056 + 1056 = 5281, is more generally given by:

HReject = E,NHE(1,6).Pop [Equation 7]

As the NHE of j=2 is higher than that of j=1, the decision to approve is preferred to the decision
to reject. The total NHE of being able to choose the appropriate treatment for each value of 6, in
this example 4163 + 1388 + 1388 = 6938, is given by:

HResearch = EG maX NHE(])G)POP [Equation 8]
J

The most beneficial policy option is therefore research, which allows the decision-maker to
implement treatment based on knowing 6, resulting in total expected NHEs of 6938. The
difference between the pay-off from research and the next best pay-off from approve describes
the maximum value of further research and is equivalent to multiplying Equation 5 by the size of
the population to benefit (see Equation 3): EVPI,.Pop =11 e — 11 sppror. = 6938 —5688 =1250.

Subgroups

Just as cost-effectiveness can be assessed separately in different subgroups, so too can the value of
further research. However, it may be necessary to consider whether information collected in one
subgroup can be used to inform decisions in other subgroups. In these circumstances the number
of patients who will benefit from the information can differ from the number of patients expected
to benefit from each separate treatment decision. This should be reflected in calculating the value
of further research.

Alternative scenarios
The example so far has considered uncertainty in the true value of 8, but uncertainty may also
exist in how 0 can be used to calculate cost and health outcomes. If there exists an alternative
plausible characterisation of /1 and ¢ as a function of 0 this can produce modelling or structural
uncertainty.’***>!>¢ The alternative modelling or structural assumptions can be used to describe a
series of scenarios within which expected NHEs will be estimated differently. From the decision-
maker’s perspective, the NHEs will now be a function of the choice of treatment, parameter
uncertainty and the choice of scenario, NHE(},0,s). The assessment of cost-effectiveness in
Equation 2 is now made by taking the expectation of NHEs across the parameter uncertainty and
the range and likelihood of the alternative scenarios, max E,E NHE(},0,s).

J

The best a decision-maker could do would be to select the intervention that maximised health
gains for a particular realisation of 0 and s. The expected NHEs associated with this error-free
choice given in Equation 4 become E,E, max NHE(},6,s).

J

The added value of further research on parameter and scenario uncertainty can then be evaluated
based on the results that integrate both parameter and scenario uncertainty."
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Table 42 presents the NHEs for each intervention based on competing plausible forms of
the functions /(j,0,2) and c(},0,2) to those that were presented in Table 40 [which can be
characterised as having presented h(j,0,1) and ¢(7,0,1)].

In this alternative scenario the NHEs of intervention 2 are estimated to be smaller than those
associated with intervention 1 and so it no longer appears cost-effective. Within this scenario,
the value of resolving 6 is EVPI,_,.Pop = 6406 —5281=1125, which differs to the value within
scenario 1 (see Table 40) of EVPI,_,.Pop =1250.

If either scenario is equally plausible, the expected NHEs of each intervention overall can be
found by averaging the NHEs from each scenario. For example, the expected NHEs of approving
intervention 2, accounting for two equally likely scenarios, s, are calculated based on a 50%
chance of achieving the NHEs from Table 40 and a 50% chance of achieving the NHEs shown in
Table 42: 11, =EE NHE(2,8,5)x Pop=0.5(3413+ 1138+ 1138) +0.5(2513+ 838 + 838) = 4938

As the expected population NHEs of intervention 1 are the same in both scenarios,
I, =E,ENHE(1,0,s) x Pop = 5281; this would suggest that intervention 2 was not cost-effective

Reject

(HApprove < HReject) :

Further research could be expected to resolve both parameter and structural uncertainty,
meaning that the decision-maker could select the treatment that would provide the maximum
NHEs given particular values of 0 and s. When 6 =1 the maximum NHE is associated with
intervention 2 in scenario 1 (see Table 40) and intervention 1 in scenario 2 (see Table 42). When
0 =2 the maximum NHE is associated with intervention 2 in both scenarios. When 6 =3 the
maximum NHE is associated with intervention 1 in both scenarios. Averaging across these
maximum values gives [, = E,E, max NHE(},0,s) = 6672. The value of research that would
resolve both parameter and decision unlertainty is found by comparing E, E, max NHE(},0,s) to
the next best achievable pay-off of 5281. Thus, the value of research that would resolve both
parameter and scenario uncertainty is 6672 —5281=1391.

For the remainder of this appendix we assume that there is no alternative plausible set of
modelling assumptions.

Does more research seem worthwhile?

Although resolving decision uncertainty results in the most beneficial outcome, whether or not
further research should be undertaken will depend on the costs of carrying out the research and
who will be responsible for these costs (e.g. the manufacturer or public funding bodies). When
the costs of research fall on the budget constraint for providing health care this will displace other
activities that could have generated health. This research cost must be subtracted from the policy

TABLE 42 Population NHEs with alternative assumptions (scenario 2)

Population 1 Population 2 Population 3
0 NHE(1,0) NHE{2,6) Max. NHE NHE(1,0) NHE{2,6) Max. NHE NHE(1,0) NHE{2,6) Max. NHE
1 2475 1950 2475 825 650 825 825 650 825
2 450 3150 3150 150 1050 1050 150 1050 1050
3 3600 1350 3600 1200 450 1200 1200 450 1200
4 6150 3600 6150 2050 1200 2050 2050 1200 2050
E, 3169 2513 3844 1056 838 1281 1056 838 1281

Max., maximum.
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pay-oft from conducting further research. If the maximum value of research does not exceed the
expected costs this is a sufficient condition to decide against investing in further research.®’

The value of research is established by comparing policy 3, research, with the next best
alternative, which is policy 1, approve the new technology intervention 2. At the patient level this
is equivalent to the EVPI, detailed in Equation 5. Scaling up by the size of the population that
would benefit from any additional information generated gives a maximum value for research of
1250 (EVPI,x Pop). Using the same threshold, k=£20,000, the costs of research can be expressed
in terms of health displaced, R. If the research costs are expected to exceed 1250 units of health
benefit (or in monetary terms £25M), then policy 1 would be more beneficial than policy 3.
Similarly, this would provide a sufficient condition for the decision to avoid the analysis time
required for estimating more accurately the true value of research, which is discussed further in
the following section (see How long until the research reports?). More generally, the pay-off from
conducting additional research can be calculated as:

HReseurch = Ee maX NHE(])G)POP_R [Equatlon 9]
J

How does price affect the need for evidence?

If the decision to immediately approve an intervention does not seem to be the most valuable
policy option, the manufacturer can alter the balance between the alternative decisions by
adjusting the price. Reducing price will make an intervention appear more cost-effective by
increasing its expected NHEs. A price change will also affect the value of conducting further
research.” The subtraction of a constant does not reduce the variance in NHE:s for a given
intervention, but it will shift the distribution of the NHEs expected from the new intervention
relative to the next best alternative and hence alter the distribution of incremental NHEs. This
can change the probability of error and/or the value of the health benefits forgone if the wrong
intervention were reimbursed, and can make research appear either more or less valuable. When
price change reduces (increases) the proportion of incremental NHEs that are less than zero,

the decision uncertainty is reduced (increased) following a price reduction. For an intervention
that is expected to be cost-effective a price reduction will generally reduce the value of research
because the probability of error and the health forgone as a consequence of error will both fall.
This is because the health forgone given that the decision to reimburse was wrong is calculated
by comparing the NHEs of the intervention that was expected to be cost-effective with the
NHEs of an alternative, and this difference will have been reduced by the price reduction. For an
intervention that is not expected to be cost-effective a price reduction will initially increase the
probability of error but may reduce the health forgone as a consequence of error, and the overall
impact on the value of further research is more difficult to predict. This is because the alternative
interventions compared to calculate the amount of health forgone may not always have included
the intervention that was subject to a change in price. As price is bounded at zero there is a limit
to how much price adjustments can be used to increase NHEs and alter estimates of the value

of research.

For example, suppose a research design is proposed costing £20M. If this money were diverted
from existing health-care activities it would be expected to displace 1000 units of health benefit
(R=£20M/k=1000). On the basis of Table 41 research would seem to be the most valuable
policy option, offering an expected pay-off in NHEs of IT, . =6938-1000=>5938. However, if
the price of intervention 2 dropped from £1000 to £800 the pay-offs from the alternative policy
options would alter. The impact of the price change is shown in Table 43.

The expected NHEs for an individual receiving intervention 2 have increased from 0.57 to 0.67.
There is still value in knowing 6 because if 6 were known to be equal to 3 or 4 then intervention 1
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6

offers greater NHEs. After multiplying by the size of the population to benefit, the pay-offs from
the policy options incorporating the new expected NHEs are shown in Table 44.

After the price change the maximum value of research for the population has fallen to
EVPI x Pop=7438-6688 =750, and this is no longer sufficient to outweigh the health benefits
displaced by imposing research costs on the budget constraint. In this particular example, a price
reduction has created a sufficient condition for immediate approval without further research. The
threshold price for intervention 2 at which the optimal policy decision changes from research to
approve is £900.

Figure 35 displays the pay-offs in terms of NHEs from the policy options in Table 41 as a function
of the price of intervention 2, assuming that R=1000.

The pay-off from reject is unaffected by the price whereas the pay-off from immediate approval
is a linear function of the price of intervention 2. When the price of intervention 2 exceeds
£1081 it is no longer cost-effective (I, >TI, ). The pay-off from research is a non-linear
function of price in this example. The closer the price is to £1081, the more similar the NHEs
from both treatments, hence the greater the decision uncertainty and the probability of error but
the smaller the opportunity cost of selecting the wrong alternative. The policy with the highest
pay-off switches as the price of intervention 2 increases. The figure shows how the optimal policy
switches from approve to research at a price of £900. Once the price exceeds £1400 the optimal

policy switches from research to reject.

Notice from Tables 36 and 43 that intervention 2 is associated with better health gains than
intervention 1 for every value of 0. In other words, intervention 2 is known to be more effective
than intervention 1. The uncertainty around whether intervention 2 is more cost-effective stems
from whether the magnitude of the health gains is sufficient to justify the additional expense

of intervention 2. A price reduction directly addresses this uncertainty by reducing the price

of intervention 2, but does not have any impact on the health outcomes expected for patients
treated with each intervention. However, for some comparisons the uncertainty around whether
or not the new intervention is cost-effective will stem from if it improves or worsens health in

TABLE 43 Net health effects per patient after price reduction for intervention 2

Intervention 1 Intervention 2

0 h(1,0) ¢(1,0) NHE(1,0) h(2,0) ¢(2,0) NHE(2,0) Max. NHE
1 0.70 £5750 0.41 1.00 £8500 0.58 0.58

2 0.40 £6500 0.08 1.30 £10,500 0.78 0.78

3 0.90 £6000 0.60 1.10 £12,500 0.48 0.60

4 1.30 £5500 1.03 1.40 £11,000 0.85 1.03

E, 0.83 £5938 0.53 1.20 £10,625 0.67 0.85

Max., maximum.

TABLE 44 Policy pay-offs after price reduction for intervention 2

Policies [1(Pop,) [1(Pop,) [1(Pop,) M

1. Approve 4013 1338 1338 6688
2. Reject 3169 1056 1056 5281
3. Research 4463 1488 1488 7438
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FIGURE 35 Impact of price on optimal policy decision (immediate research).

the patients that receive treatment. A price reduction will still have the impact of making such
an intervention appear more cost-effective because it subtracts a constant from the cost of an
intervention, and this constant could be equivalently expressed in health terms (by utilising the
threshold, k).

How long until the research reports?
The results of further research will in general not be available immediately, meaning that there
exists a population of patients for whom the treatment decision must be made based on current
evidence. Thus, there is a need to make a reimbursement decision for this initial population
(approve or reject) in combination with a decision about whether or not to collect further
research. This means that research alone is not a policy option, and the relevant alternatives are
approve (without further research), approve with further research (AWR), OIR (i.e. reject and
conduct further research) and reject.

The following general notation is for calculating the policy pay-offs when research will report
at time f=1. The pay-off from approve remains as described in Equation 6. If research was
undertaken after approval (AWR) then the initial population receives the NHEs associated with
intervention 2, but subsequent populations receive the maximum NHE because the uncertainty
is resolved:

[T = max E,NHE(], 9)2(1 wy + By max NHE(, 9)2(1 D

If research is undertaken after reject (OIR) then the initial population receives the NHE
associated with intervention 1 whereas subsequent populations receive the maximum NHE:

[Equation 10]

d) +E maxNHE(] e);(1 D

If intervention 2 is rejected and no further research is undertaken then each population will
receive the NHE associated with intervention 1 as described in Equation 7.

1, = E;NHE(1,0). z [Equation 11]

The numbers in Table 45 are calculated from Table 40 and show the policy pay-ofts when research
would report at T=6 (results of research available for populations 2 and 3).! For example, if
research was undertaken after approval then population 1 receives the NHEs associated with
intervention 2, but populations 2 and 3 receive the maximum NHE because the uncertainty is
resolved. If research is undertaken after rejecting intervention 2 then population 1 receives the
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TABLE 45 Policy pay-offs when results of research are available for populations 2 and 3

Policies [(Pop,) [1(Pop,) [1(Pop,) M

1. Approve (no research) 3413 1138 1138 5688
2. AWR (approve and research) 3413 1388 1388 6188
3. OIR (reject and research) 3169 1388 1388 5944
4. Reject (no research) 3169 1056 1056 5281

NHE associated with intervention 1 and populations 2 and 3 receive the maximum NHE. If
intervention 2 is rejected and no further research is undertaken then each population will receive
the NHE associated with intervention 1.

In this example research is better than not doing research as different values of 6 imply different
reimbursement decisions. As was noted earlier (see Does more research seem worthwhile?, How
does price affect the need for evidence?) there is a 50% chance that once the results of research are
known the intervention regarded as cost-effective will change. As T < T this implies a 50% chance
that guidance will change before the end of the lifetime of the technology following a policy
decision of AWR or OIR. If we assume that research costs do not fall on the budget constraint for
health care then AWR will always dominate approve and OIR will always dominate reject. The
value in collecting further evidence is demonstrated by the fact that the total expected pay-off

in terms of health effects from policy 2 exceeds that of policy 1 (TL,,, >IT, ), and similarly

the expected health benefits from policy 3 exceed those offered by policy 4 (I, >IT, . ).
Given the simple example presented so far, AWR will always dominate OIR when the new
alternative is regarded as cost-effective (and vice versa when the new alternative is regarded as
cost-ineffective).

However, given a cost of research of R=1000 that does fall on the budget constraint for

health care, the additional net health benefits from research are insufficient to outweigh the
opportunity cost of gathering that information. When research costs are subtracted from the
policies that incorporate research in Table 45 the pay-off from policy 1 exceeds that from policy
21, ,,.=5688 compared with I, - R=6188-1000=5188) and the pay-off from policy 4
exceeds that from policy 3. It is still better to approve than reject because intervention 2 is cost-

effective in this example.

How does price affect the choice between approve, ‘approval with

research’, ‘only in research’ and reject?

Recall from Does more research seem worthwhile?, How does price affect the need for evidence?
that for a cost-effective intervention a price reduction will generally reduce the value of research
and hence improve the pay-off from approve relative to AWR. Also, a price reduction makes an
intervention appear more cost-effective, improving the pay-off from approve relative to reject (see
Is the intervention cost-effective?, How does price affect cost-effectiveness?). The NHEs that accrue
to patients after research reports are assumed to be the same in AWR and OIR (although this will
be relaxed later; see Will the research be conducted?), and so the threshold price at which the pay-
offs from AWR and OIR are equivalent is the same as the threshold price for cost-effectiveness,
that is, where the pay-offs from approve and reject are equivalent. However, depending on the
value of further research and how price change affects this value, for a technology that is not
expected to be cost-effective the initial decision may be reject or OIR and as the price falls the
optimal decision could switch between reject and OIR before changing to AWR or straight to
approve when the price is low enough for the technology to be regarded as cost-effective.
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The pay-offs in Table 45 are based on a price of £1000 for intervention 2. Figure 36 shows how
the optimal policy changes as the price of intervention 2 changes, assuming research costs of
R=1000.

The policies that entail research (AWR and OIR) do not offer the highest pay-off for any price of
intervention 2 and hence the optimal policy switches from approve to reject at a price of £1081.
Above this price approve (AWR) ceases to dominate reject (OIR) because intervention 2 is no
longer cost-effective. When the difference between AWR and approve, or between OIR and

reject, reaches its nadir it is equal to minus the cost of research (e.g. I e~ 11 Approve ™ -R), which
indicates that there is no cost of uncertainty. When the difference is not equal to minus the cost of
research, this indicates that there were benefits of research but these were insufficient to outweigh

those costs.

How does time to research affect the choice between approve,

‘approval with research’, ‘only in research’ and reject?

The numbers in Table 46 are also calculated from Table 40. In this case further research takes
longer to report (t=8) and so only population 3 benefits from resolving 6.

Table 46 demonstrates that the benefits of research decrease if it takes longer to report. As the
population that benefits from research decreases the decision-maker is more likely to select
policy 1 over policy 2 or policy 4 over policy 3.

Recall that in the simple example presented so far, AWR will always dominate OIR when the
new alternative is regarded as cost-effective and OIR will always dominate AWR when the new
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>
8 s000{ Tl |7 Approve
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S 4000 A
o |G e OIR
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Price of intervention 2
FIGURE 36 Impact of price on optimal policy decision (research available Population 2).
TABLE 46 Policy pay-offs when results of research are available for population 3
Policies [1(Pop,) [1(Pop,) [1(Pop,) M
1. Approve (no research) 3413 1138 1138 5688
2. AWR (approve and research) 3413 1138 1388 5938
3. OIR (reject and research) 3169 1056 1388 5613
4. Reject (no research) 3169 1056 1056 5281
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alternative is regarded as cost-ineffective. This will not always be the case. In the next section
we consider the interaction between the reimbursement decision and the ability to conduct the
required type of research.

Is the research possible if the intervention is approved?
The prospects of acquiring information through research may be affected by the decision
to approve for a number of reasons: (1) the adoption of a technology removes incentives on
the manufacturer to conduct further research, (2) the early diffusion of a technology means
that future clinical trials are less likely to be supported or regarded as ethical by the clinical
community, even when public funds are made available for such research and (3) patients are
unlikely to enrol in clinical trials once they have unrestricted access to the new technology. By
rejecting a new technology in favour of current practice, the prospects for future research are
unaffected: the manufacturer of the new technology retains an incentive to conduct research to
obtain approval and no change in clinical practice occurs to damage existing trials or remove the
ethical basis for future research.”

If the new intervention is expected to be cost-effective but research is not possible if the new
intervention is approved then policy 2 in Table 45 is no longer available. Even though the new
intervention is cost-effective it may be preferable to reject and then carry out research (OIR)
rather approving with no research (approve). This is the case in Table 45 where the pay-off from
policy 3 exceeds the pay-off from policy 1. In general, the balance between OIR and approve
will depend on whether or not the increase in population health benefits that arises from
resolving uncertainty exceeds the increase in population health benefits from approving the
new technology in the population of patients who receive treatment before research reporting.
The size of this trade-off is determined by the extent of cost-effectiveness, the amount of time

it takes for research to report or the size of the populations affected and the value of resolving
uncertainty. If research takes longer to report, as in Table 46, then policy 3 no longer dominates
policy 1 and a sufficient condition for immediate approval is met. In the case in which the new
technology is not cost-effective the optimal decision is unchanged by the fact that evidence
cannot be gained after approval, as it depends only on whether there is an additional benefit of
carrying out further research (see Is further research required?).

Some types of uncertainty, such as long-term safety, are easier to resolve if the new technology is
approved. If it is the case that research cannot be undertaken without approval then policy 3 in
Table 45 is not an option. If the new intervention is cost-effective the decision does not change
and the choice between policies 1 and 2 depends on the value of resolving the uncertainty. If,
however, the new intervention is not cost-effective it might be the case that policy 2, AWR,

is preferred to policy 4, reject with no research. This would occur if the value of resolving

the uncertainty is greater than the health benefits lost from displaced activities as a result of
approving an intervention that is not expected to be cost-effective. In the later section What
type of evidence is needed? we consider the different types of uncertainty that may require
different research designs and how these may be affected differently by the decision to approve a
technology for widespread use.

Will the research be conducted?
As already discussed, the potential value of research depends on the likelihood that it will be
conducted and the timing of when it will report. For reasons just described, in some cases further
research is not possible if the new technology is approved. In other cases the research might
be possible but may still not be conducted if the decision-maker must rely on other agents to
commission or complete the required research. For example, the manufacturer may not have an
incentive to conduct socially valuable research if it would not increase profits, and this is more
likely for a technology that has already been approved. Even once research is under way studies
may fail or remain unreported because of reasons outside the decision-maker’s control.
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To incorporate the uncertainty of whether research will be conducted and/or reported we
introduce a, the probability that the results of further research will become available. In Table 45
it is assumed that o.=1, but if it is < 1 then the reduced probability of research means that

the expected NHEs from policies 2 and 4 will be lower. In reality policy 2 is weighted by the
probability of no research being undertaken.

The expected NHE:s for policies that entail further evidence collection (AWR and OIR)
incorporate the expected benefits received by patients after research reports. The pay-offs from
these policies were calculated in How long until research reports? in which the benefits of research
expected to report at time T were estimated within Equations 10 and 11 by

(d)

Incorporating the probability that research will be conducted, this expression now becomes, in
the case of AWR:

I, = max E  NHE(},0). 2

1 (1 d)t
(1- Oc)maxE NHE(},0). z d)t +0o.E maxNHE(] 0). z d)t [Equation 12]
and in the case of OIR:
1_[OIR

d)

(1- o) E,NHE(1, e)z +0.E, maxNHE( js e)z

= (1+ d )
Given that the number of potentially worthwhile research proposals exceeds available research
funding, the probability of any particular proposal being funded will depend on its value relative
to the relevant alternative research proposals. Because of the interaction between the adoption
decision and the prospects for further research, as discussed in Is the research possible if the
intervention is approved?, the probability of research following a decision to approve, o

rove> THAY
differ from the probability of research following a decision to reject, o, . If o, > OL::,:U then
AWR would be expected to yield higher NHEs for patients after research has reported than OIR.
The section Is the research possible if the intervention is approved? considers the extreme situation
in which o Approve =0 and Oy =1 and AWR is not an option, but if 0< ot approve < Vgiec the pay-off
from AWR could be either hlgher or lower than that of OIR depending on the trade-off between
greater upfront benefits for patients receiving a more cost-effective intervention and lower

expected benefits from further research for later populations.

d) [Equation 13]

When might it be commissioned and report?
As previously discussed (see How long until research reports?), the length of time until research
reports, T, affects the size of the population that benefits from immediate approval or rejection
and the size of the population that benefits from further research. Previously we considered t
to be at =6 (research available for population 2) in Table 45 or at t=8 (research available for
population 3) in Table 46. As discussed in the previous section, future research may be regarded
as a chance event, with a probability of occurrence, o, that can be < 1. Based on an assessment of
cost-effectiveness and an assessment of the value of further research it is possible to describe the
range of possible values of T and o for which the NHEs of immediate approval will exceed those
of initial rejection of a given intervention.
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Figure 37 shows an example in which the possibility of research if the new technology is

approved is zero (o pprove = 0)- When this is the case policy option 2 in Tables 45 and 46 is no
longer available. An initial decision to reject the new intervention (e.g. reject or OIR) is assumed
to not affect the prospect for research, but research is not certain to proceed for the reasons
discussed earlier. For combinations of tand o, , located to the north-east of the boundary in
Figure 37, the benefits of immediate approval exceed the health benefits forgone from the reduced
possibility of research, and a necessary condition for immediate approval is met. This is because
the pay-off from approve exceeds the policy pay-off from OIR based on the maximum value of
further research that would resolve all of the uncertainty that was characterised in the evaluation
of NHEs. So in Table 46, when research is available for population 3 and is certain to occur, the
policy to approve exceeds the value of OIR. The point at which t=2and o, =1 is to the north-
east of the boundary and a sufficient condition for immediate approval is met. If research takes a
shorter time to report, as in Table 45, then as more patients stand to benefit from the additional
information OIR increases in value relative to approve. The point at which t=1 and Oy =118

located inside the boundary and a sufficient condition for immediate approval is not met.

The value of o can be inferred from system factors and previous experience. The value of o will
be higher if the decision-making body determining approval also has the remit to commission
further research and higher still if it has access to funding. In the scenario in which only the
manufacturer has funding for research, incentives must be properly aligned to assume that o
will be high. Even when research is under way, o. may still not be equal to 1 if there is a chance
that the research will not be reported. These factors will also influence the time until research
reports. Research requiring large populations or undertaken in diseases with a low incidence
and prevalence may be hindered by recruitment. Certain research questions will require longer
follow-up and different types of research may be more complicated and time-consuming to
execute (see What type of evidence is needed?).

Figure 37 allows decision-makers to incorporate their own values for T and o. Alternatively, a
quantitative analysis could describe the values of T and o supported by available evidence by
assigning to them probability distributions, which could be correlated if appropriate.”” These
could be utilised in the calculation of policy pay-offs described in Will the research be conducted?
to estimate the pay-off from AWR or OIR conditional on T and o. The decision-maker can
then compare the expected policy pay-ofts. However, this type of analysis provides a sufficient
but not necessary condition for approval, that is, if approve offers the highest pay-off then it
will be optimal to approve the intervention, but in some cases in which approve does not offer
the highest pay-off it would still have been optimal to approve. Equivalently, it only provides a
necessary condition for OIR because the research, if and when it does report, will not resolve
all uncertainty. In other words, when OIR or AWR offers the highest pay-off it is not always the
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FIGURE 37 A sufficient boundary for immediate approval.
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case that it is the optimal policy. Therefore, a sufficient condition for AWR or OIR would require
consideration of how much uncertainty is likely to be resolved by the research.

How much of the uncertainty will the research resolve?
So far we have discussed the assessments that can be made about the value of further evidence.
The assessments describe the value of further evidence that would eliminate all uncertainty.
This is the maximum value that additional information could be expected to provide. A single
study, no matter the size, is unlikely to take all of the measurements of interest to inform a
cost-effectiveness analysis that draws together information on costs, quality of life, prognosis
and efficacy, and this issue is addressed in the following section, which discusses the assessments
required to describe the value of further evidence that would eliminate all uncertainty for only
some of the elements of the decision problem. In practice, of course, new evidence would be
expected to lessen rather than eliminate uncertainty."”” When taking measurements from a
sample of the relevant population, a larger sample would produce a more certain result, but
unless we measure the entire population some measurement uncertainty will remain. However,
it is important to note that this value uncertainty does not necessarily result in decision
uncertainty."”® Regarding Table 36, if further research reduced the uncertainty in 0 so that it was
known to take a value of either 1 or 2, then measurement error would remain but the decision
uncertainty would be eliminated. Intervention 2 would have higher NHEs than intervention 1
no matter how 0 resolved and the probability of error would be 0. Finally, there exist sources of
uncertainty that cannot be resolved through further research. Although some of these may be
resolved over time (see Impact of other sources of uncertainty), others will remain.

The process of assessing the value of sample information is simply that of asking what changes
we could expect in our decisions if we obtained further information from additional research.
The first step is to predict the possible outcome of this hypothetical new research. The second
step is to incorporate the new evidence with the existing evidence to get an updated estimate

of expected costs and health outcomes in order to record the difference in the NHEs we would
expect from a revised decision compared with our original decision. Finally, as we could imagine
many possible outcomes for the new study, we must repeat steps one and two until the full

range of possible outcomes is adequately described. We can then compare the expected value

of our revised decision with additional sample information with the value of the decision based
on current evidence.”” Although this process may be conceptually straightforward, in current
practice with current computing capabilities it can entail very long analysis times, making it
sometimes impractical for informing decision-making in a timely manner. This is especially true
when considering the task of evaluating the value of the full range of possible study designs that
could potentially inform the decision problem.

The expected gain in health from the additional information provided by future studies must be
balanced against the cost of those studies. The notion of who would bear the costs of research was
discussed in Does more research seem worthwhile?, but regardless of this the opportunity costs

to patients included in research must be accounted for. Additional experimental research may
assign recruited patients to receive interventions that they would otherwise not have had access
to. The benefits that accrue to these research participants may differ from the benefits that accrue
to those in the wider population, and so should also be assessed separately. If a RCT comparing
two interventions recruits a total of n patients with a 1:1 allocation procedure then 0.57n patients
will have different expected NHEs from the remaining Pop - 0.5n, and this should be reflected in
any calculations. It may also be necessary to consider whether additional investment is required
to ensure that the results of research will be translated into clinical practice.”>'*

Recall from the section Is further research required? that it is possible to establish a necessary
condition for immediate approval on the basis of establishing the value of research that would
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Probability of research if reject
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eliminate all uncertainty. Thus, in Figure 37, if the decision-maker suspects that the likelihood
and timing of further research are such that the pay-off from approve would be above the
boundary, the intervention should be approved for immediate use. However, for points inside
the boundary a sufficient condition for OIR is not met. Points inside a boundary that was drawn
based on the expected value of sample information would provide a sufficient condition for OIR,
but this boundary may not be estimable within reasonable analysis time for reasons already
described. Nonetheless, an assessment of the additional value that research would generate could
be used to draw a boundary that provides a necessary and sufficient condition for immediate
approval, as shown by the dashed line in Figure 38. Such information could be a useful guide to
decision-makers in possession of the expected value of a particular proposed study and would
allow them to incorporate different views on the timing and likelihood of that research study.

Alternatively, given a pair of values for T and @, it is possible to calculate what value of sample
information would generate a boundary line that would pass through that point. This describes
the minimum additional value that further research must generate to make OIR the optimal
policy decision. In other words, when the sufficient condition for approval is not met we

could ask how few additional health benefits would have to be generated from further sample
information to mean that a given point would be to the north-east of a boundary based on
sample information.

In Figure 38, if the decision-maker believes that research would be available for population 2 and
thinks that there is an 100% chance of research if they reject the new technology, they would
not be convinced that the benefits of immediate approval could exceed the value of evidence
forgone should approval reduce the probability of research to zero (see Table 45 and Figure 37;
t=1and o, =1 lies to the south-west of the boundary). However, this boundary is drawn
considering the maximum benefit of further evidence, with which a policy of OIR generates
5944 - 5688 = 256 additional units of NHE relative to approve. As can be seen from Table 45, the
policy of OIR generates an opportunity cost of 3169 — 3413 =-244 in the first period. However,
after research has reported for populations 2 and 3 it generates additional expected NHEs of
(1388+1388) - (1138 +1138) =500, outweighing the initial loss. New evidence must generate
additional value of at least 244 units of NHE to outweigh the initial opportunity cost for OIR to
dominate approve. The decision-maker must then assess whether they believe that new research
would provide greater health benefits than this cut-off.

0_
0.49 — Sufficient
0.6 --- Necessary and sufficient
1 - T T 1
0 1 2 3

Time to research reporting (years)

FIGURE 38 Necessary and sufficient boundaries for immediate approval.
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How does price affect the need for evidence?

In Does more research seem worthwhile? it was shown that reducing the price of a new technology
would increase the benefits of immediate approval and reduce the benefits of further research,
shifting the optimal policy decision from OIR or AWR to approve. The impact of a price
reduction is to shift the sufficient boundary for immediate approval to the south-west. This is
shown in Figure 39.

The price change from £1000 to £800 means that the point at which t=1and o, =1 goes
from being south-west of the original boundary to being north-east of the new boundary, and a
sufficient condition for immediate approval is met.

How does current uncertainty affect the need for evidence?

The manufacturer of an intervention can also move this boundary for immediate approval by
providing additional evidence to support the use of the technology. Reducing current uncertainty
causes the added value of gathering further evidence to diminish, shifting the boundary to the
south-west. Suppose that the manufacturer of intervention 2 supplied the results of an additional
study that reduced the uncertainty about the increase in NHEs relative to intervention 1. Table 47
shows the NHEs associated with each intervention incorporating the additional information.

The expected health outcomes and costs of intervention 2 are similar to those in Table 36 but

the uncertainty is reduced. Additional information would now lead to a change in decision

only if 8=4, and so the error probability has fallen from 0.5 to 0.25. The consequences of this
uncertainty have fallen to less than 0.06 units of NHE per individual. Figure 40 shows the impact
of this on the boundary for immediate approval, after multiplying these individual NHEs by the
relevant population to benefit.

In this example the additional evidence in Table 47 shifts the boundary to the south-west, but not
by enough to make immediate approval appear optimal when t=1 and Oy = 1. In other words,
the policy of OIR would dominate the policy of approve. However, this boundary is drawn based
on the maximum value of further research, and as discussed earlier it is shown that a boundary
based on the actual value of further research would lie further to the south-west. Unless the
decision-maker believed that further research would provide NHEs very close to this maximum
value, the reduction in current uncertainty would result in a sufficient and necessary condition

for immediate approval.
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FIGURE 39 Impact of price change on sufficient boundary for immediate approval.
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TABLE 47 Net health effects per patient with additional evidence for intervention 2

Intervention 1 Intervention 2
0 h(1,0) c(1,0) NHE(1,6) h(2,0) ¢(2,0) (£) NHE2,0) Max. NHE
1 0.70 £5750 0.41 1.0 £11,000 0.45 0.45
2 0.40 £6500 0.08 1.2 £15,000 0.45 0.45
3 0.90 £6000 0.60 1.3 £14,000 0.60 0.60
4 1.30 £5500 1.03 1.3 £10,500 0.78 1.03
E, 0.83 £5938 0.53 1.2 £12,625 0.57 0.63
Max., maximum.
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FIGURE 40 Impact of additional evidence on sufficient boundary for immediate approval.

What type of evidence is needed?

Earlier we discussed how to determine whether further research is worthwhile (see Is further
research required?). It would also be useful to know what type of additional evidence would be
most valuable. In this section we expand our established framework to show the value of different
types of information and the importance of the sequence of data collection. This information

can be used to prioritise data collection but also becomes important in determining a decision to
approve if certain types of research are not possible with approval (see Is the research possible if
the intervention is approved?).

We can expand Table 39 to describe a situation in which the available evidence is made up of
two uncertain parameters, 6="0,,0,, resulting in Table 48. The first row of Table 48, when 6=1, is
aresult of 6, =1 and 6,=1. In this example, if 6, =1 then intervention 2 is preferred if 6 =1 but
intervention 1 is preferred if 6, = 2.

As was done previously in Table 37, in Table 49 we multiply the individual NHEs by the size of
the relevant patient population (given by Equation 3), split into three time periods.

The expected values assume that each value is equally likely for both 6, and 6,. With more than
one type of uncertainty it is possible that further research would gather information on a subset
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TABLE 48 Net health effects per patient for two types of uncertainty

0 0, 0, NHE(1,0) NHE(2,0) Max. NHE
1 1 1 0.41 0.48 0.48

2 2 0.08 0.68 0.68

3 2 1 0.60 0.38 0.60

4 2 1.03 0.75 1.03

E, 0.53 0.57 0.69

Max., maximum.

TABLE 49 Population NHEs for two types of uncertainty

Population 1 Population 2 Population 3

0 0, 0, NHE(1,0)  NHE2,0) Max. NHE NHE(1,0) NHE2,0) Max. NHE NHE(1,0) NHE2,0) Max. NHE
1 1 1 2475 2850 2850 825 950 950 825 950 950

2 2 450 4050 4050 150 1350 1350 150 1350 1350

3 2 1 3600 2250 3600 1200 750 1200 1200 750 1200

4 2 6150 4500 6150 2050 1500 2050 2050 1500 2050

E, 3169 3413 4163 1056 1138 1388 1056 1138 1388
Max., maximum.

of the available evidence. To determine the benefit associated with resolving only 6, we find
the expected NHEs of each intervention for each possible value of .. In this case the benefit
associated with 6, =1 in population 1 for intervention 1,

E NHE(1,6,=1,6,
o~ NHE( ) Z (1+d)

is the average of 2475 and 450, which is equal to 1463 and the NHE associated with 6, =1 in
population 1 for intervention 2,

HE(2, 1,
B NER0,10) S L
is the average of 2850 and 4050, which is equal to 3450. The full range of effects is calculated and
shown in Table 50 for the three patient populations. Knowing whether 6, would resolve at 1 or 2
would allow the decision-maker to obtain the maximum net benefits of

E, max E, , NHE(},6,,6,).Pop=4163+1388+1388 = 6938,
]

The benefit of resolving uncertainty in 6, can be calculated in the same way and is shown in
Table 51. Knowing whether or not 6, would resolve at 1 or 2 would allow the decision-maker
to obtain the maximum NHEs of 3656 + 1219+ 1219 = 6094. In both tables the expected NHEs
of approving the cost-effective intervention 2, based on current evidence, is unchanged at
3413+ 1138+ 1138 =5688. However, the gain in expected NHEs from research on 6 is greater
than the expected gain from further research on 6,.

Previously, Tables 44-46 considered the potential pay-offs from research that would resolve
all uncertainty, 0, that is, both 6 and 8,. Assuming that research designs to resolve 6, or 0,
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TABLE 50 Population NHEs conditional on 0,

Population 1 Population 2 Population 3
0, NHE(1,0)  NHE2,6,) Max. NHE  NHE(1,0)  NHE2,6,) Max. NHE  NHE(1,0)  NHE22,6,)  Max. NHE
1 1463 3450 3450 488 1150 1150 488 1150 1150
2 4875 3375 4875 1625 1125 1625 1625 1125 1625
E, 3169 3413 4163 1056 1138 1388 1056 1138 1388
Max., maximum.

TABLE 51 Population NHEs conditional on 6,

Population 1 Population 2 Population 3
0, NHE(1,0,)  NHE2,0,) Max. NHE  NHE(1,0,)  NHEQ2,0,) Max. NHE NHE1,6,) NHE?2,0)  Max. NHE
1 3038 2550 3038 1013 850 1013 1013 850 1013
2 3300 4275 4275 1100 1425 1425 1100 1425 1425
E, 3169 3413 3656 1056 1138 1219 1056 1138 1219
Max., maximum.

TABLE 52 Policy pay-offs when two types of uncertainty are considered

Policies [1(Pop,) [1(Pop,) [1(Pop,) M

1. Approve 3413 1138 1138 5688
2. AWR(®,) 3413 1388 1388 6188
3. AWR(6,) 3413 1219 1219 5850
4. AWR(0) 3413 1388 1388 6188
5. OIR(B) 3169 1388 1388 5944
6. 0IR@,) 3169 1388 1388 5944
7.0IR®,) 3169 1219 1219 5606
8. Reject 3169 1056 1056 5281

individually would be available for population 2 (t,=1,=6), and that research is certain to report
(ae=1), we consider an expanded range of potential adoption and research decisions in Table 52.

The policies and results for 1, 4, 5 and 8 are the same as those presented in Table 45. The NHEs
for policies 2 and 6 are calculated by assuming that only 8, is resolved in populations 2 and 3

(see Table 50). The NHEs for policies 3 and 7 are calculated by assuming that only 8, is resolved
in populations 2 and 3 (see Table 51). There are now a range of possible OIR and AWR decisions
that differ in the type of additional evidence sought. For example, the policy to reject intervention
2 and conduct further research on 6, can be denoted OIR(0,). The policy to reject intervention 2
and conduct research on all (both) parameters is OIR(0). Policies 2-4 represent AWR decisions
whereas policies 5-7 represent OIR decisions.

The results reported in Table 52 suggest that there is no additional benefit in resolving 6, over and
above that realised if 0, is resolved. The most beneficial policy is to approve and then research 0,
that is, an AWR(6,) decision.
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The formal notation for the additional reimbursement and research decisions described in

Table 52 are:

1. Approve: see Equation 6
2. Approve and research 0,:

[Equation 14]

M, = maxE  NHE(},0). Z

I
“(1+d) = d)

3. Approve and research 6,:

e, = = max E,NHE(},6). 2( 1 o E,, max E, NHE(},9). 2 o d) [Equation 15]
4. Approve and research 0 (both 6, and 0,): see Equation 10
5. Reject and research 6, and 6,: see Equation 11
6. Reject and research 6,

I

Mo, ) = E,NHE(L,0). 2( T E,, max E, NHE(},6). 2 I d)’ [Equation 16]
7. Reject and research 6,

I1,,,.,.. = max E,NHE(j,0).Pop [Equation 17]

J

8. Reject: see Equation 7.

What type of research is possible if the technology is approved?
The section Is the research possible if the intervention is approved? discussed the fact that some
types of research may not be possible once a new intervention is approved for widespread use.
In this example if research to inform 6, is not possible once the new intervention is approved,
then policies 2 and 4 in Table 52 are not options. For example, this type of trade-off may arise
ifa RCT is the appropriate research design for gathering further information on 6,, whereas
an observational study could inform 8,. The decision-maker must choose between immediate
approval, with further research possible only on 8, or rejection and the potential to conduct
further research on either or both types of uncertainty. In these circumstances the expected
pay-offs in health effects associated with policies 5 and 6 (Hom(e) ’Hom(el)) are greater than those
of policies 1 and 3 18! APP,OVQ,H awr,))> that is, it is more beneficial to utilise OIR and reject in
order to allow research about 0, than to approve or utilise AWR restricted to research that would
inform only 6,. The expected health gains from conducting the more valuable research design
exceed the opportunity cost of delaying access to the new intervention.

If the observational study design to inform 6, is viable only following approval, then policies

5 and 7 in Table 52 are no longer options. The decision-maker may be faced with the choice

between approving the new intervention in order to obtain information on 8, and rejecting in

order to obtain information on 6,. In this example, policy 6 (I, =5944) is more valuable than

policy 3 (I1 ;,yx 6, = 5850). However, this balance could be altered if the research designs impose

different costs on the budget for health care. For example, if research to inform 6, costs £200,000
£200,000

(R, :TZIO)
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whereas research to inform 8, costs £4M (R, =200) then the pay-off from AWR with further
research on 6, [1 4, —R, = 5850 —10 = 5840, would offer greater expected NHEs than
policy 6, Ty, —R, = 5944200 = 5744.

How does price affect the type of research required?

Figure 41 shows the frontier of optimal policy choices as a function of the price of intervention
2 and with research costs of R =200, R,=10 and R ,=210. The frontier shows that the choice
between approve, reject, AWR and OIR is sensitive to the price of intervention 2.

When the price of intervention 2 is less than £700, the benefits from additional research would
not exceed the costs and approve is the optimal policy. As the price of intervention 2 rises to
between £700 and £1081 the consequences of decision uncertainty increase to the point that
the benefits of further research on 6, outweigh the costs and AWR(®, ) is the optimal policy. For
prices between £1081 and £1145 intervention 2 is no longer expected to be cost-effective, but
further research to inform 8, still appears worthwhile so that OIR(6)) is the optimal policy. The
type of research required remains the same for prices between £700 and £1145, but the initial
decision to approve or reject prior to research reporting is altered. For prices between £1145
and £1780 intervention 2 is still not expected to be cost-effective, but the benefits of further
research are altered such that the type of research required under OIR is now research into both
0, and 6,. When the price of intervention 2 exceeds £1780 the consequences of uncertainty in
the decision to reject intervention 2 are reduced to the point at which further research no longer
appears worthwhile.

Does the sequence of research have implications for ‘approval with
research’ and ‘only in research’?

The policy set evaluated in Table 52 describes the choice between no research or a single research
study of various designs. However, the possible research decisions also include the different
sequences in which different types of research could be conducted. The choice of sequence

will depend on the benefits and costs of different types of research and the impact of resolving
some uncertainties on the importance of others that remain unresolved. For example, quick and
relatively cheap research about a key parameter (which influences the importance of others)
might, in some circumstances, show that a very expensive trial which would take a considerable
time to report might no longer be required. The benefits of a sequential research design are that
the latter pieces of research will be conducted only if it still appears valuable conditional on the

Price alternative 2 (£)

FIGURE 41 Optimal policy frontier.
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results of the earlier pieces, thus allowing the decision-maker to avoid some research costs, R."!
Note that the time until research reports and the likelihood of it reporting must be calculated
for each potential research design. The choice of sequence will also be modified by whether
particular types of research are possible with and without approval.

With two types of uncertainty there are two possible sequences for research that can be evaluated
alongside one-off research decisions. Research initiated immediately would report at T, for 6, or
7, if instead it was designed to inform .. It is also possible to consider the probability of research
separately for each possible research design (see Is further research required?). However, in this
example we assume that research is guaranteed to report (o, =0, = ,=1). If further research
into 0, is initiated after research on 6, had reported at time 1, that research would report at time
T, +1,. So decisions earlier than T, must be made before the results of any research are known.
Decisions made between 1, and 1, + 1, can utilise the additional information generated for 6.
Decisions made after T, 7, can utilise the additional information generated for both 6 and 0,.

If research on parameter i will cost R, then after having conducted research into 8, the decision to
proceed with research on 6, is informed by:

I I
E, max{maxE NHE(j, G)leﬂz(l Nk Eqgp, maxNHE(] G)lem(1+d) RZ}

[Equation 18]

That is, the benefits of research into 6, will be available at time 1, + 1,, and these must be compared
with the benefits of continuing with a decision based on current information available at time T,
that is, to maximise expected NHEs with perfect knowledge of 6..

After having conducted research into 8, the decision to proceed with research on 6, is
informed by:

E, max{maxE NHE(j,9). t_g‘fz(l d)wEme maxNHE(] 9). t;rz(l . Rl}

[Equation 19]

Let us suppose that the costs of research are R, =200 and R, =10. Table 52 indicates that there is
no added value to further research on 6, following research into 8, (the pay-offs from policies
2 and 4 are the same, as are the pay-offs from policies 5 and 6). Therefore, the probability of
proceeding to incur research costs for 6, in a sequential design to investigate first 6, then 6,

is zero:

E, NHE(j,0 —R
e d) mpxNHE(: )wzﬂzud) ]

The pay-off from a sequential design to inform 6, then 6, is simply the same as the pay-off from a
one-off research design for 6,.

However, a comparison of the pay-offs from policies 3 and 4 or policies 5 and 7 suggests that
there is additional value from resolving 8, after 6, is known. To calculate whether research
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would proceed on 6, we need to return to Table 49 to calculate the value of further research and
compare this with the costs of research, R =200. We must establish whether further research

to resolve 6, for population 3 would proceed once research had identified the true value of 6,
for population 2. First, we consider the case in which research identifies that 6, =1. Notice from
Table 50 that if the value of 6, is known to be 1, the NHEs of intervention 1 in population 3 are
the average of 825 and 1200,

E, NHE(1,6,.,6, _1)2 d) =1013,

the NHEs of intervention 2 in population 3 are the average of 950 and 750,

E, NHE(2,6,,6, = 1)2( Y

and the maximum NHEs in population 3 are the average of 950 and 1200,

=850,

max E, NHE(j,6,.,6, 1)2 -=1075.
)

d)

The additional NHEs from research are not sufficient to outweigh the opportunity cost of
that research,

[mjax EglNHE(j’el’OZ = 1)— EGINHE(I’HI’Q l)}é(l-}-d) Rl’

and the optimal policy is to reject. Now we make the same calculations for the case in which
research identifies that 6, =2. The NHEs of intervention 1 in population 3 are the average of 150
and 2050,

E, NHE(1,6,,6, 2)2 =1100,
the NHEs of intervention 2 in population 3 are the average of 1350 and 1500,

E, NHE(2,6,,6, _2)2 =1425,
= ( d)

and the maximum NHEs in population 3 are the average of 1350 and 2050,

T

=1700.

max E, NHE(j,6,,0, =2
J

(d)

The additional NHEs from research now outweigh the opportunity cost of that research,

=1700,

I:maerlNHE(j,Bl .0,=1)— E, NHE(1,6,,0, = )]2( Id)
J

and the optimal policy is to continue to research 8. In summary, if ,=1 research on 6 will not

proceed, whereas if §, =2 research on 6, will proceed. Each value of 8, is equally likely and so the

probability of continuing to research on 6, is 0.5 (50%). This means that the expected research

costs for the sequential research design (R,+0.5R,) are less than the expected research costs

for a decision to conduct both research studies (R,+R,). Table 53 shows the full set of expected

research costs alongside the policy pay-offs from the full range of policies that incorporate AWR

and OIR with sequential research designs.

The general notation for calculating the pay-ofts from the additional policies described in
Table 53 is:
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TABLE 53 Policy pay-offs with different sequences of research and expected research costs

Policies [1(Pop,) [1(Pop,) [1(Pop,) R [1-R
1. Approve 3413 1138 1138 0 5688
2. AWR(©,) 3413 1388 1388 200 5988
3. AWR(©,) 3413 1219 1219 10 5840
4. AWR(9, then 9,) 3413 1388 1388 200 5988
5. AWR(9, then 0,) 3413 1219 1378 110 5899
6. AWR(0) 3413 1388 1388 210 5978
7. 0IR(®) 3169 1388 1388 210 5734
8. 0IR(6, then 6,) 3169 1388 1388 200 5744
9. OIR(®, then 8.) 3169 1219 1378 110 5655
10. OIR@®,) 3169 1388 1388 200 5744
11.0IR©®,) 3169 1219 1219 10 5596
12. Reject 3169 1056 1056 0 5281
1. Approve: see Equation 6
2. Approve and research 0 : see Equation 14
3. Approve and research 0.: see Equation 15
4. Approve and research 6, then 6,: utilise Equations 14 and 18:
I
T, eno,) = max E,NHE(],0). 2 d)f + E,, max E, NHE(,0). 2( Ty R
t=1,
E max{max E, NHE 0 , max NHE(j,0 —-R
{ G >2(1 2y Fon Gy )g(l Y }
[Equation 20]
5. Approve and research 8, then 6 : utilise Equations 15 and 19:
[, ten s, = MaX EGNHE(],6). Z d) + E,, max E, NHE(},6). 2( Y ~R,+
t=T,
E,, max max Ey NHE(j, e)z 7+Egpp, max NHE(j, e)z -R,
d) ' =1+ d )
[Equation 21]

Approve and research 6 (both 6 and 0,): see Equation 10
Reject and research 6 : see Equation 16

Reject and research 6,: see Equation 17

Reject and research 6, then 0.: utilise Equations 16 and 18:

Y N

—t _+E, maxE  NHE(j, e)z L —R+

Houz(s theno,) = EeNHE(1,8). z d) Sa+ d)

E, max{maxE NHE(j, 9)2 Egp, maxNHE(] 6)2‘(1 Ty RZ} [Equation 22]

~(1+ d)f ’

10. Reject and research 0, then 6 : utilise Equations 17 and 19:
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I
E, E, NHE 0 —R
d) + max (j,0). ; rd) L+

1_[OIR(OZ then 6,) =E NHE(I e) Z

Eqp, max NHE(},0). 2

E, max{maxE NHE(j, 9)2 (1
t=1,

-, -R [Equation 23]
S d) d)‘ }

11. Reject and research 8 (both 6 and 0,): see Equation 11

12. Reject: see Equation 7.

The consideration of research costs must be incorporated in order to determine the pay-ofts
from the sequential research designs. If manufacturers bear the research costs such that they no
longer fall on the budget for health care, further knowledge on 8, would be regarded as valuable
whether 6,=1 or 2. However, when research costs do fall on the budget for health care then if
0,=1 research on 6, would not proceed and the decision-maker would not be able to obtain the
maximum possible NHEs for population 3, E, max NHE(,0), only the maximum conditional on
0, E, , Max E, NHE(},0). In this example the smaller expected research costs from a sequential
de51gn t6 research first 0, then 6, (AWR policy 5 or OIR policy 10) are not sufficient to outweigh
the benefit of earlier research 1nt0 0, (AWR policies 2, 4 and 6 or OIR policies 7, 8 and 10).

Recall from earlier that some types of research might not be possible once a technology is
approved for widespread use (see Is the research possible if the intervention is approved?). If it is
not possible to conduct research into 8, following approval then policies 2, 4, 5 and 6 in Table 53
are no longer available. In this example, the sequential OIR designs that would provide additional
information on 6, do not alter the conclusion that AWR(D,) offers the greatest expected pay-off.

Impact of other sources of uncertainty

The section Is further research required? explained why there may be value in resolving
uncertainty through further research, and the section What type of evidence is needed? discussed
the range of assessments that would have to be made about the appropriate research design.
However, some uncertain elements that determine the expected costs and health outcomes

of technologies will not be resolvable through further research. If it is possible that further
information may be revealed over time on these other sources of uncertainty then they too can
have an impact on the appropriate policy choice and so this possibility must be assessed. One
example of a source of uncertainty that is not resolvable through research is the price of a health-
care technology following patent expiry. The decision-maker may have good knowledge of the
time at which the patent is due to expire but be uncertain of the impact that this and the potential
for generic entry will have on the price. In this section we consider the impact of such an event
on the appropriate policy choice.

For example, the patent for intervention 2 is known to expire at time t=6 and at this point one
of two possible outcomes will occur. Either there will be immediate generic entry to the market
(a state of the world represented by y=1) or the manufacturer might successfully protect its
exclusive market position (a state of the world represented by y=2). In this simple example both
states of the world are deemed to be equally likely. As before, if the decision-maker must select
an intervention before further information about generic entry is known, they should choose the
technology with the greatest expected NHEs: max E NHE(j,y).

After the patent has expired and the decision-maker knows whether or not a lower-priced
version of the drug will be available the intervention can be chosen conditional on the outcome
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of the event max NHE(},7), and the expected value of this decision is E, max NHE(j,y). Table 54
shows the eXpected NHE:s for each intervention depending on the resolution of the uncertain
parameter, y. Note that when cost-effectiveness is assessed as described earlier (see Is the
intervention cost-effective and what are the risks?) it is assessed on the basis of either the monopoly
price or the generic price. It would be inappropriate to incorporate the expected price (i.e. the
average of these two prices) in the assessment of cost-effectiveness, as basing decisions on this
expected price would in general offer fewer NHEs than basing decisions on the known current
price within each decision period. The example so far has assumed that the price of intervention
2 remains unchanged at the monopoly price and so the numbers equate to those for y=2.

Table 55 presents the pay-offs from possible policy options. As the uncertainty about whether
or not generic entry will occur cannot be resolved through research, the decision to initiate
research is no longer relevant. However, as the uncertainty is expected to resolve over time the
reimbursement decision could be re-evaluated and reversed.
The general notation for the pay-ofts included in Table 55 are as follows:

1. Approve with no change of guidance:

HApprove = mjax EyNHE(]’y)POP [Equation 24]

2. Reversal (approve then revise guidance after patent expiry):

Iy = E,NHE(2,7). Z +E, maxNHE( iY). Z [Equation 25]
(1 d) = (1+ d)
3. Delay (reject then revise guidance after patent expiry):
M., = E,NHE(LY). Z +E, maxNHE( iy). Z [Equation 26]
d) = (1+ d)
TABLE 54 Population NHEs with other sources of uncertainty
Population 1 Population 2 Population 3
0 NHE(1,0) NHE(2,0) Max. NHE ~ NHE(1,0) NHE(2,0) Max. NHE ~ NHE(1,0) NHE(2,0) Max. NHE
1 3169 3413 3413 1056 1738 1738 1056 1738 1738
2 3169 3413 3413 1056 1138 1138 1056 1138 1138
3 3169 3413 3413 1056 1438 1438 1056 1438 1438
Max., maximum.
TABLE 55 Policy pay-offs with other sources of uncertainty
Policies [1(Pop,) [1(Pop,) [1(Pop,) M
1. Approve 3413 1438 1438 6288
2. Reversal (approve then revise) 3413 1438 1438 6288
3. Delay (reject then revise) 3169 1438 1438 6044
4. Reject 3169 1056 1056 5281
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4. Reject with no change of guidance:
HReject = EyNHE(l)V)-POP [Equation 27]

When a new intervention is initially regarded as cost-effective, the potential for a price reduction
will not change that assessment: intervention 2 goes from being cost-effective to being even more
cost-effective. The NHEs of approve in Table 55 exceed the value in Table 40 whereas the NHEs of
reject are unaffected. It is for this reason that the option to initially approve the new intervention
and then reverse the decision after the price change is not valuable. Likewise, the option to delay
approval until after the price change is known generates fewer expected net health benefits than
approve. However, the option to revise the decision may be relevant if the resolution of the other
source of uncertainty would make intervention 2 appear less, rather than more, cost-effective.

How does price affect the impact of other sources of uncertainty?

If the monopoly price is higher (£1500) as shown in Table 56 and intervention 2 is not cost-
effective then a policy to reject the new intervention appears more valuable than a policy to
approve. However, the potential change in price means that once the uncertainty is resolved
approval may appear cost-effective, and so policy 3 to initially reject and then approve if the price
falls after patent expiry offers the greatest pay-off: I, =3169+1397 + 1397 =5963.

Some might regard this as a policy to delay the decision whereas it is in fact reject followed by

a reassessment of the value of the new intervention should the price drop. This policy to delay
approval (policy 3) offers 5963 — 5281 = 682 additional expected NHEs compared with the next
best policy of reject. In this example there is a 50% chance that guidance will change at t=6, that
is, before the end of the expected lifetime of the intervention, T, = 10.

Figure 42 shows how the optimal policy changes with the monopoly price of intervention 2 (the
plotted values correspond to those in Table 55 with a 50% probability of a generic price of £400
after one period).

For prices below £1081 the optimal policy is to approve, and the opportunity to revise the
decision (Reversal) does not offer additional value because intervention 2 is cost-effective
regardless of whether or not there is generic entry. Under these circumstances the resolution of
the other source of uncertainty would not be expected to lead to a change in guidance. Once the
price exceeds £1081 intervention 2 is not cost-effective unless the price falls with generic entry,
and so the policy of reject then revise (delay) offers the greatest pay-off. In this price range the
resolution of the other source of uncertainty could potentially lead to a change of guidance. Thus,
the impact of a price change can be to alter the probability that guidance will be changed in the
future in response to the resolution of other sources of uncertainty over time.

TABLE 56 Policy pay-offs with other sources of uncertainty: monopoly price intervention 2=£1500

Policies [1(Pop,) [1(Pop,) [1(Pap,) N

1. Approve 1913 1188 1188 4288
2. Reversal (approve then revise) 1913 1397 1397 4706
3. Delay (reject then revise) 3169 1397 1397 5963
4. Reject 3169 1056 1056 5281
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How does the impact of other sources of uncertainty vary with

their magnitude?

So far the probability of generic entry has been assumed to be 50%. If the probability of generic
entry is lower, for example 10% as in Table 57, the additional expected health effects from
delaying the decision will be reduced.

However, notice that the pay-offs from all policies in which the intervention might be approved
have fallen because there is less chance of a large improvement in expected NHEs from
intervention 2 when generic entry is less likely. The impact of altering the level of uncertainty
about the possibility of generic entry is greatest for approve (no revision), for which the decision
cannot be altered in the light of additional information.

How do other sources of uncertainty impact on the need for evidence?
When regarded in isolation, a source of uncertainty that will resolve over time illustrates
that decision-makers may have an opportunity to maximise health benefits by revising their
reimbursement decision in light of additional information. However, other sources of uncertainty
can also impact on decisions about whether further research is valuable. Thus, when such a
source of uncertainty is identified, it is necessary to reassess the value of further research in
the presence of these uncertain events that may be resolved over time. That is, the assessments
described in Is further research required? and What type of evidence is needed? must be combined
with those described in Impact of other sources of uncertainty. To illustrate how this can be
achieved, Table 58 combines Tables 49 and 54 to show all possible value combinations for 0
conditional on different values for v.
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FIGURE 42 Impact of monopoly price intervention 2 on optimal policy decision.

TABLE 57 Policy pay-offs with other sources of uncertainty: monopoly price intervention 2=£1500, probability generic

entry=0.1
Policies [1(Pop,) [1(Pop,) [1(Pop,) M
1. Approve 1913 748 748 3408
2. Reversal (approve then revise) 1913 1124 1124 4161
3. Delay (reject then revise) 3169 1124 1124 5418
4. Reject 3169 1056 1056 5281
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TABLE 58 Population NHEs in the presence of uncertainty that can be resolved through research and uncertainty that is
resolvable over time

Population 1 Population 2 Population 3

Max. Max. Max.

6 6 o 6, NHE1,6,6) NHE20,0) NHE NHE(1,0,0)  NHE2,0,0) NHE NHE(1,0,0) NHE2,0,6) NHE

1 1 1 2475 2850 2850 825 950 950 825 950 950

2 2 450 4050 4050 150 1350 1350 150 1350 1350

3 2 1 3600 2250 3600 1200 750 1200 1200 750 1200

4 2 6150 4500 6150 2050 1500 2050 2050 1500 2050

2 1 1 2475 2850 2850 825 1550 1550 825 1550 1550

2 2 450 4050 4050 150 1950 1950 150 1950 1950

3 2 1 3600 2250 3600 1200 1350 1350 1200 1350 1350

4 2 6150 4500 6150 2050 2100 2100 2050 2100 2100

Eey 3169 3413 4163 1056 1438 1563 1056 1438 1563
Max., maximum.

Table 59 repeats the policy options from Table 53 in light of the other source of uncertainty
regarding the potential price reduction. However, in this example we assume that the costs of
research do not fall on the budget for health care and so R =R,=R, ,=0.

When a new intervention is regarded as cost-effective, the potential for a price reduction can
increase the benefits of adoption relative to the benefits of further research. Once other sources
of uncertainty are resolved, the probability of a wrong decision (see Is further research required?)
is altered and hence the value of research will change. For example, in Table 49 additional
information about 91,92 would lead to a different reimbursement decision for two out of the four
possible value combinations, giving an error probability of 50%. However, when also considering
the possibility of a price reduction, there are eight possible value combinations shown in Table 58,
and once that other source of uncertainty is resolved (for populations 2 and 3) additional
information about 6,8, would lead to a different reimbursement decision for only two of these,
leading to an error probability of 25%. However, a reduction in the probability of a wrong
decision does not necessarily imply that the value of further evidence will fall, as the resolution of
other sources of uncertainty can also impact on the consequences of a wrong decision.

Whereas in Table 53 policy 10 [OIR(6 )] was regarded as more valuable than approve without
evidence collection (policy 1), the prospect of a price reduction means that the ranking of these
policies is reversed in Table 59. The additional information about6, generated by policy 10 would
be available only after the price reduction was known. At this point additional information about
8, is less valuable relative to approval and the gain in expected NHEs is insufficient to outweigh
the opportunity cost of denying earlier access to intervention 2 in order to conduct the research.
Hence, the resolution of this other source of uncertainty makes an OIR decision to collect further
information on 6 no longer valuable.

Other sources of uncertainty can also have the effect of increasing the value of certain types of
research. For example, in Table 59 there was no additional value to researching8, once research
on®, is completed. However, given a reduction in price (y=1) further information about 6, would
lead to different adoption decisions for population 3 in Table 59, and hence the value of policies 4
and 8 is increased such that I1, x4, ten,) > Ilawris,) a0d Moo, ten6,) > omee,»
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TABLE 59 Policy pay-offs with uncertainty that can be resolved through research and uncertainty that is resolved

over time

Policies [1(Pop,) [1(Pop,) [1(Pop,) M

1. Approve 3413 1438 1438 6288
2.AWR(®,) 3413 1538 1538 6488
3.AWR®,) 3413 1438 1438 6288
4. AWR(®, then 6,) 3413 1538 1563 6513
5. AWR(®, then ©,) 3413 1438 1563 6413
6. AWR(6) 3413 1563 1563 6538
7. 0IR(®) 3169 1563 1563 6294
8. OIR(0, then 0,) 3169 1538 1563 6269
9. 0IR(®, then 6.) 3169 1438 1563 6169
10. OIR@®,) 3169 1538 1538 6244
11.0IR®,) 3169 1438 1438 6044
12. Reject 3169 1056 1056 5281

So although the prospect of a future price reduction could make early adoption appear more
valuable, it could also increase the value of further research. When further research is not
possible after the intervention is approved (see Is the research possible if the intervention is
approved? and What type of research is possible if the intervention is approved?) it is possible that
on balance this other source of uncertainty could make OIR policies more attractive relative

to approve even though the intervention is expected to be more cost-effective. So, for example,
if research is not possible on 6, following approval, then policies 2, 4, 5 and 6 in Table 59 are

no longer available. Now it is preferable to use OIR(8,,0,), that is, to reject in order to conduct
further research on both 8, and 6, rather than to utilise AWR to approve and conduct research
only on6,.

What is the impact of irrecoverable costs?

Irrecoverable costs were introduced in the section Are there significant irrecoverable costs? in
which it was noted that the expenditure of investment costs occurs in an earlier time period

to that in which the ensuing benefits are realised. Investment costs may be incurred when the
decision is made to commence treatment for each individual patient. Alternatively they may

be at the level of the health-care system when the decision is made to approve an intervention
for widespread use. Reversal costs are incurred when the decision is made to discontinue using

a particular health-care technology. Similar to investment costs they can be at the individual
patient level or at the level of the health-care system. For example, the decision to cease a
pharmacological treatment for a chronic condition may require additional health-care contacts
to monitor withdrawal at an individual level. At the health-care system level the decision to
disinvest in a technology, that is, to no longer reimburse it, may need to be disseminated in order
to alter clinical practice. Investment or reversal costs may be in terms of health effects rather than
expenditure on capital equipment.5’

When investment costs, C, such as expenditure on capital equipment, are incorporated by
annuitisation (see Are there significant irrecoverable costs?), they are weighed against the health
outcomes in the same way as any other costs, that is, the total investment cost is allocated over
time and the patient population as if it was actually incurred (in small parts) per patient in each
period. The total expected costs of approving the intervention will be correctly estimated as long
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as this decision is not revised earlier than expected because of other events that may change the
expected costs and health outcomes of this or comparator technologies. Therefore, it should be
apparent that investment and reversal costs will have a particular impact (other than on expected
costs) only if research is likely to report or other sources of uncertainty resolve in the near or
distant future.

Investment costs are incurred at the point of approving a technology for use within the health
service, and their introduction reduces the benefits of approve relative to reject. If investment
costs are high enough, this may lead us to reject an intervention that was regarded as cost-
effective before considering those costs. If there is an additional irrecoverable cost of £20M
associated with intervention 2, this would be expected to displace activities that could have
produced 1000 health benefits

20,000,000
(C(2)=7£ p =1000).

Thus, the NHEs from approving the new intervention in Table 41 need to be reduced by this
amount, from 5688 to 4688 (assuming that they have not been incorporated by annuitisation
in the estimation of individual NHEs). This would mean that the benefits of approve no
longer exceed the benefits of reject (5281) and consideration of investment costs means that
the new alternative no longer appears cost-effective. Of course, additional costs that were
previously not included in an analysis will increase expected costs. However, the question is,
in what circumstances will the irrecoverable nature of these costs impact on the approval and
research decisions?

The impact of irrecoverable costs with other sources of uncertainty
In the section Impact of other sources of uncertainty we discussed the impact of resolving
uncertain events over time on the expected costs and health effects of alternative interventions,
and the possibility that this may lead to changes in the reimbursement decision over time. This
means that the health outcomes from approving a technology may accrue over a shorter time
period and thus will be reduced in magnitude relative to the irrecoverable costs.

Reversal costs are incurred at the point of removing an existing intervention from use within

the health service (e.g. discontinuing the intervention that is current practice). These are often
omitted from cost-effectiveness analysis, which simply compares the marginal benefit of one
intervention over another. However, once we consider that the reimbursement decision may
change over time, these should be incorporated in the same way as investment costs before

the point at which the decision to approve the intervention is made. The difference between
investment and reversal costs relates to the time at which they are incurred, but also to the
likelihood of their occurring. Although the decision to approve a technology will necessarily lead
to the imposition of investment costs (probability = 1), it is only if that decision is later changed
that reversal costs are incurred (probability <1).

Table 55 showed the benefit of alternative policy decisions in the presence of uncertainty
surrounding the future price of intervention 2. With this price change, the most beneficial
policy was approve with NHEs of 6288. Table 60 shows the value of the same policy options
from Table 55 but with an irrecoverable cost of C(2) = 1000 attached to the decision to approve
intervention 2.

It can be seen that overall the health effects across all populations from approving the new
intervention outweigh the investment costs (approve is more valuable than reject). However, the
policy to reject the intervention until the outcome of the price change is known (delay) is now
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TABLE 60 Policy pay-offs with investment costs and other sources of uncertainty

Policies [1(Pop,) [1(Pop,) [1(Pop,) Ey N

1. Approve 3413 1438 1438 1000 5288
2. Reversal (approve then revise) 3413 1438 1438 1000 5288
3. Delay (reject then revise) 3169 1397 1397 500 5463
4, Reject 3169 1056 1056 0 5281

increased in value relative to approve. This is because if we reject initially, the health effects from
approving the new intervention in populations 2 and 3 in the absence of a price change (y=2) are
not enough to exceed the irrecoverable costs,

—C(2)<NHE(1 2
T d) (2)<NHE(Ly = );(Hd)
(1138+1138-1000< 1056+ 1056), and so if this state of the world arises we still reject. However,
if generic entry does occur (y=1), the increased health gains from approving the new technology
are enough to exceed the irrecoverable costs,

NHE(2,y = 2)2

NHE(2,y = 1)2 —-C(2)< NHE(L,y = 1)2

i=s d ) 2 (1+ d)’

(1738+1738-1000> 1056 + 1056), and so we would choose to approve at this point. The decision
to approve immediately is optimal if the price drops, and delaying approval allows the decision-
maker to incur the irrecoverable costs only if this is actually what happens (p=0.5), rather than
incurring the irrecoverable costs regardless of how yis resolved (p=1). Therefore, the expected
irrecoverable costs associated with the policy to reject then revise (delay), E_. , =500, are lower

C(2)
than the expected irrecoverable costs associated with approve, where E,, =1000.

The pay-off from the optimal policy in the presence of irrecoverable costs can be found using:

max[ ]+E max[NHE( 7). 2 -C(j, jt<,):|

= 1+ d )
where C(j) represents investment costs; these fall to zero in the second time period (t>7) if
intervention j was selected in the first time period (¢ < 7). For C(j) that are reversal costs these
become positive in the second time period (t= 1) only if intervention j is selected in the first time
period (¢ < ) then rejected in the second.

S 1+ d )
[Equation 28]

The impact of irrecoverable costs when further research is conducted
In the section Is further research required? we have discussed how to assess if further evidence is
valuable for reducing uncertainty and shown that further research is valuable when the results
of that research could indicate a change in the reimbursement decision. This implies again (see
Impact of other sources of uncertainty) that the health effects from approving an intervention
may be accrued over a shorter time period, and will be reduced in value relative to the
irrecoverable costs. The impact of irrecoverable costs must be incorporated at the point at which
an intervention is approved, which may be after research reports. When the irrecoverable costs
are incurred after research reports, the remaining intervention lifetime is shorter and so health
effects from approval will accrue to a smaller population compared with immediate approval.
Table 61 shows the policy options previously shown in Table 53 but now with irrecoverable costs
included and when the research costs do not fall on the budget for health care.
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TABLE 61 Policy pay-offs with irrecoverable costs and further research

Policies [1(Pop,) [1(Pop,) [1(Pop,) Ey, M

1. Approve 3413 1138 1138 1000 4688
2.AWR(6,) 3413 1388 1388 1000 5188
3. AWR(,) 3413 1219 1219 1000 4850
4. AWR(9, then 0,) 3413 1388 1388 1000 5188
5. AWR(9, then ©,) 3413 1219 1388 1000 5019
6. AWR(6) 3413 1388 1388 1000 5188
7. 0IR(®) 3169 1356 1356 250 5631
8. 0IR(6, then 6,) 3169 1388 1388 500 5444
9.0IR(®, then 6,) 3169 1056 1356 250 5331
10. 0IR®,) 3169 1388 1388 500 5444
11. OIR@®,) 3169 1056 1056 0 5281
12. Reject 3169 1056 1056 0 5281

The expected irrecoverable cost, E,,, is determined by the probability that intervention 2 will

be approved. In policies 1-6 intervention 2 is approved immediately and so irrecoverable costs
are incurred with a probability equal to one. In policy 12 intervention 2 is never approved and so
irrecoverable costs are never incurred.

In policy 7, OIR(8), intervention 1 is provided to population 1 and the results of research on
both parameters are available in population 2. Investing in intervention 2 at this point would
allow the health effects to accrue to patients in populations 2 and 3. Comparing these benefits
previously reported in Table 49 with the irrecoverable costs indicates that for three of the four
possible combinations of 6, and 8, the decision-maker would continue to reject intervention 2. It
is only if6 =1 and 6, =2 that the benefits of intervention 2 in populations 2 and 3 outweigh the
irrecoverable costs and the decision-maker would approve. This outcome has a probability of 0.25
and so the expected irrecoverable costs of policy 7 are 250. However, note that the pay-ofts from
policy 7 differ from those from the same policy in Table 52 because the probability of approval
given perfect knowledge of 6 is reduced from 0.5 to 0.25 once additional irrecoverable costs

are introduced.

In policy 10, OIR(6), intervention 1 is provided to population 1 and the results of research to
inform 6, are available in population 2. From Table 50 it would appear optimal at this point to
change the decision to approve if 6 =1 but not if 6, =2; hence, the expected irrecoverable cost for
OIR(8,) is E,, =500.

In policy 11, OIR(6,), intervention 1 is provided to population 1 and the results of research

to inform 6, are available in population 2. The values reported in Table 51 illustrate that,
regardless of how 6, resolves, the decision-maker would not choose to approve intervention 2.
This is because the additional NHEs from approving intervention 2 if 6, =2 are reduced by the
irrecoverable costs (1425 + 1425 - 1000 = 1850) and are less than the NHEs from continuing to
provide intervention 1 (1100+ 1100=2200). The expected irrecoverable costs of policy 11 are
therefore equal to zero, the additional value generated by the research on6, is zero and the pay-
off is equivalent to that of policy 12 (Il = E,NHE(1,Y).Pop). The impact of the irrecoverable
costs is to reduce the value of research that previously would have appeared worthwhile.

In policy 8, OIR(6, then 0,), the results of research to inform 6, are available in population 2. At
this point it would appear optimal to change the decision to approve intervention 2 if6 =1 but
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not if® =2 (see Table 50). The results of research to inform 6, are available in population 3. If6 is
already known to be 1, the irrecoverable costs will have been sunk and the decision-maker must
simply choose whether to continue to reimburse intervention 2 or opt for intervention 1. In this
example, the decision-maker would choose to continue to reimburse intervention 2 if 61 =1no
matter how 6, resolves (see Table 49). However, if), is already known to be 2, the investment will
not have yet been made. In this example, if6 =2 the decision-maker would continue to reject
intervention 2 no matter how 0, resolves. The probability of incurring the irrecoverable costs is
therefore given by the probability that6 =1, that is, 0.5.

Summary

Each section of this technical appendix describes how the pay-off from alternative policy
decisions can be quantified in the presence of uncertainty that can be resolved through
research, uncertainty that will resolve over time and irrecoverable costs. The impact of various
combinations of these factors has been demonstrated in a simple framework. The general
notation should allow readers to combine relevant sections of the report in order to make the
assessments required to inform a range of reimbursement and research decisions.
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Appendix 7

Enhanced external counterpulsation for
chronic stable angina

Introduction

The NIHR HTA programme identified EECP as an important topic and commissioned a short
report to examine the clinical effectiveness and cost-effectiveness of EECP as an adjunct to
standard therapy in patients with chronic stable angina. Although the topic was not ultimately
considered by NICE it was commissioned in the same way and with the same resources as other
assessment reports that inform NICE guidance. The assessment followed the NICE reference
case' and is consistent with the type of analysis that would have been required in a MTA
appraisal. Like other MTA appraisal reports it was published in full as a HTA monograph.'*!

The case study of EECP is used to demonstrate how the key principles and assessments in
Chapter 5 could inform the development of guidance for the use of EECP. The following sections
include a background to EECP and a detailed examination of the sequence of assessments and
decisions that lead to a particular category and type of guidance for EECP.

Background to the case study

Angina is a condition most commonly caused by coronary artery atherosclerosis with flow-
limiting plaques that impede blood flow to the myocardium. Its prevalence in the UK is estimated
to be approximately 700,000 men aged between 55 and 75 years and 400,000 women, with about
52,000 new cases per year in men and 43,000 in women."” The use of EECP as a treatment for
angina is increasing steadily worldwide following reports of sustained benefit.'-'¢* EECP has
been utilised mainly in patients not suitable for coronary revascularisation or in those who have
chosen not to undergo revascularisation.'**'% It is estimated that about 10% of angina patients
could potentially benefit from EECP (Michael Chester, Liverpool Hope University, UK, 2008,
personal communication), which implies a prevalence of about 110,000 and an annual incidence
of 9500.

Enhanced external counterpulsation results in upfront costs of treatment but the potential
quality-of-life benefits through improved symptoms of angina and long-term relief from
symptoms may outweigh the costs compared with not giving the therapy. Although EECP was
not ultimately considered by NICE, the NTHR HTA programme identified EECP as an important
topic for research and commissioned it in the same way as other assessment reports.

Intervention and population
Enhanced external counterpulsation is a non-invasive procedure used to provide symptomatic
relief from stable angina.'**!¢2163 Long inflatable pressure cufts are wrapped around a patient’s
calves, lower thighs and upper thighs. The cuffs are inflated and deflated to increase blood flow
to the coronary arteries and decrease peripheral vascular resistance and cardiac workload.’®* It
typically involves 35 1-hour treatment sessions over a period of 4-7 weeks.'* EECP as an adjunct
to standard therapy is compared with standard therapy alone.
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The population of interest is patients with stable angina. Because stable angina is a chronic
condition, the prevalent population while any research is being conducted can benefit from the
information and switch treatment if they survive and remain eligible when the results of the
research reports.

Evidence on clinical effectiveness
A review of clinical effectiveness identified only one RCT [the Multicenter Study of Enhanced
External Counterpulsation (MUST-EECP) trial'**!¢'] comparing active with inactive EECP.
This trial showed evidence of improved HRQoL from EECP (see Table 62); however, follow-up
was limited to 12 months and so the degree to which improvement in HRQoL from EECP
is sustained beyond 12 months is uncertain. To characterise the uncertainty associated with
possible durations of treatment effect, formal elicitation of expert clinical judgement was
undertaken.'” Five experts with experience and knowledge of EECP in the UK independently
completed an Microsoft Excel-based exercise that elicited their judgements about the likelihood
of sustaining HRQoL benefits from EECP in subsequent years.* Because the uncertainty
associated with any judgement is critical, a frequency chart format to represent a distribution
was adopted.'®® The results from each expert were linearly pooled, with equal weight, providing
the probability of continuing to respond to treatment in subsequent years.'*” The uncertainty
associated with the pooled estimates was characterised by fitting beta distributions to pooled
responses. See Table 62 for a summary of the mean values and distributions for the probability of
sustaining HRQoL benefits in each year.

Decision model
A probabilistic decision-analytic model was developed to estimate the expected cost-effectiveness
of EECP and associated uncertainty. The decision model was structured to capture the HRQoL
benefits and costs associated with EECP up to a period of 12 months and to project these benefits
to a lifetime time horizon relevant to this patient population. Three health states were defined:
(1) a ‘responders’ state represented patients who continued to sustain HRQoL benefits from
EECP in each yearly cycle, (2) a ‘non-responders’ state represented patients who lost their initial
HRQoL benefits from treatment and reverted back to baseline HRQoL and (3) ‘dead’ represented
deaths from disease-specific cardiovascular causes'”® and other causes informed by UK life
tables.””! In the first year after treatment it was assumed that patients achieved the HRQoL
benefits reported in the 12-month follow-up of MUST-EECP.'*! After 12 months the proportion
of patients responding to treatment was based on the results of the elicitation exercise. After year
4, experts did not expect the probability of sustained response to be different in subsequent years.
Therefore, a beta distribution, equivalent to that fitted to pooled year 4 responses, was assigned to
year 5 onwards.

Some patients require additional ‘top-up’ sessions, which are generally given to help sustain

the long-term benefits of treatment. Based on the study by Michaels et al.,'”*> 18% of patients
required repeat EECP within 2 years of the initial course of treatment. This was converted to an
annual probability and decreased exponentially over time to reflect the diminishing attempts

to continue to retreat if the patient is not responding. Resource use and costs associated with
EECP were based on published unit costs. The cost for repeat procedures was based on an
average of 10 additional sessions. Table 62 summarises the key parameters for the decision
model, the distributions assigned and the sources of evidence used. The analysis is conducted
from the perspective of the NHS and Personal Social Services (PSS) and costs and outcomes are
discounted at a rate of 3.5% per annum.!

Key features and possible pathways
Enhanced external counterpulsation results in large upfront costs of treatment but the potential
quality-of-life benefits through improved symptoms and long-term relief from symptoms may
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outweigh the costs when compared with not giving the treatment. The technology has a range
of interesting characteristics that can be used to explore the implications of the principles and
assessments outlined in Chapter 5:

m  EECP is a medical device rather than a pharmaceutical.

m  There is an element of investment cost associated with the purchase of equipment.

m  EECP has large initial upfront costs of treatment (£4347 per patient), which are irrecoverable
once treated.

m  The impact of investment and irrecoverable costs on guidance can be fully explored.

m  Formal elicitation methods are combined with Bayesian decision theory to determine
a necessary and sufficient condition for conducting further research. This provides an
opportunity to examine the potential role of elicitation rather than extreme scenarios to
characterise uncertainty. It also provides an opportunity to examine the impact of the
research design, in terms of length of follow-up, on guidance.

®  Angina is a chronic condition so while research is conducted the prevalent population can
still benefit from the information and switch treatment based on the results of the research.

The possible pathways through the algorithm are reported in Figure 30 in Appendix 4. EECP

is expected to be cost-effective but with potentially significant irrecoverable costs. These
irrecoverable costs include both (1) long-lived costs associated with the purchase of equipment
and (2) large initial per-patient treatment costs, combined with a chronic condition in which a
decision not to treat a particular patient with EECP can be changed at a later date (decisions are
not irreversible) when research reports or other events occur. Consequently, these irrecoverable
costs might influence the category of guidance, for example OIR rather than approve.

The following sections examine each of the seven points on the checklist relating to the possible
sequence of assessments and decisions that lead to a particular category and type of guidance
for EECP.

Is it cost-effective and what are the risks?
Point 1: Is it expected to be cost-effective?

The sequence of assessments starts with cost-effectiveness and the expected impact on population
NHEs, that is, at the following point in the algorithm:

[ Assess cost-effectiveness and ]

population net health effects

No
Is it cost-effective?

Yes

Cost-effectiveness at the patient level

Table 63 summarises the expected cost-effectiveness of EECP per patient treated. EECP as an
adjunct to standard therapy is compared with standard therapy alone. Only the additional costs
and effects of EECP over and above those of standard therapy are considered in the analysis.
The expected incremental difference in lifetime costs and QALY of EECP relative to standard
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TABLE 62 Parameters of the decision model for EECP

Parameter Mean value  Prior distribution Source

Baseline patient characteristics
Age 64 years Fixed MUST-EECP trial™'

HRQoL improvement from baseline to 1 year after treatment
EECP relative to standard therapy 0.0717 Beta(oe=3.641, p=47.139%  MUST-EECP trial'®'

Probability of sustaining HRQoL benefits in subsequent years®

Year 2 0.757 Beta
Year 3 0.742 Beta
Year 4 0.719 Beta
Year 5 onwards 0.719 Betal

Expert elicitation™
Expert elicitation'’
Expert elicitation’®
Expert elicitation™

0.=8.028, p=2.577)
0.=5.589, f=1.943)
o=4.413, p=1.726)
o=4.413, p=1.726)

Probability of repeat EECP sessions
Per year (decreased exponentially) 0.099 Beta(o.=194, $=884) Michaels et al.'"?

Resource use and unit costs

Capital cost of EECP machine £90,000 Fixed K Miles, 2008, personal communication
Capital cost per annum (annuitised over £10,822 Fixed
10 years)

Equipment replacement costs

One set of cuffs per year £139 Fixed Vasogenics'”®
One set of hoses per year £76 Fixed Vasogenics'”®
Pleth per every 2 years £53 Fixed Vasogenics'”®

Consumables per patient

Ultrasound scan £75 Fixed Vasogenics'”®

Trousers £16 Fixed Vasogenics'”®

Gel £8 Fixed Vasogenics'”®

ECG electrodes £110 Fixed Vasogenics'”®

Staffing and overhead costs per patient £3214 Fixed W Sheedy, Castle Hill Hospital, East Yorkshire,
(based on 12 patients per year) UK, 2008, personal communication

Total cost of EECP per patient £4347 Fixed

a Itis assumed that EECP always improves HRQoL in the first year after treatment compared with standard therapy based on the results of MUST-
EECP, but this improvement may not be sustained in subsequent years.
b Refers to probability of sustaining benefits during year tassuming that benefits have been sustained to year —1.

TABLE 63 Expected cost-effectiveness of EECP per patient treated

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000

per QALY per QALY
ICER (£/  NHE, Incremental NHE, NHE, Incremental NHE,
Treatment Cost(£) QALYs  QALY) QALYs (£) QALYs (£) QALYs (£) QALY (£)
EECP 4744 7.6045 19,391 7.3673 (147,346) 0.0074 (149) 7.4464 (223,391) 0.0865 (2595)
Standard care  — 7.3598 - 7.3598 (147,197) - 7.3598 (220,795) -

Results are presented as the mean of the probabilistic sensitivity analysis. See Appendix 11, Model linearity and correlation between parameters
for assessments of linearity and correlation.
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therapy is £4744 and 0.2447 QALYs, respectively, giving an ICER of £19,391. Therefore, EECP

is just expected to be cost-effective at a threshold of £20,000 per QALY.® The NHE of EECP is
greater than that of standard care but the difference per patient treated (the incremental NHE)

is small. This difference of 0.0074 and 0.0865 QALY at thresholds of £20,000 and £30,000 per
QALY, respectively, represents the expected benefit per patient of immediate approval of EECP
based on current evidence or, alternatively, the opportunity cost per patient of withholding
approval of EECP if, for example, additional research is required that could not be conducted if it
is approved.

As discussed in Chapter 5, Is it cost-effective and what are the risks?, it is also important to
consider how NHEs accumulate over time or the investment profile per patient treated with
EECP. Figure 43 illustrates the cumulative incremental NHE over the patient time horizon of

50 years. The initial per-patient costs of EECP are high and are far in excess of the immediate
health benefits in the initial period of treatment. These negative NHEs are gradually offset

by positive NHEs in later periods. In this case, it is only after 14 years that the initial losses

are compensated by later gains, that is, EECP doesn't break-even until 14 years from initial
treatment. It is only beyond 30 years that the modest incremental NHEs reported in Table 63 are
eventually achieved.

Cost-effectiveness at the population level

Per patient NHEs can also be expressed for the population of current and future patients. This
requires information about prevalence and future incidence of the target population. It also
requires a judgement about the time horizon over which the technology will be used. An estimate
of the scale of the total population NHEs and how they cumulate over time is important for
subsequent assessments, including: (i) where the NHE for current patient populations must

be compared with the benefits to future patients; and (ii) where the treatment decision can

be changed such that the irrecoverable opportunity costs of initially negative NHE become
significant, i.e., might influence the category of guidance.

The British Heart Foundation estimates that the prevalence of angina in the UK is just under

1.1 million and the annual incidence is around 95,000."*° Assuming that 10% of angina patients
can potentially benefit from EECP (Michael Chester, personal communication, 2008) this
implies a prevalent population of 109,800 and an annual incidence of 9500. The total population

0.024

000 T T T T T T T T T 1
5 15 20 25 30 35 40 45 50

-0.02 1 Time, modelled (years)

-0.04
-0.06
-0.08
-0.101
-0.12
-0.14

-0.16 1

-0.18-

Cumulative incremental NHE per patient for EECP (QALYs)

FIGURE 43 Cumulative incremental NHEs of EECP over the patient time horizon.
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NHEs, assuming that the technology will be used to treat prevalent and incident patients over
10 years, are reported in Table 64. Expected cost-effectiveness is unchanged (ICER is the same
as in Table 63) but the incremental NHEs, although small per patient, are more significant at
a population level at 1405 and 16,334 QALY at thresholds of £20,000 and £30,000 per QALY,
respectively.

The investment profile for EECP when used to treat patients over 10 years is illustrated in

Figure 44. At a population level it is not until 17 years (rather than 14 years at a patient level) that
initial losses are compensated for by later gains and EECP breaks even. In other words, EECP
appears a more risky investment when evaluated at a population rather than at an individual
level. This is because, although each patient treated with EECP is expected to offer the same
profile of NHEs shown in Figure 43, the negative NHEs associated with patients incident and
treated in year 10 will not be offset by later gains until year 24. The population-level investment
profile would exhibit greater risk (break-even later) if the prevalent population was smaller
relative to the incident population and/or the technology time horizon was longer.

The time horizon of 10 years was chosen as a proxy for a complex and uncertain process of
future changes in new technologies, prices and evidence.”® The impact of different technology
time horizons on NHE is illustrated in Table 65. The break-even point extends to 23 years when
the technology time horizon is increased to 20 years. Therefore, the investment profile for EECP
appears more risky the longer the time horizon of the technology.

TABLE 64 Expected cost-effectiveness of EECP for the population

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000

per QALY per QALY
Costs ICER (£/ Incremental NHE, Incremental NHE,
Treatment (EM) QALYs QALY) NHE, QALYs (EM) QALYs (M) NHE, QALYs (EM) QALYs (£M)
EECP 896 1,435,787 19,391 1,391,001 (27,820) 1405 (28) 1,405,930 (42,177) 16,334 (490)
Standard - 1,389,096 - 1,389,596 (27,792) 1,389,596 (41,688)
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FIGURE 44 Cumulative incremental NHEs of EECP for the population.
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TABLE 65 Incremental NHEs of EECP over a range of technology time horizons

Technology time horizon (years) Incremental NHE, QALYs (£M) Break-even point (years)
5 1137 (22.7) 15
10 1405 (28.1) 17
15 1632 (32.6) 20
20 1822 (36.4) 23

Point 2: Are there significant irrecoverable costs?

The second point on the checklist requires (1) an assessment of whether or not there are
irrecoverable costs and (2) a judgement of their potential significance, that is, at the following
point in the algorithm:

( Assess irrecoverable costs )

Are there
significant irrecoverable
costs?

No

Identifying the irrecoverable costs

Irrecoverable costs are those that, once committed, cannot be recovered if guidance is changed at
a later date. Irrecoverable costs are most commonly thought of as ‘upfront’ or capital costs of new
facilities or equipment with long life expectancy. In the case of EECP, treatment requires capital
investment in the EECP machines. The expected per-patient and population costs reported in
Tables 63 and 64 allocated this capital cost by annuitising the cost over the 10-year lifetime of the
equipment at a rate of 3.5% per annum and allocating it to the number of patients treated each
year (see Table 61). These irrecoverable costs are reported separately in Table 66 and represent
19% of the total; however, this will have no influence on expected cost-effectiveness as long

as guidance does not change during the lifetime of the equipment. Figure 45 shows the effect

on population NHEs when these capital costs are incurred in full in the first year rather than
allocated per patient over the lifetime of the equipment. The cumulative incremental NHE for
EECP is more negative in the first 10 years but the investment profile for EECP is no more risky
when the capital cost is incurred up front. The investment profile would be expected to exhibit
greater risk if the lifetime of the equipment was extended beyond 10 years.

Even in the absence of capital costs of EECP, NHEs accumulate over time. Therefore, approval or
AWR commits opportunity costs of negative NHEs that are irrecoverable.

Are they likely to be significant?

The significance of the irrecoverable capital costs can be judged based on the proportion of the
total population cost that they represent as well as their scale relative to the additional population
NHEs offered. The irrecoverable capital cost of EECP represents 19% of the total cost (see

Table 66) and could be considered significant. Furthermore, even in the absence of the capital
costs EECP exhibits a profile of NHEs in which approval or AWR commits opportunity costs of
negative NHEs that are irrecoverable. Irrecoverable costs include situations in which initial losses
(negative NHEs) of a technology are offset by later gains (positive NHEs). If early approval is
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TABLE 66 Capital costs associated with EECP

Cost-effectiveness threshold £20,000 per QALY

Non-capital ICER (&/
Treatment Capital cost (£) cost (£) QALYs QALY) NHE, QALYs (£M) Incremental NHE, QALYs (£M)
EECP 170,304,591 725,408,798 1,435,787 19,391 1,391,001 (27,820) 1405 (28)
Standard care  — - 1,389,596 - 1,389,596 (27,792) -

20 25 30 35 40 45 50
Time (years)

— Capital cost spread
over 10 years

--- Capital cost incurred
in year 1

level for EECP (000; QALYSs)

[ Technology time horizon

Cumulative incremental NHE at population

-25-

FIGURE 45 Cumulative incremental NHEs with capital costs incurred in year 1.

revised, for example because research reveals that the technology is not as effective as expected,
then initial losses will have been incurred but they will not be compensated for by later gains.
For example, if research reports before the break-even point of 17 years (i.e. before losses are
recouped) there is a chance that the results will indicate that EECP is not in fact cost-effective,
approval will be withdrawn and patients will be switched from EECP to standard care; initial
losses will have been incurred but they will not be compensated for by the later gains that were
originally expected. The impact of this investment profile of cumulative incremental NHEs

will be greater when a decision to approve is more likely to change and in the more immediate
future, that is, when it is more uncertain and when research will be conducted and report in the
near future.

Enhanced external counterpulsation is for a chronic condition in which the decision to treat a
particular patient can be changed at some later date (decisions are not irreversible). Therefore, the
type of investment profile of NHEs at a patient and population level is significant because, instead
of committing irrecoverable costs by deciding to use the technology expected to be cost-effective
now, the decision and commitment of costs can be made later, after research reports, other events
occur and/or guidance changes.

Figure 45 illustrates the impact of accounting for the actual timing of expenditure on EECP
machines rather than treating it as if it was paid when each patient was treated, that is,
expenditure is treated like a consumable cost by spreading the capital cost over 10 years.c If
approval of EECP might be withdrawn before 10 years, the potential losses in NHEs will be
greater than initially indicated in Figure 45 because the equipment costs allocated to treating
future patients cannot be recovered. The earlier such a change might occur the greater the
additional loss. The impact of these possibilities should be considered at point 7 of the checklist
before guidance to approve or AWR commits both types of irrecoverable costs.
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Types and categories of guidance resulting from points 1 and 2
Points 1 and 2 of the checklist do not lead directly to a category or type of guidance. The sequence
of assessments and decisions that ultimately lead to guidance starts with cost-effectiveness,
expected impact on population NHEs and significance of irrecoverable costs. In the case of EECP,
the technology is expected to be cost-effective and has significant irrecoverable costs. Table 67
summarises the categories and types of guidance that could ultimately result from the sequence
of assessments up to point 2 (see Table 32 in Appendix 4).

Is further research required?

Point 3: Does more research seem worthwhile?
The third point on the checklist requires an assessment of the potential benefits of conducting
further research, that is, at the following point in the algorithm:

( Assess need for evidence )

Does
more research seem
worthwhile?

No

This requires judgements about (1) how uncertain a decision to approve or reject EECP might be
based on the estimates of expected cost-effectiveness and (2) whether or not the scale of the likely
consequences of this uncertainty might justify further research. Some assessment of the potential
consequences of uncertainty is important because it indicates the population NHEs that could

be gained if the uncertainty surrounding this decision could be resolved immediately, that is, it
represents an expected upper bound on the benefits of more research.?

TABLE 67 Types and categories of guidance that could ultimately result from assessments 1 and 2

Assessment 1 2 3 4 5 6 7 Guidance
13 Yes Yes Yes Yes Yes Yes Yes AWR?

14 Yes Yes Yes Yes Yes Yes No OIR®

15 Yes Yes Yes Yes Yes No Yes Approve®
16 Yes Yes Yes Yes Yes No No Reject®
17 Yes Yes Yes Yes No Yes Yes AWR*

18 Yes Yes Yes Yes No Yes No OIR*

19 Yes Yes Yes Yes No No - Approve®
20 Yes Yes Yes No Yes Yes Yes Approve’
21 Yes Yes Yes No Yes Yes No OIR®

22 Yes Yes Yes No Yes No Yes Approve®
23 Yes Yes Yes No Yes No No Reject®
24 Yes Yes Yes No No Yes Yes Approve®
25 Yes Yes Yes No No Yes No OIRS

26 Yes Yes Yes No No No - Approve™®
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Assessing the consequences of uncertainty

Enhanced external counterpulsation is expected to be cost-effective compared with standard
care (see Tables 63 and 64) but the estimates of cost and QALY are uncertain so there is a chance
that a decision to approve EECP based on existing evidence will be incorrect, that is, standard
care might offer greater NHEs. Some assessment of the likely consequences of approving EECP
when standard care might be better could be based on the difference in expected NHEs, that

is, the expected incremental population NHEs reported in Table 63. The simplest approach
would be to weight the average NHEs for EECP and standard care (reported in Table 63) by a
judgement of the probability of an incorrect decision. For example, if the decision was judged to
be 100% certain then there are no consequences and so there would be nothing to be gained by
more research; however, as the probability that the decision is correct becomes less certain, the
expected consequences (and hence potential value of more research) increase. Table 68 shows the
expected consequences of uncertainty based on a weighting of average NHEs.

A judgement of how uncertain a decision might be can be informed by the PSA already used

to estimate costs and QALYs. The probability that EECP is cost-effective is 0.428 at £20,000

per QALY and 0.700 at £30,000 per QALY (Table 69). This translates into approximately 800
QALYs (Figure 46) based on the expected or average difference in NHEs at a threshold of £20,000
per QALY.

However, the difference in NHEs when EECP is not the correct decision is not necessarily the
average (see Appendix 11, Why the consequences of uncertainty differ from mean incremental
effects). In fact, it is very unlikely to be the average and such estimates may substantially under- or
overestimate the expected consequences of uncertainty. At £20,000 per QALY, the estimate of
800 QALYs based on mean incremental population NHE:s is a substantial underestimate of the
expected consequences of 9287 QALYs (see Table 69 and Figure 46) based on the distribution

of uncertainty from the PSA. Similarly, the estimate of 4900 QALYs at a threshold of £30,000

per QALY (Figure 47) is an overestimate of the expected consequences of 2774 QALY (see

Table 69) based on the distribution of uncertainty from the PSA. Therefore, it is only appropriate
to conduct an analysis of the expected consequences of uncertainty based on the PSA rather than
use a simple estimate of average NHEs, which can be misleading.

The same PSA can be used to record the frequency of errors in the decision to approve EECP.
Figure 48 shows the distribution of consequences of uncertainty for EECP. Most commonly there
are no consequences because EECP is the correct decision 42.8% of the time. When EECP offers

TABLE 68 Expected consequences of uncertainty based on a weighting of average NHEs

Cost-effectiveness threshold £20,000 per QALY  Cost-effectiveness threshold £30,000 per QALY

Probability decision is correct  Expected consequences, QALYs (£M) Expected consequences, QALYs (£M)
1.00 0(0) 0(0)

0.99 14(0.3) 163 (4.9)
0.95 70 (1.4) 817 (25)
0.90 141 (2.8) 1633 (49)
0.75 351 (7.0) 4083 (123)
0.50 703 (14) 8167 (245)
0.25 1054 (21) 12,250 (368)
0.10 1265 (25) 14,701 (441)
0.05 1335 (27) 15,517 (466)
0.01 1391 (28) 16,171 (485)
0.00 1405 (28) 16,334 (490)
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TABLE 69 Expected consequences of uncertainty for EECP

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY

Incremental Expected Expected
ICER (£/  NHE, QALYs Probability consequences,  Incremental NHE,  Probability consequences,
Treatment  QALY) (EM) cost-effective QALYs (EM) QALYs (EM) cost-effective QALYs (£M)
EECP 19,391 1405 (28.1) 0.428 9287 (185.7) 1,405,930 (490) 0.700 2774 (83.2)
Standard - 0.572 - 0.300

care

Expected consequences (£EM)
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FIGURE 46 Probability that EECP is cost-effective and the consequences of uncertainty at £20,000.
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FIGURE 47 Probability that EECP is cost-effective and the consequences of uncertainty at £30,000.
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lower NHEs than standard care the consequences of error may be relatively small, for example
9% are <5000 QALYs. However, they may be very large, although this is less likely, for example
there is a small chance (5.7%) that they are >30,000 QALYs. The average over this distribution
provides the expected consequences of uncertainty (9287 QALYs).

These expected consequences can be interpreted as an estimate of the population NHEs over

the technology time horizon that could be gained if the uncertainty surrounding this decision
could be resolved immediately, that is, it indicates an expected upper bound on the benefits

of more research. The consequences can also be expressed as the equivalent NHS resources
required to generate the same population NHEs (£185.7M in Table 69). In the case of EECP

the consequences fall with the cost-effectiveness threshold because a decision to approve EECP
will be less uncertain (see Table 69). A judgement at this point that more research might be
worthwhile seems reasonable as the upper bound on its potential benefits exceeds the likely costs.

The time horizon over which evidence generated by research about a technology might be
valuable may be longer (or shorter) than the period over which the technology is used. In this
case, the technology time horizon is assumed to be equal to the time horizon for the benefits of
research, that is, 10 years. Table 70 shows the expected consequences of uncertainty for different
technology time horizons. The consequences increase with the technology time horizon and will
also increase with the size of the patient population.

Analysis of subgroups
There are no relevant subgroups in the EECP case study.

Alternative scenarios

The uncertainty described above reflects uncertainty within the set of assumptions used to
estimate expected costs and QALYs. However, there are often alternative views about the
assumptions, which are usually presented as separate scenarios. When more than one scenario
might be credible and carry some ‘weight] there will be uncertainty between as well as within
scenarios. The single RCT of EECP showed evidence of improvements in quality of life at

12 months; however, the degree to which these are sustained in the long run is uncertain.
Rather than make alternative assumptions and present extreme scenarios, formal elicitation of
the judgements of clinical experts about the likelihood of QALY gains in subsequent years was
undertaken. The uncertainty in these elicited values is included in the estimates of the expected
consequences of uncertainty reported above. However, the analysis could be presented as
alternative scenarios:

m  scenario A - HRQoL benefits are sustained for only 1 year (first 12 months)

m  scenario B - HRQoL benefits are sustained for a patient’s lifetime
m  scenario C - HRQoL benefits are sustained for 4 years.

TABLE 70 Expected consequences of uncertainty for different technology time horizons

Technology time horizon, Expected consequences, QALYs
years (EM)

5 7511 (150)

10 9287 (186)

15 10,783 (216)

20 12,042 (241)
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TABLE 71 E

7

Scenarios A and B are extreme scenarios whereas scenario C lies somewhere between the two
extremes. Table 71 presents the cost-effectiveness of EECP for the alternative scenarios. EECP

is not expected to be cost-effective under scenario A whereas it is highly cost-effective under
scenario B. For scenario C, EECP would not be regarded as cost-effective at a threshold of
£20,000 per QALY but could be approved for use, based on current evidence, at a threshold of
£30,000 per QALY. However, as above, some assessment of the likely consequences of approving
EECP or standard care when the alternative treatment might be better should be informed by
the PSA. Table 72 shows the expected consequences if the decision to approve the technology
expected to be cost-effective turns out to be wrong. Under scenarios A and B the expected
consequences are small (1.4 and 394 QALYs at a threshold of £20,000 per QALY, respectively)
because there is less uncertainty about the decision (99.95% and 96.5% chance of no error,
respectively); however, scenario C is more uncertain with expected consequences of 3228 QALYs.

The expected consequences of uncertainty within each scenario are sufficient to indicate the
potential benefits of research when only one scenario is regarded as credible. However, when
more than one scenario might be credible and carry some ‘weight, there will be uncertainty
between as well as within scenarios. The ‘weighting’ of scenarios can be made explicit by
assigning probabilities to represent how credible each is believed to be. The weighted average
of costs and QALY across scenarios can easily be calculated. It is tempting to take a simple
weighted average of the expected consequences of uncertainty across the scenarios. However, a
simple weighted average may under- or overestimate the combined consequences of uncertainty
within and between scenarios. The correct estimate requires the probabilities (weights) to be
applied directly to the simulated output from PSA rather than to the mean values. Table 73
shows that the simple weighted average of expected consequences (linear combination of mean
estimates) substantially underestimates the correct estimate based on weighting the output

of PSA.

xpected cost-effectiveness of EECP with alternative scenarios

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000

per QALY per QALY
ICER Incremental NHE, Incremental NHE,
Treatment Cost (£) QALYs (£/QALY)  NHE, QALYs (EM)  QALYs (£M) NHE, QALYs (EM)  QALYs (£M)
Scenario A
EECP 861,758,393 1,401,330 65,292 1,358,242 —29,889 (-598) 1,372,605 —15,527 (—466)
(27,165) 41,178)
Standard care  — 1,388,132 - 1,388,132 - 1,388,132 -
(27,763) (41,644)
Scenario B
EECP 966,199,093 1,555,685 5767 1,507,375 119,243 (2385) 1,523,478 135,347 (4060)
(30,147) (45,704)
Standard care - 1,388,132 - 1,388,132 - 1,388,132 -
(27,763) (41,644)
Scenario C
EECP 886,474,497 1,423,008 26,531 1,378,685 -10,911 (-218) 1,393,459 3864 (116)
(27,574) (41,804)
Standard care - 1,389,596 - 1,389,596 - 1,389,596 -

(27,792) (41,688)
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The results of the elicitation can be used to provide an estimate of the ‘weighting’ of scenarios.
The elicitation implied probabilities of 0.243, 0.353 and 0.404 associated with scenarios A,

B and C, respectively. A simple weighted average of the expected consequences within each
scenario using these probabilities (1442 QALYs) significantly underestimates both the estimate
of expected consequences based on all of the information from elicitation (9287 QALYs) and
the estimate based on weighting the simulated output rather than the mean estimates (13,081
QALYs). This illustrates (1) that a simple weighted average of expected consequences may be
misleading and (2) that elicitation may provide a richer characterisation of uncertainty as well
as the probabilities associated with alternative assumptions (see Appendix 11, Why averaging
scenarios may be misleading).

TABLE 72 Expected consequences of uncertainty with alternative scenarios

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY
Expected Expected
ICER Incremental Probability consequences, Incremental Probability consequences,
Treatment  (£/QALY)  NHE, QALYs (£) cost-effective QALYs (£M) NHE, QALYs (£)  cost-effective QALYs (£M)
Scenario A
EECP 65,292 —-29,889 (-598)  0.0005 1.4(0.028) —15,5627 (-466)  0.0278 117 (3.5)
Standard - - 0.9995 - 0.9722
care
Scenario B
EECP 5767 119,243 (2385)  0.9649 394 (7.8) 135,347 (4060)  0.9905 67 (2.0)
Standard - - 0.0351 - 0.0095
care
Scenario C
EECP 26,531 -10,911 (-218)  0.2256 3228 (64) 3864 (116) 0.5261 4715 (141)
Standard - - 0.7744 - 0.4739
care

TABLE 73 Expected consequences of uncertainty with alternative scenarios?

Expected consequences, QALYs (£M)

Probability of scenario C  Probability of scenario A Probability of scenario B Weighted PSA

1.00 0.00 0.00 3228 (64) 3228 (64)
0.90 0.05 0.05 2925 (59) 8966 (179)
0.80 0.10 0.10 2622 (52) 14,369 (287)
0.70 0.15 0.15 2319 (46) 14,426 (289)
0.60 0.20 0.20 2016 (40) 14,480 (290)
0.50 0.25 0.25 1713 (34) 14,580 (292)
0.40 0.30 0.30 1410 (28) 14,700 (294)
0.30 0.35 0.35 1107 (22) 14,849 (297)
0.20 0.40 0.40 804 (16) 14,972 (299)
0.10 0.45 0.45 501 (10) 15,039 (301)
0.00 0.50 0.50 198 (4) 15,106 (302)

a Probability of scenario C with error probability equally distributed between scenarios A and B.
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Point 4: Is research possible with approval?
The fourth point on the checklist requires an assessment of what type of evidence is needed and
a judgement of whether or not the research required to generate it can be conducted while the
technology is approved, i.e., at the following point in the algorithm:

( What type of evidence is needed? )

Is the
research possible with
approval?

No

This requires judgements about (1) how important particular types of parameters are to
estimates of cost and QALYs, (2) what values these parameters would have to take to change
a decision based on expected cost-effectiveness, (3) how likely it is 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 NHEs if the uncertainty in the values of these parameters could be

immediately resolved.

Assessing the importance of parameters

The expected cost-effectiveness of EECP is based on the relationship between the input
parameters (see Table 62) and outputs of cost and QALYs. A simple summary of the direction
and strength of these relationships can be provided by the elasticity, that is, the proportionate
change in NHEs due to a 1% change in the value of the parameter (Table 74). Parameters with
high elasticities (especially with respect to differences in NHE) might be regarded as more

‘important’

Although these measures of importance are more instructive than a series of arbitrary one-way
sensitivity analyses, they do not directly help the assessment of what values parameters must
take to change decisions and how likely such values might be. A simple summary of the values
that particular parameters must take to make each of the alternatives cost-effective can also be
provided (Table 75); however, although instructive, such ‘threshold values’ do not indicate how

likely it is that the threshold will be crossed.

TABLE 74 Elasticity for small changes (1%) in mean parameter values

Elasticity for NHEs, QALYs  Elasticity for
incremental NHEs,

Parameter EECP Standard care  QALYs

HRQoL increment in first year from EECP -0.6419 —0.8899 0.2480
Probability of sustaining HRQoL benefits in year 2 (elicited) 0.1682 0.0000 0.1682
Probability of sustaining HRQoL benefits in year 3 (elicited) 0.1218 0.0000 0.1218
Probability of sustaining HRQoL benefits in year 4 (elicited) 0.0881 0.0000 0.0881
Probability of sustaining HRQoL benefits in subsequent years (group of elicited parameters) 0.3726 0.0000 0.3726
2-year probability of requiring repeat EECP sessions -0.0165  0.0000 —0.0165
Cost of EECP -0.2372  0.0000 —-0.2372
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Assessment of uncertainty

The judgement about how likely it is that parameters might take values that will change

the technology expected to be cost-effective can be informed by the results of the PSA. The
distributions assigned to the parameters in PSA describe how uncertain the parameter estimates
are, such that they ought to reflect the amount and quality of existing evidence. The probability
that each parameter might take values that would lead to each of the alternatives being cost-
effective is reported in Table 76 for the uncertain parameters.

What type of evidence is needed?

An assessment of the likely consequences of the uncertainty described above is required. This
assessment can directly inform the judgement of what evidence is needed and whether or

not the type of research required to generate it will be possible with approval. The expected
consequences of uncertainty associated with each parameter are reported in Table 77. This
decomposes the overall expected consequences into the contribution that each parameter (or
group of parameters) makes. Note that the overall expected consequences of uncertainty will
not, in general, equal the sum of the expected consequences for each of the parameters (or
groups of parameters) separately. This is because the overall consequences take account of the
joint effect of uncertainty in all parameters simultaneously. Even if parameters are independent
they will be related to differences in NHEs in different ways (see Table 74); sometimes the effect
of uncertainty in one parameter may, to some extent, substitute for or complement the effect of
uncertainty in the others.

The most significant consequences of uncertainty associated with parameters relate to the relative
treatment effect of EECP in the first year in terms of its improvement of HRQoL. Interestingly,
although the probability of sustaining the QALY benefits of EECP in the long run is very
uncertain, the greater part of potential value is in more precise estimates of QALY gains in the
first 12 months (2709 QALYs or £54M and 8511 QALY or £170M, respectively).

Because more precise estimates of the relative treatment effect are required research needed
might not be possible for the reasons discussed in Chapter 5. If it is possible, more precise

TABLE 75 Range of parameter values to make each alternative cost-effective

Parameter Mean value EECP Standard care
HRQoL increment in first year from EECP 0.0717 0.0686 to max. 0-0.0685
Probability of sustaining HRQoL benefits in year 2 (elicited)  0.7570 0.7123-1 0-0.7122
Probability of sustaining HRQoL benefits in year 3 (elicited)  0.7420 0.6782-1 0-0.6781
Probability of sustaining HRQoL benefits in year 4 (elicited)  0.7188 0.6419-1 0-0.6418
2-year probability of requiring repeat EECP sessions 0.1780 0-0.2680 0.2681-1

Cost of EECP £4347 £0-4486 £4487 to max.
Max., maximum.

TABLE 76 Probabilities associated with parameter values

Parameters EECP Standard care
HRQoL increment in first year from EECP 0.454 0.546
Probability of sustaining HRQoL benefits in year 2 (elicited) 0.627 0.373
Probability of sustaining HRQoL benefits in year 3 (elicited) 0.653 0.347
Probability of sustaining HRQoL benefits in year 4 (elicited) 0.661 0.339
2-year probability of requiring repeat EECP sessions 1.000 0.000
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estimates of treatment effect either in the short or in the longer term will require an experimental
design if selection bias is to be avoided. The results in Table 77 suggest that a further RCT may
well be worthwhile; however, whether such a trial should have a follow-up of 12 months or a
longer follow-up duration depends on if the additional benefits of a longer follow-up to more
precisely estimate duration of effect exceed the additional opportunity costs of a more costly and
lengthy trial (see later sections).

Implications of between-scenario uncertainty

Earlier the contribution that alternative scenarios might make to the overall expected
consequences of uncertainty and therefore the potential gains from further evidence was
considered. In situations in which more than one scenario might be regarded as credible

there will be uncertainty between as well as within each of the scenarios. It was demonstrated
in Alternative scenarios that an assessment of the combined consequences of both sources of
uncertainty requires ‘weights’ (probabilities) to be assigned to represent their credibility, which
can then be applied directly to the simulated output from PSA (see Appendix 11, Why averaging
scenarios may be misleading). The same analysis can also be used to identify the expected
consequences of uncertainty associated with the alternative scenarios themselves, that is, what
might be gained if evidence could immediately distinguish which scenario was ‘true’ This can
help to inform the assessment of what type of evidence might be needed and whether or not
the research required to generate it is likely to be possible once a technology is approved for
widespread NHS use.

In Alternative scenarios three scenarios were considered: A — HRQoL benefits are sustained

for only 12 months; B - HRQoL benefits are sustained for a patients lifetime; and C - HRQoL
benefits are sustained for 4 years. Table 78 shows the expected consequences of uncertainty
within scenarios, between scenarios and combining consequences within and between scenarios.
The expected consequences of the uncertainty between scenarios are much greater than the
expected consequences within scenarios, suggesting that further evidence about EECP that
could help to distinguish between the scenarios is more valuable than the parameters associated
with each.

Formal elicitation of the judgement of clinical experts about whether observed QALY gains

at 12 months are likely to be sustained in subsequent years was undertaken. Because the
uncertainty in these elicited values was incorporated into the analysis in the same way as other
parameters, the use of alternative scenarios was not necessary. The results of elicitation implied
probabilities of 0.243, 0.353 and 0.404 associated with scenarios A, B and C, respectively. Based
on these ‘weights’ for each scenario the overall expected consequences of uncertainty (combining
the consequences within and between scenarios) would be 14,146 QALYs. The expected
consequences of uncertainty between the scenarios (13,202 QALY's) are much greater than what

TABLE 77 Consequences of uncertainty associated with parameter values

Parameters Expected consequences, QALYs (£M)
HRQoL increment in first year from EECP 8511 (170)

Probability of sustaining HRQoL benefits in year 2 (elicited) 1644 (33)

Probability of sustaining HRQoL benefits in year 3 (elicited) 1398 (28)

Probability of sustaining HRQoL benefits in year 4 (elicited) 1058 (21)

Probability of sustaining HRQoL benefits in subsequent years (group of elicited parameters) 2709 (54)

2-year probability of requiring repeat EECP sessions 0()

Overall expected consequences of uncertainty 9440 (189)
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might be potentially gained from resolving the uncertainty within each scenario (1765 QALYs).
Therefore, most of what might be gained from further evidence about EECP (in the absence of
formal elicitation) would be evidence that could help distinguish between the scenarios rather
than the parameters associated with each.

Types and categories of guidance resulting from points 3 and 4
Points 3 and 4 of the checklist are critical because if research is not judged to be worthwhile no
further assessments are required. In the case of EECP, more research appears to be worthwhile;
the expected consequences of uncertainty are high. Whether or not the research required to
generate the evidence needed can be conducted while the technology is approved for widespread
use will determine whether AWR or OIR is a possibility. Table 79 summarises the categories and
types of guidance that could ultimately result from the sequence of assessments up to point 4.

TABLE 78 Expected consequences of uncertainty within and between scenarios?

Expected consequences, QALYs (£M)

Probability of Probability of Probability of Within and between
scenario C scenario A scenario B Within scenarios Between scenarios  scenarios
1.00 0.00 0.00 3228 (65) 0(0) 3228 (65)
0.90 0.05 0.05 4281 (86) 5962 (119) 8887 (178)
0.80 0.10 0.10 6380 (128) 11,718 (234) 14,340 (287)
0.70 0.15 0.15 4406 (88) 12,121 (242) 14,440 (289)
0.60 0.20 0.20 3273 (65) 12,524 (250) 14,540 (291)
0.50 0.25 0.25 2637 (53) 12,928 (259) 14,641 (293)
0.40 0.30 0.30 2279 (46) 13,331 (267) 14,741 (295)
0.30 0.35 0.35 2078 (42) 13,735 (275) 14,841 (297)
0.20 0.40 0.40 1972 (39) 14,138 (283) 14,942 (299)
0.10 0.45 0.45 1940 (39) 14,541 (291) 15,042 (301)
0.00 0.50 0.50 1947 (39) 14,945 (299) 15,142 (303)

a Probability of scenario C with error probability equally distributed between scenarios A and B.

TABLE 79 Types and categories of guidance that could ultimately result from assessments 3 and 4

Assessment 1 2 3 4 5 6 7 Guidance
13 Yes Yes Yes Yes Yes Yes Yes AWR®

14 Yes Yes Yes Yes Yes Yes No OIR®

15 Yes Yes Yes Yes Yes No Yes Approve®
16 Yes Yes Yes Yes Yes No No RejectS
17 Yes Yes Yes Yes No Yes Yes AWR*

18 Yes Yes Yes Yes No Yes No OIR*

19 Yes Yes Yes Yes No No - Approve®
20 Yes Yes Yes No Yes Yes Yes Approve’
21 Yes Yes Yes No Yes Yes No OIR®

22 Yes Yes Yes No Yes No Yes Approve®
23 Yes Yes Yes No Yes No No Rejectt
24 Yes Yes Yes No No Yes Yes Approve®
25 Yes Yes Yes No No Yes No OIR®

26 Yes Yes Yes No No No - Approve™®
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Do the benefits of research exceed the costs?

Point 5: Will other sources of uncertainty resolve over time?
The fifth point on the checklist requires an assessment of whether or not changes are likely to
occur in the future that will influence the cost-effectiveness of the alternative technologies and
the potential benefits of research, that is, at the following point in the algorithm:

(Assess other sources of uncertainty)

Will this
uncertainty be resolved
over time?

No

This assessment requires information about (1) changes in the prices of the technology and its
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 to inform this assessment (see Appendix 4
for full details of the sources and searches conducted).

Changes in the prices of the technology and its comparators

Changes in prices influence not only expected cost-effectiveness but also uncertainty and the
potential benefits of research to future patients, for example if the price of a technology expected
to be cost-effective is likely to fall significantly just before research reports the potential benefits
will not be realised because approval of the technology will be less uncertain and there may be
much less or little to gain from the results of the research. This assessment requires information
about when major changes in prices are likely and some evidence about the likely extent of any
change. It is very difficult to locate information on changes in price relevant to devices such as
EECP as a device may have only a CE mark, which, unlike a patent, does not offer protection and
can be renewed every 10 years. Any patent is likely to relate to some aspect of the device rather
than the device itself. EECP was filed in 1995, renewed in 2005 and is up for renewal in 2015. The
manufacturer (Vasogenics, Sapphire House, Albion Road, Bradford, West Yorkshire, UK) is still
heavily marketing EECP so it is fair to assume that it will renew in 2015. There are no current
comparators to EECP (apart from standard care). For these reasons a change in price for EECP is
not anticipated and is not explored further.

Entry of new technologies

The entry of a new technology may make the existing technology that is expected to be cost-
effective obsolete (no longer the most cost-effective alternative). Even when it does not, it will
tend to change the relative cost-effectiveness of the alternatives, influencing how uncertain a
decision to approve the original technology will be for future patients and the potential gains
from research. A number of potential sources of information were examined to identify new
technologies relevant to stable angina that were likely to become available. In particular, products
considered by the MTAC as part of the Evaluation Pathway Programme for Medical Technologies
at NICE were searched using the term ‘angina’'”* No relevant records were found. Although there
is no evidence of new technologies emerging in EECP, different scenarios are explored in Point 6:
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Are the benefits of research greater than the costs? as the development and launch of new devices
are more difficult to identify in advance.

Other research reporting of the technology and its comparators

Research that is already under way, commissioned or likely to be undertaken, whether in the UK
or elsewhere, is relevant. A number of potential sources of information were examined to identify
clinical research under way at the time of the assessment for EECP including national and
international trial registries (ClinicalTrials.gov, WHO ICTRP and Current Controlled Trials) as
well as other databases that report NHS-funded research and not just clinical trials (e.g. NRR and
UKCRN). Despite an assiduous search no records relevant to EECP were identified.

Point 6: Are the benefits of research greater than the costs?
The sixth point on the checklist requires a judgement of whether the potential benefits of
conducting further research (initially considered at point 3) are likely to exceed the costs, that is,
at the following point in the algorithm:

Will research be conducted?
When will it be available?
How much will be resolved?

Reassess the benefits and costs
of further research

Are the
benefits of research greater
than the costs?

No

This requires an assessment of (1) whether or not the type of research that is required is likely
to be conducted, (2) if conducted, when the results are likely to be available, (3) how much
uncertainty is likely to be resolved and (4) the likely impact of any other sources of uncertainty
on the longer-term benefits of research.

Will the research be conducted?

Even if research is recommended in OIR or AWR, it might not be undertaken by manufacturers
or commissioned by research funders and there is no guarantee that research will be able to
recruit or complete. The expected consequences of uncertainty for EECP reported in Point 3:
Does more research seem worthwhile? are illustrated in Figure 49 for a range of probabilities

that research will be successfully undertaken. The potential gains from research depend on a
judgement of whether the research recommended as part of OIR or AWR will be successfully
completed. The cost of research (in this case considered to be either £1.5M or £10M) can

be compared directly with the potential benefits by either expressing the potential gains in
population NHEs as the equivalent NHS resources (i.e. the resources that would be required to
generate the same NHEs) or expressing the cost of research in terms of the QALY's that could be
gained elsewhere in the NHS by using the same resources to provide access to health care.

When will it be available?
Research, even if commissioned and successfully completed, will take time to complete and
report. Therefore, any assessment of the potential benefits should account for the fact that patient
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FIGURE 49 Expected potential benefits of research.

populations will not benefit from the results of research until they are available. If treatment
decisions are irreversible (e.g. an acute indication) then it is only those patients who are incident
after the research reports who will realise any of the potential benefits. However, for treatment
decisions that are not irreversible, which is the case for EECP as it is a chronic condition,
prevalent and incident patients can benefit from the results of the research. Patients prevalent
while the research is undertaken will not benefit immediately but those who survive can benefit
from the results once the research is completed. Figure 50 shows the expected benefits of research
for EECP for a range of probabilities that research will be successfully undertaken and for
different times for research to report. Again, the cost of research (considered to be £1.5M) can be
compared directly with the potential benefits by the time that it takes for research to report.

How long research might take to report will depend in part on the design (follow-up, sample size
and end points), recruitment rates and size of the eligible patient population, as well as on how
efficient the organisation and data collection might be. The potential value of research for EECP
over a range of possible time horizons is reported in Figure 51 for different research designs
(length of follow-up). The potential value of further research declines with the time to research
reporting. The value of research is always higher for designs with longer follow-up as the research
is able to resolve more of the uncertainty surrounding the approval of EECP; however, the
differences are small in this case, but the longer the follow-up design the longer the time it takes
for the research to report. This relationship gives some indication of the value of improving the
timeliness of research through, for example, investment in research infrastructure or adopting a
research design.

How much will be resolved?

How much of the uncertainty will be resolved depends on the type of research likely to be
undertaken. In Point 4: Is research possible with approval? the potential benefits of different

types of evidence were assessed. In the case of EECP, most benefit can be gained by resolving

the uncertainty in the improvement in quality of life at 12 months. This would require a 1-year
follow-up design, with research reporting after 1 year. Resolving more of the uncertainty would
require a longer follow-up and hence longer follow-up designs. For example, a trial with a 2-year
follow-up will provide information about improvements in quality of life at 12 months and about
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FIGURE 51 Potential benefits of research by time to report for different research designs.

the sustained duration of these improvements from 12 months to 2 years. Similarly, a trial with an
even longer follow-up will provide information about the sustained duration in subsequent years.
Table 80 reports the potential benefits of alternative research designs of 1-4 years of follow-up.
Although longer follow-up offers greater potential benefits, they are relatively small compared
with the loss of potential value if longer follow-up delays the time until research findings are
available, for example a 4-year design will require a minimum of 4 years to complete; however, as
long as research reports before 8 years the potential benefits are likely to exceed the costs.

What is the impact of other sources of uncertainty?

In Point 5: Will other sources of uncertainty resolve over time?, no information was identified
regarding other sources of uncertainty for EECP. A change in price for EECP is not anticipated
and there is no evidence of new technologies emerging. However, given that the development
and launch of new devices are more difficult to identify in advance, two alternative scenarios
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TABLE 80 Potential benefits of research by time to report for different research design

Potential benefits of research, QALYs (£EM)

Time until research reports, years ~ 4-year design 3-year design 2-year design 1-year design
Immediately 9287 (186) 8987 (180) 8944 (179) 8756 (175)
1 3435 (69) 3324 (67) 3308 (66) 3238 (65)
2 2999 (60) 2902 (58) 2888 (58) 2827 (57)
3 2577 (52) 2494 (50) 2482 (50) 2430 (49)
4 2170 (43) 2100 (42) 2090 (42) 2046 (41)
5 1776 (36) 1719 (34) 1711 (34) 1675 (34)
6 1396 (28) 1351 (27) 1345 (27) 1316 (26)
7 1029 (21) 996 (20) 991 (20) 970 (19)

8 674 (14) 652 (13) 649 (13) 636 (13)

9 331 (7) 321 (6) 319 (6) 312 (6)

10 0(0) 0(0) 0() 00

are considered in Figure 52. In scenario A the new technology enters at year 5 and makes EECP
entirely obsolete, that is, not cost-effective and not uncertain - equivalent to a shorter technology
horizon of 5 years. At this point there is no value in the evidence generated by research about
EECP. The potential benefits of further research about EECP are likely to exceed the costs only if
the research reports quickly. Nevertheless, even in this extreme scenario the benefits of research
with only 1 year of follow-up are likely to exceed the costs as long as it reports before 4 years. In
scenario B the new technology enters at year 5 and has similar NHEs to treatment with EECP
and the uncertainty surrounding its expected cost-effectiveness is also similar. Now research
about EECP has more potential value in the future because it will also help to resolve some of the
uncertainty in the choice between EECP and the new technology.

The potential value of research presented in Figure 52 should be regarded as an upper bound to
the value that is likely to be realised by actual research for two reasons: (1) even well-designed
research with large sample sizes will not fully resolve the uncertainty in the value that a parameter
might take and (2) insofar as implementation of NICE guidance is not ‘perfect’ and all clinical
practice might not immediately respond to the results of research, the full benefits will only be
realised over time or with additional implementation efforts. For these reasons a judgement of
whether or not benefits of research are likely to exceed the costs might be made conservatively,
requiring evidence that, even in pessimistic scenarios, the research would still be worthwhile.

Types and categories of guidance resulting from points 5 and 6

The judgements made at points 5 and 6 of the checklist are critical because if the benefits of
research are not judged to exceed the costs then no further assessments are required (unless
there are significant irrecoverable costs, as in the case of EECP). For EECP, no other sources
of uncertainty were identified at point 5 and the potential value of research is likely to exceed
the costs. Therefore, the categories and types of guidance that could ultimately result from the
sequence of assessments up to point 6 are AWR®, OIR?, Approve’ and OIR® (Table 81).

Are the benefits of approval greater than the costs?

Point 7: Are the benefits of approval greater than the costs?

The seventh and final point on the checklist requires an assessment and comparison of the
benefits and costs of early approval. The costs of approval include the potential value of any
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FIGURE 52 Potential value of research by time to report and other sources of uncertainty. These potential values are
based on a 1-year follow-up design.

TABLE 81 Types and categories of guidance that could ultimately result from assessments 5 and 6

Assessment 1 2 3 4 5 6 7 Guidance
17 Yes Yes Yes Yes No Yes Yes AWR*

18 Yes Yes Yes Yes No Yes No OIR*

19 Yes Yes Yes Yes No No - Approve®
24 Yes Yes Yes No No Yes Yes Approve®
25 Yes Yes Yes No No Yes No OIR®

26 Yes Yes Yes No No No - Approve'®

research that may be forgone as a consequence of approving EECP and any costs that are
irrecoverably committed by approval. A judgement of whether or not the benefits of approval and
early access for current patients are likely to exceed the opportunity costs for future patients is
required, that is, at the following point in the algorithm:

Assess the benefits and costs of
early approval

Are the
benefits of approval greater
than the costs?

No

The decision at this point always leads directly to a particular category and type of guidance. For
EECP, this could be AWR, OIR or approve (see Table 81).
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Technologies with significant irrecoverable costs and research is

possible with approval

Even when research is possible with approval, the impact of committing irrecoverable costs
through AWR (or approval) must be considered, so OIR remains a possibility. EECP commits
capital costs associated with long-lived equipment as well as initially negative per-patient NHEs.
These irrecoverable opportunity costs at a patient level are significant because treatment choice
for a presenting patient is not irreversible over relevant time frames (see Point 2: Are there
significant irrecoverable cost?). As a consequence, even if research is possible with approval it is
not clear that AWR would be appropriate, because OIR avoids the commitment of irrecoverable
costs until research findings are available and a more informed decision can be made.

Figure 53 shows the expected NHEs of AWR and OIR over a range of possible time horizons for
when the research recommended might report. OIR offers greater expected NHEs than AWR as
long as research reports before 9 years. This is because the consequences (losses of population
NHEs) of committing both aspects of irrecoverable costs through AWR are greater than the
NHE: forgone by restricting access to EECP through OIR. The costs of research have not been
included because they are incurred with both AWR and OIR guidance.f

However, there is no guarantee that the research recommended as part of OIR or AWR guidance
will be conducted by manufacturers or commissioned by research funders. Even if it is, it is not
certain that it will be successfully completed. Therefore, the probability that research will report
at a particular time also needs to be considered. The implications of considering whether the
recommended research will be conducted and when it might report are illustrated in Figure 54,
which presents a boundary for when OIR rather than AWR might be appropriate. The boundary
is illustrated for four research designs with differing lengths of follow-up. Designs with a shorter
follow-up might be preferred if the additional benefits of a longer follow-up are less than the
additional opportunity costs of waiting longer until the research reports. In this case it seems
likely that the type of research required could report quickly enough for all research designs and
with sufficient confidence that OIR would be appropriate, even though the research could be
conducted while EECP is approved. Therefore, these assessments would support a judgement that
the benefits of approval (through AWR) are unlikely to exceed the opportunity costs (the NHEs
of OIR) and so OIR* (pathway 18, see Table 81) rather than AWR* (pathway 17, see Table 81)
would be more appropriate.

1401
14001
1399
1398
1397
1396

OIR

1395+ AWR
1394+

1393+
1392+
1391+

1390 T T T T T T T
0 1 2 3 4 5 6 7 8 9

Time for research to reporting (years)

Population NHE (000; QALYs)

FIGURE 53 Population NHEs of AWR and OIR by time to research reporting.
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FIGURE 54 An OIR or AWR boundary.

TABLE 82 Population NHEs over the technology time horizon for different policies

NHE for time Uncertainty Value of

to research resolved at evidence at
reporting Approve OIR AWR Reject Value of AWR  launch launch
NHEs in QALYs

T=3 1,391,001 1,397,192 1,393,578 1,389,596 -3614 1,400,288 3096

T=7 1,391,001 1,393,608 1,392,030 1,389,596 —1578 1,400,288 6680

NHEs in £M

T=3 27,820 27,944 27,872 27,792 72 28,006 62

T=7 27,820 27,872 27,841 27,792 -32 28,006 134

T, time to research reporting.

Table 82 summarises the population NHEs over the technology time horizon for different policies
for a 4-year design. This can be used to help inform the policy questions: (1) what would be the
value of being able to conduct research while EECP is approved? and (2) what would be the value
of making the evidence that is needed by the NHS available at launch? In this case, because of the
irrecoverable costs associated with EECP, there is no value to the NHS of being able to conduct
research while EECP is approved for use. In fact, these figures are negative, indicating that even if
AWR was possible it would not be appropriate. The difference in NHEs between OIR and AWR
(the next best policy, if it were possible) represents the value to the NHS of withholding approval
until the research is conducted (i.e. £72M if 3 years). The difference in population NHEs between
all uncertainty resolved prior to appraisal (at launch) and the next best available policy represents
the value to the NHS of having access to the evidence needed at launch. The value, expressed in
the equivalent NHS resources, depends on how long it would otherwise have taken for an OIR
recommendation to deliver the same evidence, for example £62M if 3 years and £134M if 7 years.

Technologies with significant irrecoverable costs and research is not

possible with approval

For the reasons discussed earlier, the type of experimental research required to robustly estimate
the effect of EECP on quality of life is unlikely to be possible once EECP is approved and in
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widespread use; therefore, research may not be possible with approval. In this case, approve
(rather than AWR) is an alternative option. However, approve not only commits the type of
irrecoverable costs discussed above but also means that the potential value of evidence to future
patients must also be forgone. This is reflected in Figure 55 in which the difference between

OIR and approve is always greater than that between OIR and AWR in Figure 53. It suggests
that as long as the cost of the research exceeds the difference between OIR and approve, when

it is expected to report, OIR rather than approve would be appropriate. This is also reflected

in the boundaries for OIR and approve reported in Figure 56. The boundaries for the different
research designs are always to the north-east of the OIR/AWR boundaries reported in Figure 54,
again reflecting the fact that approval not only commits irrecoverable costs but also forgoes the
potential value of evidence that might have been generated through an OIR recommendation.
These assessments would support a judgement that the benefits of approval are unlikely to exceed
the opportunity costs (the NHEs of OIR) and so ‘OIR® (pathway 25, see Table 81) rather than
‘Approve” (pathway 24, see Table 81) would be more appropriate.
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Population NHE (000; QALYS)
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FIGURE 55 Population NHEs of approve and OIR by time to research reporting.
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Types and categories of guidance resulting from point 7
The decision at this point always leads directly to guidance, allocating all remaining possible
pathways to a particular type and category of guidance. The resulting guidance for EECP is
summarised in Table 83. Guidance will depend on whether or not EECP can be approved for
widespread use while research is conducted (AWR); however, as demonstrated above, even when
research is possible with approval, OIR appears to offer greater expected NHEs than AWR or
approve as long as research reports before 9 years. This is largely because the consequences of
committing significant irrecoverable costs through AWR or approve are greater than the NHEs
forgone by restricting access to EECP through OIR.

TABLE 83 Types and categories of guidance for EECP

Assessment 1 2 3 4 5 6 7 Guidance
17 Yes Yes Yes Yes No Yes Yes AWR?*

18 Yes Yes Yes Yes No Yes No OIR

24 Yes Yes Yes No No Yes Yes Approve®
25 Yes Yes Yes No No Yes No OIR®
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Appendix 8

Clopidogrel for the management of patients
with non-ST segment elevation acute
coronary syndromes

Introduction

The use of CLOP (for up to 12 months) in combination with low-dose aspirin was recommended
by NICE following a MTA appraisal for patients with NSTE-ACS presenting with a moderate to
high risk of ischaemic events (TA80' in 2004). In TA80 the Appraisal Committee considered

12 months’ or lifetime treatment with CLOP, but recommended research to inform optimal
treatment duration. The original report had included an analysis of shorter treatment durations
(<12 months) and the NTHR HTA programme subsequently commissioned additional reanalysis
based on the original work to inform the research recommendation in 2009. This case study is
based on the reanalysis of TA80 undertaken in 2009, which included standard therapy compared
with four alternative treatment durations of CLOP of 1, 3, 6 and 12 months. This analysis
informed clinical guideline CG94'* in 2010. Importantly, although this case study is based on the
later reanalysis of TA80, the analysis considered here has been undertaken from the standpoint of
the original TA80 appraisal and asks what assessments might have been made at that time when
standard therapy was low-dose aspirin.

Background to the case study

An acute coronary syndrome is a set of symptoms of myocardial ischaemia occurring because

of the presence of occlusion thrombi in the arteries because of the fissuring or rupturing of
atheromatous plaques. NSTE-ACS can be classed as either unstable angina or non-ST elevation
myocardial infarction (NSTEMI). NSTE-ACS are associated with a high risk of death or
ischaemic complications, and antiplatelet agents such as CLOP are effective at reducing the risk of
further ischaemic events.

In recommending CLOP in TA80,'*> NICE used a published report of analyses undertaken by the
Centre for Reviews and Dissemination (CRD) and the Centre for Health Economics (CHE).!”
This evaluation assessed the clinical effectiveness and cost-effectiveness of CLOP in combination
with aspirin for people with NSTE-ACS, the results of which were later updated by Rogowski

et al."*® in 2009. The optimal duration of CLOP treatment was assessed at this later stage and an
analysis of the value of further research was undertaken. The update of the MTA appraisal was
used to inform NICE’s clinical guidelines (CG94'*) in 2010.

The model and methods used in the evaluation by Rogowski et al.'*® were used here to illustrate
the information and associated analyses that would have been required to inform a decision
process linking adoption with further evidence collection. Despite using the model and methods
of Rogowski et al.,'*® the analysis has been undertaken from the standpoint of the original TA80'*
appraisal. Given the objectives of exploring what additional information and analysis might be
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required, de novo or substantial reanalysis of original assessments was not undertaken in the
current work.

Interventions and population
The population of interest includes patients with NSTE-ACS presenting with a moderate to
high risk of ischaemic events. Treatment should start immediately after the acute event; thus,
prevalent cases are not assumed eligible for treatment, only incident cases. The incidence of
NSTE-ACS in the UK was estimated to be 60,000 patients per year,'* reflecting the size of the
population eligible to receive treatment annually. This figure is assumed to be non-stochastic in
further analyses.

The treatment strategies considered in this case study were:

CLOP12: treatment with CLOP as an adjunct to standard therapy for 12 months
CLOP6: treatment with CLOP as an adjunct to standard therapy for 6 months
CLOP3: treatment with CLOP as an adjunct to standard therapy for 3 months
CLOP1: treatment with CLOP as an adjunct to standard therapy for 1 month
NHS: lifetime treatment with standard therapy alone (including aspirin).

Lifetime treatment with standard therapy is considered here as the treatment established in the
NHS, as we aim to recreate the decision problem set out in 2004 (TA80'%). A possible decision
to use CLOP will thus represent a change in guidance. Given that the evaluation undertaken was
used to inform NICE’s decision-making, this study used the NHS perspective and a discount rate
of 3.5% for future costs and QALYs.!

Evidence on clinical effectiveness
The Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) trial established the
effectiveness of CLOP in patients with NSTE-ACS.!7¢-8! 'This was a multicentre, double-blind
RCT that recruited 12,562 patients who presented within 24 hours of experiencing an NSTE-ACS
event. The trial compared CLOP (300 mg initially followed by 75 mg daily) in combination with
aspirin (75-325mg/day) with placebo plus aspirin (75-325 mg/day). Results show that CLOP
was significantly more effective than placebo at reducing the risk of the composite outcome of
cardiovascular death, NFMI or stroke. The proportion of patients experiencing the composite
outcome was greater in the aspirin-only group at 30 days [relative risk (RR) 0.79; 95% confidence
interval (CI) 0.67 to 0.92] and from 30 days to 12 months (RR 0.82; 95% CI 0.70 to 0.95). The
results also suggested that the benefits of CLOP may be most apparent within the first 3 months
of treatment. This was investigated further using an exploratory post hoc analysis of the CURE
data (comprising non-randomised comparisons), presented in the SIGN guidelines (no. 93).'%
This analysis showed that, within the CURE trial, the event rate was statistically significantly
lower in the CLOP group for the periods 0-1 month, 1-3 months and 0-12 months, but not for
the periods 3-6 months, 6-9 months and 9-12 months.

Decision model
The model used by Rogowski et al.'*® combines a short-term decision tree and a Markov model
representing the longer term. The short-term tree characterises the period up to 12 months
following an acute coronary syndrome, tracking for possible myocardial infarctions (MIs) or
death. The Markov model was defined to have four states (well, death, MI and post MI). The
model was run for a period of 40 years, the ‘patient time horizon, using yearly cycles. The
patient time horizon is the time horizon over which costs and benefits are likely to differ for an
individual patient and was here assumed to approximate the lifetime of the patients. A summary
of the parameters used to define the decision model is shown in Table 84.
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TABLE 84 Parameters of the decision model for CLOP

Parameter Description Source Distribution

Natural history 1 P_die_0.1 Short term: probability of death, 0—1 months PRAIS-UK data™  Dirichlet

2 P_NFMI_0.1 Short term: probability of a NFMI, 0—1 months

3 P_die_1.3 Short term: probability of death, 1-3 months Dirichlet

4 P_NFMI_1.3 Short term: probability of a NFMI, 1-3 months

5 P_die_3.6 Short term: probability of death, 3—6 months Dirichlet

6 P_NFMI_3.6 Short term: probability of a NFMI, 3—6 months

7 P_die_6.12 Short term: probability of death, 6—12 months Dirichlet

8 P_NFMI_6.12 Short term: probability of a NFMI, 6—-12 months

9 TP_AC Long term: annual TP — well(A) to MI(C) Main et al. Normal (log-hazard)

10 TP_AD Long term: annual TP — MI(C) to dead(D) 20041 Normal (log-hazard)

11 TP_CD Long term: annual TP — MI(C) to dead(D) Normal (log-hazard)

12 TP_BD Long term: annual TP — post MI(B) to dead(D) Normal (log-hazard)
Relative effects 17 RR_death Treatment effects (RR) — all-cause mortality CURE trial'”¢-"8"  Normal (log-RR)

18 RR_NFMI Treatment effects (RR) — NFMI Normal (log-RR)
Utilities 13 U_Well Utility weights per health state: IHD year 1 Karnon et al. Beta

14 U_Well1 Utility weights per health state: post IHD 2006'* Beta

15 U_NFMI Utility weights per health state: Ml year 1 Beta

16 U_POSTMI Utility weights per health state: post Ml Beta
Costs 19 C_Well Cost per health state: IHD year 1 @ @

20 C_MI_LT Cost per health state: Ml year 1 a a

21 C_PostMI Cost per health state: post MI a a

22 TC_Well_Dead Cost per health state: transitions to death a a

23 C_clop12, ..., Cost per treatment strategy @ @

to C_NHS

27

28 Clop_cost Cost per mg of CLOP (2100 mg, 2007) BNF 20078 Constant

C, cost; IHD, ischaemic heart disease; P, probability of events in the short-term decision tree; PRAIS-UK, Prospective Registry of Acute Ischaemic

Syndrome in the UK; RR, relative risk; TP, annual transition probabilities between states [well (A), post MI (B), MI (C), dead (D)] of a Markov model

characterising long-term progression of disease; U, utility.

a To reduce the number of model parameters and allow tractability in the further analysis, resource use and cost parameters from the original
model'*® were used to derive costs per health state and costs per treatment. The distribution assumed to describe uncertainty over these
parameters was an empirical distribution, evaluated using the original Monte Carlo simulations.

The probabilities of death and NFMI applied in the first year were derived from the Prospective
Registry of Acute Ischaemic Syndrome in the UK (PRAIS-UK), an observational UK cohort
registry of 1046 patients with ACS.'® Treatment with CLOP was assumed to prevent death and
NFMI and this was parameterised using relative treatment effects. These were applied throughout
the duration of the CLOP treatment period (in the short-term model), within which these

were constant; hence, any benefits of treatment with CLOP were assumed to stop at the time

of withdrawal, and patients were modelled to rebound to the same prognosis as an equivalent
patient on aspirin alone (NHS standard care).

The long-term model was used to quantify the remaining QALYs and costs of patients once they
exited the short-term model. The rate at which transitions happen within the long-term Markov
model were parameterised using transition probabilities. These transitions were estimated using
the Nottingham Heart Attack Register (NHAR) data (n=1279) (for further details see Rogowski
et al.'*¥) and were defined as independent of treatment; hence, CLOP was assumed to not impact
directly on the long-term outcomes of patients.
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Utility parameters were derived using published evidence from Karnon et al.'®* Costs and
resource use categories considered were treatment related, adverse event related, those associated
with health states and those associated with possible revascularisation (tracked in the short-term
model). The specificities of how these were considered are detailed in the main report.” In the
current assessment, to allow tractability in the further analysis and clarity in the presentation

of results, the number of model parameters was reduced by using the resource use and cost
parameters in the original model to derive costs per health state and costs per treatment.

Inputs in the model were assumed to be uncertain and the model was run probabilistically
using Monte Carlo simulation (5000 simulations). Expected cost-effectiveness was determined
using these probabilistic results, as established within the NICE appraisal process.* The use

of probabilistic analysis also allows uncertainty over model parameters to be translated into
uncertainty in the overall results.

Key features and possible pathways
The CLOP case study focuses on evaluating alternative durations of treatment with CLOP
alongside lifetime treatment with standard therapy as well as standard therapy alone (current
NHS care) for the management of patients with NSTE-ACS. This is an acute condition and so
only incident populations after research reports can benefit from the information.

A research recommendation was made in section 5 of the FAD in TA80'* regarding uncertainty
over the duration of treatment; therefore, CLOP is not an example of AWR at FAD but an
example of AWR considered during appraisal. In an update of the assessments undertaken,”
alternative assumptions about the way that treatment effects were modelled were also evaluated.

Using the CLOP case study we aim to demonstrate how the key principles and assessments
could inform the development of guidance regarding the use of CLOP through application of the
checklist developed in this project. We also aim to illustrate how existing methods of appraisal
can be applied to this case study and also what additional information and analysis (and when)
can be useful for the Appraisal Committee to undertake the proposed judgements.

The possible pathways through the algorithm that the CLOP case study illustrates are reported

in Figure 29 in Appendix 4, with the new technology expected to be cost-effective and with no
significant irrecoverable costs. The CLOP case study also illustrates a number of other important
characteristics, including (1) the impact that other sources of uncertainty (price change following
patent expiry) can have on the value of further research, (2) the interpretation of analyses when
there are multiple alternatives and (3) the use of scenarios to represent alternative but credible
assumptions. The following sections examine each of the seven points on the checklist relating to
the possible sequence of assessments and decisions, which lead to a particular category and type
of guidance for CLOP.

Is it cost-effective and what are the risks?
Point 1: Is it expected to be cost-effective?

The sequence of assessments starts with cost-effectiveness and the expected impact on population
NHEs, that is, at the following point in the algorithm:
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[ Assess cost-effectiveness and ]

population net health effects

No
Is it cost-effective?

Yes

The assessment of expected cost-effectiveness is made based on the balance of the evidence and
analysis currently available. Commonly, expected cost-effectiveness is summarised and presented
using ICERs. Equivalently, but more usefully in this context, cost-effectiveness can be expressed
in terms of expected NHEs, which can be expressed per patient treated or for a population of
patients. All of the information required to express expected cost-effectiveness in these ways is
already available during appraisal.

Cost-effectiveness at the patient level

Estimates of the expected NHS costs and QALY for each patient treated over an appropriate
time horizon - the ‘patient time horizon’ — can be summarised as the per patient NHEs of each
intervention, that is, the difference between any health gained and health forgone elsewhere.

The results for CLOP are summarised in Table 85." There are more than two alternatives: four
treatment durations as well as current NHS treatment (aspirin alone) were considered. The
results indicate that 12-month treatment with CLOP is expected to be cost-effective at a threshold
of £20,000 per QALY;® although the difference in NHEs between 12 months and 6 months of
treatment is small. Consequently, the NHEs of 12 months’ treatment with CLOP are greater

than the NHEs of 6 months’ treatment with CLOP but the difference per patient treated (the
incremental NHE) is small.

It is also important to consider how NHEs accumulate over time or the investment profile per
patient treated with CLOP. Figure 57 illustrates the cumulative incremental NHEs over the
patient time horizon. The per patient costs of CLOP are in excess of the health benefits during the
period of treatment. These negative NHEs are eventually offset by positive NHEs in later periods.
In this case, it is only after 5 years that 12 months of treatment with CLOP breaks even against
current NHS care and it is not until 21 years that it is better than a shorter treatment duration of
6 months. Notice that shorter treatment durations with CLOP offer a much less ‘risky profile; for
example the break-even point for 1 month of treatment is 2 years against current NHS care.

TABLE 85 Expected cost-effectiveness of CLOP per patient treated

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000
per QALY per QALY
ICER (£/
Treatment  Cost (£) QALYs QALY) NHE, QALYs (£) NHE, QALYs (£)
CLOP12 20,127 8.122 18,663 7.115 (142,307) 7.451 (223,525)
CLOPB 19,860 8.107 10,477 7.114 (142,288) 7.445 (223,362)
CLOP3 19,712 8.093 9396 7.108 (142,154) 7.436 (223,087)
CLOP1 19,598 8.081 4961 7.101 (142,025) 7.428 (222,837)
NHS 19,502 8.062 - 7.087 (141,734) 7.412 (222,353)
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FIGURE 57 Cumulative incremental NHEs of CLOP over the patient time horizon.

Cost-effectiveness at the population level

Per patient NHEs can also be expressed for the population of current and future patients. This
requires information about prevalence and future incidence of the target population (already
required in appraisal). It also requires a judgement about the time horizon over which the
technology will be used. This ‘technology time horizon’ ought to reflect the period over which
the technology is likely to be part of clinical practice and generate the expected NHEs.¢ An
estimate of the scale of the total population NHEs and how they cumulate over time is important
for subsequent assessments, including (1) when the NHEs for current patient populations must
be compared with the benefits to future patients and (2) when the treatment decision can be
changed so the irrecoverable costs of initially negative NHEs become significant.

Given the acute nature of the condition being assessed in the CLOP case study; it is assumed
that the prevalent population is not significant and that only incident populations are eligible
for treatment with CLOP. The total population NHEs, assuming that the technology will be used
to treat incident patients over 10 years, are reported in Table 86. Expected cost-effectiveness is
unchanged (ICERs are the same as in Table 85) but the incremental NHEs, although small per
patient, are more significant at a population level.

The investment profile for CLOP when used to treat patients over 10 years is illustrated in

Figure 58. At a population level it is not until 11 years (rather than 5 years at a patient level) that
initial losses are compensated for by later gains and CLOP (12 months of treatment) breaks even
against current NHS care. It is not until 27 years (rather than 21 years at a patient level) that

12 months of treatment is better than a shorter treatment duration of 6 months. In other words,
CLOP appears a more risky investment when evaluated at a population rather than an individual
level. This is because, although each patient treated with CLOP is expected to offer the same
profile of NHEs shown in Figure 57, the negative NHEs associated with patients who are incident
and treated in year 10 will not be offset by later gains.

Table 87 shows that the population-level investment profile would exhibit greater risk (break-
even later) if the technology time horizon was longer. For example, the break-even point for

12 months of treatment with CLOP against 6 months of treatment extends to 33 years when the
technology time horizon is increased to 20 years. Shorter durations of treatment still offer a ‘risky
profile; for example the break-even point for 1 month of treatment compared with current NHS
care is 4 years.
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TABLE 86 Expected cost-effectiveness of CLOP for the population

Cost-effectiveness threshold

Cost-effectiveness threshold

£20,000 per QALY £30,000 per QALY
ICER (&/

Treatment  Cost (£) QALYs QALY) NHE, QALYs (£M) NHE, QALYs (£M)
CLOP12  10,394,830,647 4,194,554 18,663 3,674,813 (73,496) 3,848,060 (115,442)
CLOPG 10,256,672,674 4,187,151 10,477 3,674,318 (73,486) 3,845,262 (115,358)
CLOP3 10,180,425,730 4,179,874 9396 3,670,853 (73,417) 3,840,526 (115,216)
CLOP1 10,121,529,942 4,173,605 4961 3,667,529 (73,351) 3,836,221 (115,087)
NHS 10,072,035,344 4,163,629 - 3,660,027 (73,201) 3,827,894 (114,837)
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FIGURE 58 Cumulative incremental NHEs of CLOP for the population. Incremental NHEs are presented for the different
treatment strategies in relation to standard NHS care. A 10-year technology time horizon is assumed, indicated by the
grey shading.

Point 2: Are there significant irrecoverable costs?
The second point on the checklist requires (1) an assessment of whether there are irrecoverable
costs and (2) a judgement of their potential significance, that is, at the following point in
the algorithm:

( Assess irrecoverable costs )

Are there
significant irrecoverable
costs?

No

Irrecoverable costs are those that, once committed, cannot be recovered if guidance is changed
at a later date. Irrecoverable costs are most commonly thought of as ‘upfront’ or capital costs of
new facilities or equipment with long life expectancy (they might also include any practitioner
training and the costs of implementation efforts). In the CLOP case study, no capital costs were
included in the analysis.
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TABLE 87 Expected cost-effectiveness of CLOP for the population for a range of technology time horizons

Break-even point (years)
Incremental NHE,

Technology time horizon ~ Treatment  QALYs (£M) 12 months vs 6 months 12 months vs NHS 1 month vs NHS

5 years

10 years

15 years

20 years

CLOP12 269 (5.4) 24 8 4
CLOP6 1881 (37.6)
CLOP3 1804 (36.1)

CLOP1 4073 (81.5)
NHS -
CLOP12  495(9.9) 27 11 4

CLOP6 3465 (69.3)
CLOP3 3324 (66.5)

CLOP1 7502 (150)
NHS -
CLOP12 686 (13.7) 30 12 4

CLOP6 4799 (96)
CLOP3 4603 (92.1)

CLOP1 10,389 (207.8)
NHS -
CLOP12 846 (16.9) 33 12 4

CLOP6 5921 (118.4)
CLOP3 5680 (113.6)
CLOP1 12,820 (256.4)
NHS -

However, even in the absence of capital costs of equipment and facilities, NHEs accumulate

over time both at a patient and a population level. The analysis in Point I: Is it expected to be
cost-effective? (see Figure 58) indicates a common pattern of initially negative NHEs that are only
gradually offset by positive NHEs in later periods. The investment profile of CLOP (at a patient
and more so at a population level) thus exhibits irrecoverable costs. Therefore, in the case of an
approval or AWR recommendation, opportunity costs of negative NHEs are committed that may
be irrecoverable.

Are they likely to be significant?

Whether or not irrecoverable costs are significant (i.e. might influence guidance) depends
critically on whether or not guidance is likely to change and whether that is more likely in the
near or distant future. That will depend on whether or not research is likely to be undertaken and
when it is likely to report, as well as on other events that might occur, for example a change in
price following patent expiry. These are assessed later, at points 5 and 6 on the checklist. However,
the potential significance of any irrecoverable costs can be assessed at this point.

Judging the potential significance of the investment profiles of NHEs is more nuanced. It depends
whether treatment decisions for individual patients are irreversible, which in part depends on

the nature of the disease. CLOP is a treatment for ACS and, although decisions about treatment
and its duration are not irreversible in the short run, over the time scales more likely for research
being conducted (and reporting) or other events occurring that could change guidance they

can be regarded as such. Of course, it is possible that the later benefits are not realised but it

is also possible that they will realise more (the profiles of NHEs in Figure 57 are the average

over these possibilities). Similarly, the possibility that guidance might change in the future (e.g.
research suggests that the longer-term benefits will not offset initial losses) will not influence
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the irreversible decision to treat a presenting patient with a technology that is expected to be
cost-effective prior to the research reporting. Therefore, although the investment profile of CLOP
exhibits irrecoverable costs these should not be judged significant in the sense that they have little
potential to influence guidance.

Types and categories of guidance resulting from points 1 and 2
Points 1 and 2 of the checklist do not lead directly to a category or type of guidance. The
sequence of assessments and decisions, which ultimately lead to guidance, starts with cost-
effectiveness, expected impact on population NHEs and significance of irrecoverable costs. In
the case of CLOP, the technology is expected to be cost-effective and it does not have significant
irrecoverable costs. Although treatment with CLOP does commit initially negative NHEs that
are irrecoverable, these should not be regarded as significant as the treatment decision for a
presenting patient is irreversible in relevant time frames.

Table 88 summarises the categories and types of guidance that could ultimately result from the
sequence of assessments up to point 2 (see Table 32 in Appendix 4).

Is further research required?

Point 3: Does more research seem worthwhile?

The third point on the checklist requires an assessment of the potential benefits of conducting
further research, that is, at the following point in the algorithm:

( Assess need for evidence )

Does
more research seem
worthwhile?

No

This requires judgements about (1) how uncertain a decision to approve or reject a technology
might be based on the estimates of expected cost-effectiveness and (2) whether the scale of
the likely consequences of this uncertainty might justify further research. Some assessment

of the potential consequences of uncertainty is important because it indicates the scale of the
population NHEs, over the technology time horizon, that could be gained if the uncertainty

TABLE 88 Types and categories of guidance that could ultimately result from points 1 and 2

Assessment 1 2 3 4 5 6 7 Guidance
1 Yes No Yes Yes Yes/no Yes - AWR'

2 Yes No Yes Yes Yes/no No - Approve'
3 Yes No Yes No Yes/no Yes Yes Approve?
4 Yes No Yes No Yes/no Yes No OIR!

5 Yes No Yes No Yes/no No - Approve®
6 Yes No No - - - - Approve*
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surrounding this decision could be resolved immediately, that is, it represents an expected upper
bound on the benefits of more research.

Assessing the consequences of uncertainty

In the CLOP case study 12 months of treatment is expected to be cost-effective (see Tables 85
and 86), but the estimates of costs and QALY's are uncertain so there is a chance that a decision
to approve CLOP based on existing evidence will be incorrect, that is, other treatment options
might offer greater NHEs. A judgement is required about the chance that 12 months of treatment
is incorrect and if so which of the other four alternatives is likely to offer higher NHEs and

how much higher. In other words, for decisions involving multiple alternatives, a judgement is
required on the level of uncertainty surrounding the decision, how this uncertainty is distributed
across the various alternatives and what the consequences are likely to be.

Some assessment of the likely consequences of approving CLOP under uncertainty could be
based on the difference in expected NHEs, that is, the expected incremental population NHEs
reported in Table 87. The simplest approach could be to take the difference in expected NHEs for
CLOP and standard NHS care and weight it by a judgement of the probability that the decision

is correct, that is, allocate the consequences of an incorrect decision to NHS standard care.! For
example, if the decision was judged to be 100% certain (the probability that the decision is correct
would be 1) then there are no consequences and so there would be nothing to be gained by more
research; however, as the decision becomes more uncertain, the expected consequences (and
hence potential value of more research) increases.

In the presence of multiple treatment alternatives, there are other options than to allocate all
of the consequences of an erroneous decision to NHS standard care. We have examined four
alternative ways:

The consequences are assigned to NHS standard care.

The consequences are assigned to CLOPS, the next best treatment.

Equal shares of the consequences are assigned to treatments other than CLOP12.

The consequences are assigned to treatments other than CLOP12 based on the probability
of the alternative treatments being cost-effective from PSA. Note that this uses the PSA
only to inform the magnitude of the consequences of a wrong decision; a judgement on the
likelihood of adopting CLOP being the incorrect decision is still required.

Ll o

The results of these alternative analyses are illustrated in Table 89 in which a judgement about the
probability that a decision based on expected cost-effectiveness is correct translates into expected
consequences based on expected incremental population NHEs.

This judgement, of how uncertain a decision might be, can be informed by the PSA already used
to estimate costs and QALYs and required as part of the NICE reference case. The probabilities
that each of the five alternatives is cost-effective are reported in Table 90. The probability that

12 months of treatment is cost-effective is 0.524, which would translate into 1723 QALY over the
technology time horizon (assumed to be 10 years) based on the expected or average difference
between NHEs (Figure 59). The time horizon over which evidence generated by research about

a technology might be valuable may be longer (or shorter) than the period over which the
technology is used; therefore, the technology time horizon and the time horizon for the benefits
of research may differ. For simplicity, in this case study we have assumed these to be equal.

The previous analyses assumed that the difference in NHEs when CLOP is not the correct
decision is the average; however, this is not necessarily true and estimates based on means may
substantially under- or overestimate the expected consequences of uncertainty (see Appendix 11,
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TABLE 89 Expected consequences of uncertainty based on a weighting of average NHEs

Cost-effectiveness threshold £20,000 per QALY

Cost-effectiveness threshold £30,000 per QALY

z;%bsag:'tls/ Expected consequences, QALYs (EM) Expected consequences, QALY (EM)

ision i

correct,p (1) @ @3 @ m @ @ @

1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

0.99 148 (3) 5(0.1) 66 (1.3) 37 (0.7) 202 (4.0) 28 (0.6) 106 (2.1) 56 (1.1)

0.95 739 (14.8) 25 (0.5) 332 (6.6) 185 (3.7) 1008 20.2) 140 (2.8) 529 (10.6) 281 (5.6)

0.90 1479 (29.6) 50 (1.0) 663 (13.3) 370 (7.4) 2017 40.3) 280 (5.6) 1058 (21.2) 561 (11.2)

0.75 3696 (73.9) 124 (2.5) 1658 (33.2) 925(18.5) 5041 (100.8) 699 (14) 2646 (52.9) 1403 (28.1)

0.50 7393 (147.9) 248 (5.0) 3316 (66.3) 1850 (37) 10,083 (201.7) 1399 (28) 5292 (105.8) 2806 (56.1)

0.25 11,089 371 (7.4) 4973(99.5) 2776 (55.5) 15,124 (302.5) 2098 (42) 7938 (158.8) 4209 (84.2)
(221.8)

0.10 13,307 446 (8.9) 5968 3331 (66.6) 18,149 (363) 2518 (50.4) 9525 (190.5) 5050 (101)
(266.1) (119.4)

0.05 14,046 470(0.4) 6299 (126) 3516(70.3) 19,157 (383.1) 2658 (53.2) 10,055 (201.1) 5331 (106.6)
(280.9)

0.01 14,638 490 (9.8) 6565 3664 (73.3) 19,964 (399.3) 2770 (55.4) 10,478 (209.6) 5555 (111.1)
(292.8) (131.3)

0 14,786 495(9.9) 6631 3701 (74) 20,165 (4033 2798 (56) 10,584 (211.7) 5611 (112.2)
(295.7) (132.6)

TABLE 90 Expected consequences of uncertainty for CLOP

Cost-effectiveness threshold £20,000 per QALY

Cost-effectiveness threshold £30,000 per QALY

Expected Expected
ICER (£/  Incremental NHE,*  Probability consequences,  Incremental NHE,*  Probability consequences,

Treatment  QALY) QALYs (EM) cost-effective  QALYs (£EM) QALYs (£M) cost-effective  QALYs (£M)
CLOP12 18,663  495(9.9) 0.524 5194 (103.9) 2798 (56.0) 0.677 3657 (109.7)
CLOP6 10,477 3465 (69.9) 0.180 4736 (94.7) 0.092

CLOP3 9396 3324 (66.5) 0.018 4305 (86.1) 0.009

CLOP1 4961 7502 (150.0) 0.075 8327 (166.5) 0.052

NHS - - 0.202 - 0.170

a The mean additional population NHE of moving from the least to the most effective alternative, that is, the incremental NHE of 12 months’
treatment compared with NHS care is the sum of these increments (14,786 QALY or £295.7M at £20,000 per QALY).

Why the consequences of uncertainty differ from mean incremental effects). To accurately record
the difference between the NHEs of CLOP and alternative treatments, and the frequency of such
errors, the probabilistic analysis can be used. This distribution of consequences from PSA is
illustrated in Figure 60. Most commonly (52.4%) there are no consequences because 12 months of
treatment with CLOP is the correct decision. When it is not, there is a greater chance of relatively
small consequences (30% are < 10,000 QALYs), which occur predominantly when 6 months of
treatment offers the highest NHEs. However, there is a small chance of larger consequences (< 5%
chance that they are >30,000 QALYs) when standard NHS treatment offers the highest NHEs,
that is, there remains important uncertainty about the cost-effectiveness of treatment itself, not

just its duration.

The average over this distribution provides the expected consequences of uncertainty from
PSA, which in this case is 5194 QALY (see Table 90). This is substantially greater than the
estimate of 1723 QALY based on mean incremental population NHEs, demonstrating that such
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Expected consequences (£M)
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FIGURE 59 Probability that CLOP is cost-effective and the consequences of uncertainty. The expected consequences
of uncertainty (from means) are from the results of alternative analysis (4) in Table 89.
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FIGURE 60 Distribution of the consequences of uncertainty for CLOP.

simple estimates may be misleading (see Figure 59). The consequences can also be expressed as
the equivalent NHS resources required to generate the same population NHEs: £103.9M (see
Table 90). At a higher cost-effectiveness threshold (£30,000 per QALY) the consequences fall
because a decision to approve CLOP will be less uncertain (see Table 90).

The value of the expected consequences of uncertainty can be interpreted as an estimate of

the population NHEs that could be gained, over the time horizon of this technology, if the
uncertainty about treatment and its duration could be immediately resolved; it indicates an
expected upper bound on the benefits of more research.8 A judgement at this point that more
research might be worthwhile seems reasonable as the potential benefits exceed the likely costs.

The expected consequences increase with the technology time horizon and size of the patient
population. Table 91 evaluates the consequences of uncertainty (using PSA) for alternative
technology time horizons.

Analysis of subgroups
There were no relevant subgroups in the CLOP case study.
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TABLE 91 Expected consequences of uncertainty for different technology time horizons

Technology time horizon, years Expected consequences, QALYs (£EM)
5 2819 (56.4)

10 5194 (103.9)

15 7193 (143.9)

20 8876 (117.5)

Alternative scenarios

The probabilistic analysis reported above reflects mainly the uncertainty over input parameters,
given a set of assumptions made when estimating expected costs and QALYs. However, there
are often alternative views not considered initially about, for example, the quality and relevance
of evidence as well as other assumptions that might have been made. These are commonly
presented as separate scenarios, with estimates of costs and QALY presented for each. In the
CLOP case study, base-case analyses assume a constant relative treatment effect for different
durations of treatment. An alternative assumption (scenario B) was that the relative treatment
effect also differed by duration based on the data reported in the SIGN guidelines. Tables 92 and
93 present a summary of the cost-effectiveness, decision uncertainty and expected consequences
of uncertainty for the alternative scenarios. The alternative assumption that relative treatment
effects differ by duration made longer durations less cost-effective and reduced the expected
consequences of uncertainty from 5195 to 3969 QALYs.

The uncertainty within each scenario will be sufficient to indicate the potential benefits of
research only when this scenario is the only one regarded as credible. However, when more than
one scenario might be credible and carry some ‘weight, there will be uncertainty between as
well as within scenarios. Much of the deliberation by the Appraisal Committee often surrounds
the scientific value judgements required to judge the credibility of the alternative assumptions
represented by the scenarios. The ‘weighting’ of scenarios can be made explicit by assigning
probabilities to represent how credible each is believed to be. The weighted average of costs and
QALYs across scenarios can easily be calculated. It is also tempting to take a simple weighted
average of the expected consequences of uncertainty across these scenarios as well. However,

a simple weighted average may under- or overestimate the combined consequences of the
uncertainty within and between scenarios. The correct estimate requires the probabilities
(weights) to be applied in a way that correctly identifies the consequences of uncertainty (for
further details refer to Appendix 11, Why averaging scenarios may be misleading). Although

this does not require additional simulation and is quick and easy to implement, it does require
that either the probabilities are made explicit in advance or that estimates be presented for

a range of probabilities that might represent the judgement of the Appraisal Committee
following deliberation.

In the CLOP case study, although scenario A was regarded as more credible by the Appraisal
Committee, scenario B might nevertheless carry some weight or have some probability associated
with it. Figure 61 shows that, in this case study, the simple weighted average of expected
consequences (linear combination of mean estimates) approximates reasonably the correct
estimate based on weighting the output of PSA. This figure also shows how these estimates can be
presented for a range of probabilities.

Closed-form solutions can also correctly estimate the consequences of within- and between-
scenario uncertainty (Figure 62) and can be used instead of weighting the output of PSA.
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TABLE 92 Expected cost-effectiveness of CLOP with alternative scenarios

Cost-effectiveness threshold

Cost-effectiveness threshold

£20,000 per QALY £30,000 per QALY

Health effects, ICER (&/
Treatment  Cost (£) QALYs QALY) NHE, QALYs (EM) NHE, QALYs (EM)
Scenario A (base case)
CLOP12 10,394,830,647 4,194,554 18,663 3,674,813 (73,496) 3,848,060 (115,442)
CLOPG 10,256,672,674 4,187,151 10,477 3674,318 (73,486) 3,845,262 (115,358)
CLOP3 10,180,425,730 4,179,874 9396 3,670,853 (73,417) 3,840,526 (115,216)
CLOP1 10,121,529,942 4,173,605 4961 3,667,529 (73,351) 3,836,221 (115,087)
NHS 10,072,035,344 4,163,629 - 3,660,027 (73,201) 3,827,894 (114,837)
Scenario B
CLOP12 10,377,895,363 4,236,359 20,494 3,717,464 (74,349) 3,890,429 (116,713)
CLOP6 10,236,295,027 4,229,449 11,963 3,717,635 (74,353) 3,888,240 (116,647)
CLOP3 10,154,505,201 4,222,613 4087 3,714,887 (74,298) 3,884,129 (116,524)
CLOP1 10,044,958,670 4,195,806 3601 3,693,558 (73,871) 3,860,974 (115,829)
NHS 9,941,658,953 4,167,119 - 3,670,036 (73,401) 3,835,730 (115,072)

TABLE 93 Expected consequences of uncertainty for CLOP with alternative scenarios

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY

Expected Expected

ICER (£/  Incremental Probability consequences, Incremental Probability consequences,
Treatment  QALY) NHE,? QALYs (EM) cost-effective  QALYs (EM) NHE,? QALYs (EM) cost-effective  QALYs (EM)
Scenario A (base case)
CLOP12 18,663 495 (9.9) 0.524 5194 (103.9) 2798 (56.0) 0.677 3657 (109.7)
CLOPB 10,477 3465 (69.3) 0.180 4736 (94.7) 0.092
CLOP3 9396 3324 (66.5) 0.018 4305 (86.1) 0.009
CLOP1 4961 7502 (150.0) 0.075 8327 (166.5) 0.052
NHS - - 0.202 - 0.170
Scenario B
CLOP12 20,494 —171 (-3.4) 0.435 3969 (79.4) 2189 (43.8) 0.564 2871 (86.1)
CLOP6 11,963 2747 (54.9) 0.327 4110 (82.2) 0.268
CLOP3 4087 21,329 (426.6) 0.237 23,155 (463.1) 0.168
CLOP1 3601 23,522 (470.4) 0.001 25,244 (504.9) 0.000
NHS - - 0.000 - 0.000

a For scenario A, the incremental NHE represents the mean additional population NHE of moving from the least to the most effective alternative.
For simplicity, in scenario B the order of treatments was maintained the same as that in scenario A.

Point 4: Is research possible with approval?
The fourth point on the checklist requires an assessment of the type of evidence that is needed
and a judgement of whether or not the research required to generate it can be conducted
while the technology is approved. Although the decision at this point does not lead directly
to guidance, it does determine whether AWR or OIR recommendations are possibilities. This
judgement will depend, in part, on whether or not the type of evidence that is needed will require
an experimental research design. For example, more precise estimates of relative treatment
effect are likely to require a RCT if the dangers of selection bias are to be avoided. However,
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FIGURE 61 Expected consequences of uncertainty with alternative scenarios: CLOP case study.
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FIGURE 62 Expected consequences of uncertainty with alternative scenarios: CLOP case study.

further RCTs for this particular indication and patient group are unlikely to be possible once a
technology is approved for widespread NHS use.

This assessment requires judgements about (1) how important particular types of parameters
(inputs to the economic model) are to estimates of cost and QALYs, (2) what values these
parameters would have to take to change a decision based on expected cost-effectiveness, (3) how
likely it is 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 NHEs if the uncertainty in the values of
these parameters could be immediately resolved.

Assessing the importance of parameters
The type of economic model used to estimate expected cost-effectiveness in NICE appraisal

specifies the relationship between the inputs (the parameters) and the outputs (costs and QALYs).

A simple summary of the direction and strength of these relationships can be provided by
calculating elasticities for each, that is, the proportionate change in the NHEs of each alternative,
and differences in NHEs, owing to a 1% change in the value of the parameter. The elasticities
regarding parameters of the CLOP case study are presented in Table 94. Those parameters with
high elasticities in absolute value (especially with respect to differences in NHEs) might be
regarded as more ‘important’; see as an example the elasticity for RR_death.
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TABLE 94 Elasticity for small changes (1%) in mean parameter values: CLOP case study

Elasticity over the incremental

Elasticity over the NHEs (QALYs) of NHEs (QALYs) of
CLOP12  CLOP12  CLOP12
Parameter CLOP12  CLOP6 CLOP3 CLOP1 NHS vsNHS  vsCLOP6 vsall®
Natural 1 P_die_0.1 -0208 0207  -0.207 0207 @ -0.222 0.014 - 0.003
history 2 P_.NFMI_O.1 0012  -0.012  -0.011 —0.011 -0.015 0.004 - -
3 P_de13 -0137 0137 0137  -0.147  -0.145 0.008 - 0.004
4 P.NFMI_13  -0.002  -0.002  -0.002  -0.002  —0.002 0.001 - -
5  P_die_36 0146  -0.146  -0.157  -0.157  -0.154 0.008 - 0.007
6  P_NFMI_36  -0.005  -0.005  -0.007  -0.007  -0.007 0.002 - 0.001
7 P_die_6.12 0148 0159  -0.158  -0.157  -0.155 0.007 0.011 0.010
8  P_NFMI_6.12 -0.005  -0.007  -0.007  -0.007  -0.007 0.002 0.002 0.002
9  TPAC -0.121 -0120  -0120  -0.120  -0.118  -0.003  —0.001 -0.002
10 TP_AD 3637 3622  -3.604 3594 3541 -0.09  -0016  -0.047
11 TP_CD 0233 0235 0239 0240  -0.253 0.020 0.002 0.009
12 TP_BD 0586  -0.593  -0.602  -0.605  —0.641 0.055 0.007 0.024
Utilities 13 U_Well 0.746 0.745 0.743 0.742 0.737 0.009 0.001 0.004
14 U_Welll 6.090 6.064 6.034 6.017 5.929 0.160 0.026 0.079
15 U_NFMI 0.133 0.134 0.136 0.136 0.144  —0.011 -0.001 -0.005
16 U_PostMI 1.138 1.150 1.165 1.171 1236  -0.099  -0.012  -0.043
Relative 17 RR_death —0639  —0.491 0344  -0.207 - —0.641 -0.150  —0.380
effect 18 RR_NFMI -0.024  -0018  -0.013  -0.011 - -0.025  -0.006  -0.014
Costs 19 C_Well -0740 0737  -0.733  -0.731 -0720 0019  -0.003  -0.009
20 C_MILT —0.051 -0.052  -0.053  -0.053  -0.056 0.004 0.001 0.002
21 C_PostMI 0142 0143 0145  -0.146  -0.154 0.012 0.002 0.005
22 TC_Wel_Dead -0.027  -0.027  -0.027  —0.027  —0.027 - - -
23 C._t1 —0.045 - - - - 0045  -0.045  -0.045
24 C_t2 - -0.033 - - - - 0.033 0.008
25 (.13 - - -0.026 - - - - 0.007
26 C_t4 - - - -0.022 - - - 0.005
27 Ct5 - - - - —-0.016 0.016 - 0.004

C, cost; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual transition probabilities between states [well (A), post M

(B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U, utility.

a A weighted average of the NHEs of the remaining treatments was used. The weights reflect the probabilities of each treatment being cost-
effective.

Although these measures of importance are more instructive than a series of arbitrary one-way
sensitivity analyses, it does not directly help the assessment of what values parameters must
take to change decisions and how likely such values might be. A simple summary of the values
that particular parameters must take to make each of the alternatives cost-effective can also be
provided. For CLOP this information is in Table 95. It shows, for example, that if P_die_0.1 is
>0.10, treatments other than 12 months of treatment with CLOP are deemed cost-effective.
However, although instructive, such ‘threshold values’ do not indicate how likely it is that a
threshold will be crossed or the combined effect of groups of related parameters.

Assessment of uncertainty
The judgement about how likely it is that parameters might take values that will change the
technology expected to be cost-effective can be informed by the results of probabilistic analysis.
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TABLE 95 Range of parameter values to make each alternative cost-effective

Parameter Mean value  CLOP12 CLOP6 CLOP3 CLOP1 NHS
Natural 1 P_die_0.1 0.032 01t00.10 0.11100.54 0.54100.63 0.63101 -
history 2 P_NFMI_0.1 0.040 0t00.14 0.1410 0.71 0.71100.82 0.82t01 -

3 P_die_1.3 0.022 01t00.10 0.1010 0.55 0.551t0 1 - -

4 P_NFMI_1.3 0.004 0t00.10 0.10100.7 0.7101 - -

5 P_die_3.6 0.023 0.01100.10  0.10t0 1 010 0.01 - -

6 P_NFMI_3.6 0.011 0t00.11 0.11t01 - - -

7 P_die_6.12 0.024 0.02t0 1 0100.02 - - -

8 P_NFM_6.12  0.009 0.005to 1 0t0 0.005 - - -

9 TP_AC 0.018 0100.06 0.06t0 1 - - -

10 TP_AD 0.072 0100.08 0.08100.10 - - 0.10to0 1

11 TP_CD 0.188 0.12t0 1 0t00.12 - - -

12 TP_BD 0.070 0.06t0 1 0.04 t0 0.06 - - 010 0.04
Utilities 13 U_Well 0.798 0.29t0 1 0100.29 - - -

14 U_Wellt 0.930 0.90t0 1 0.74 10 0.90 - - 0t00.74

15 U_NFMI 0.801 0to1 - - - -

16 U_PostMI 0.931 Oto1 - - - -
Relative 17 RR_death 0.931 0100.93 0.94 10 0.97 09710098 0.98t00.99 1.00to max.?
effect 18 RR_NFMI 0.710 0100.82 0.8310 1.55 15610183 - 1.84 to max.?
Costs 19 C_Well 2061.5 0 to 2690 2690 to 5611 - - 5611 to max.®

20 C_MI_LT 6050 0 to max.? - - - -

21 C_PostMI 2309.7 870to max:  0t0870 - - -

22 TC_Wel_Dead 8715 01020474  20474tomax: — - -

23 C.fl 895.1 010910 910 to max.? - - -

24 C_t2 651.6 630tomax:  0to630 - - -

25 C.t3 524.2 370t max: - 010370 - -

26 C_t4 434.8 150 to max2 - - 0o 150 -

27 C_t5 329.8 0 to max. - - - -

C, cost; max., maximum; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual transition probabilities between states

[well (A), post MI (B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U, utility.

a An upper bound was used in evaluating unbounded parameters: relative risk parameters were evaluated to a maximum value of 50 and cost
parameters were evaluated to a maximum value of £100,000.

This is because the distributions assigned to parameters in PSA describe how uncertain the
parameter estimates are, such that they ought to reflect the amount and quality of exiting
evidence. The probabilities that each parameter might take values that would lead to each of

the alternatives being cost-effective are reported for the CLOP case study in Table 96. This
essentially decomposes the overall probabilities reported in Table 91 into the contribution that
each parameter makes." Interestingly, it indicates that it is uncertainty in the estimates of relative
effect (RR_death, parameter 17) that contributes most to the probability of error associated

with 12 months of treatment. It is the only parameter that might take values which could make
any of the other alternatives cost-effective. To better visualise this, the histogram in Figure 63,
showing the distribution of values that this parameter may take, is shaded to highlight the ranges
of values that lead to different adoption decisions. Despite contributing to decision uncertainty,
we are still unclear on whether or not there are significant consequences from these shifts in the
adoption decision.
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TABLE 96 Probabilities associated with parameter values: CLOP case study

Parameter CLOP12 CLOP6 CLOP3 CLOP1 NHS
Natural history 1 P_die_0.1 1 - - - -
2 P_NFMI_0.1 1 - - - -
3 P_die_1.3 1 - - - -
4 P_NFMI_1.3 1 - - - -
5 P_die_3.6 1 - - - -
6 P_NFMI_3.6 1 - - - -
7 P_die_6.12 0.65 0.35 - - -
8 P_NFMI_6.12 0.91 0.09 - - -
9 TP_AC 1 - - - -
10 TP_AD 0.83 0.17 - - -
11 TP_CD 1 - - - -
12 TP_BD 0.85 0.15 - - -
Utilities 13 U_Well 1 - - - -
14 U_Well1 0.94 0.06 - - -
15 U_NFMI 1 - - - -
16 U_PostMI 1 - - - -
Relative effect 17 RR_death 0.55 0.18 0.01 0.10 0.16
18 RR_NFMI 0.97 0.03 - - -
Costs 19  C_Well 0.78 0.19 - - 0.03
20 C_MLLT 1 - - - -
21 C_PostMI 0.89 0.11 - - -
22 TC_Well_Dead 1 - - - -
23 C_t1 0.95 0.05 - - -
24 C_t2 0.99 0.01 - - -
25 C_t3 1 - - - -
26 C_t4 1 - - - -
27 C_t5 1 - - - -

C, cost; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual transition probabilities between states [well (A), post Ml
(B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U, utility.
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FIGURE 63 Histogram of the values of parameter RR_death: CLOP case study.
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What type of evidence is needed?

Although an understanding of uncertainty and the importance of parameters separately is
helpful, an assessment of the likely consequences of this uncertainty, and therefore what might
potentially be gained in terms of population NHEs if uncertainty could be immediately resolved,
is required. This assessment can directly inform the judgement of what evidence is needed

and whether the type of research required to generate it will be possible with approval. As in

the section on Point 3: Does more research seem worthwhile?, the results of PSA can inform

this judgement as estimates of the expected consequences of uncertainty associated with each
parameter combine both uncertainty in their potential values and their importance in terms

of changing decisions and differences in NHEs. The distribution of consequences owing to
uncertainty in specific parameters is illustrated for the parameter RR_death in Figure 64. There
is a likelihood of 45% of values of RR_death leading to 12 months of treatment with CLOP not
being the correct decision (100% — 55%; see Table 97). The average over this distribution provides
the expected consequences of uncertainty for the parameter RR_death, which in this case is 4433
QALYs (or £88.7M).

The expected consequences of uncertainty associated with each parameter in the CLOP case
study are reported in Table 97. This decomposes the overall expected consequences reported in
Table 93 into the contribution that each parameter makes and which other alternatives might
offer higher NHEs than 12 months of treatment.’ It confirms that it is uncertainty in the estimates
of relative effect (RR_death) that contributes most and for which there is potentially the most to
be gained by resolving this uncertainty through additional research (4433 QALY or £88.7M).

Because more precise estimates of relative effects are likely to require a RCT, a judgement that the
type of research needed will not be possible if 12 months of treatment with CLOP is approved
may be reasonable. However, the potential benefits of resolving the uncertainty associated with
other groups of parameters, for example costs and natural history (Table 98), might mean that
other types of cheaper, non-experimental research could be worthwhile as well

Implications of between-scenario uncertainty

In Point 3: Does more research seem worthwhile?, Alternative scenarios the contribution that
alternative scenarios might make to the overall expected consequences of uncertainty and
therefore the potential gains from further evidence was considered and discussed. In situations
in which more than one scenario might be regarded as credible there will be uncertainty between
as well as within each of the scenarios. It was demonstrated that an assessment of the combined

O 5:-NHS
1:0.55 0 4:-CLOP1
4:0.09 @ 3:-CLOP3
3:<0.01 @ 2:-CLOP6
2:0.19 = 1:-CLOP12
5:0.06
5004 5002 5001 _
:0. :0. 5:<0.01  5:<0.01
CC ———
0- 10,000-  20,000-  30,000- 40,000~  50,000-  60,000-
0 10,000 20,000 30,000 40,000 50,000 60,000 80,000

Expected consequences (QALYSs)

FIGURE 64 Distribution of consequences due to uncertainty in RR_death in the CLOP case study.
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TABLE 97 Consequences of uncertainty associated with parameter values: CLOP case study

Expected consequences (QALYs)

Decomposed by treatment choice

Parameter CLOP12 CLOP6 CLOP3 CLOP1 NHS Overall
Natural history? 1 P_die_0.1 0 - — - - 0
2 P_NFMI_0.1 0 - - - - 0
3 P_die_1.3 0 - - - - 0
4 P_NFMI_1.3 0 - - - - 0
5 P_die_3.6 0 - - - - 0
6 P_NFMI_3.6 0 - - - - 0
7 P_die_6.12 0 250 - - - 250
8 P_NFMI_6.12 0 9 - - - 9
9 TP_AC 0 - - - - 0
10 TP_AD 0 47 - - - 47
11 TP_CD 0 - - - - 0
12 TP_BD 0 35 - - - 35
Utilities? 13 U_Well 0 - - - - 0
14 U_Well1 0 10 - - - 10
15 U_NFMI 0 - - - - 0
16 U_PostMI 0 - - - - 0
Relative effectt 17 RR_death 0 284 16 518 3614 4433
18 RR_NFMI 0 3 - - - 3
Costs? 19 C_Well 0 153 - - 321 474
20 C_MI_LT 0 - - - - 0
21 C_PostMI 0 8 - - - 8
22 TC_Well_Dead 0 - - - - 0
23 C_t1 0 8 - - - 8
24 C_t2 0 0 - - - 0
25 C_t3 0 - - - - 0
26 C_t4 0 - - - - 0
27 C_t5 0 - - - - 0

C, cost; P, probability of events in the short-term decision tree; RR, relative risk; TP, annual transition probabilities between states [well (A), post M

(B), MI (C), dead (D)] of a Markov model characterising long-term progression of disease; U, utility.

a Expected consequences for groups of parameters are (1) natural history: 369 QALYs (£7.4M); (2) utilities: 15 QALYs (£0.3M; (3) relative effect:
4504 QALYs (£90.1M); (4) costs: 547 QALYs (£10.9M). These are not equal to the sum of expected consequences for component parameters.

TABLE 98 Consequences of uncertainty associated with groups of parameters: CLOP case study

Group of parameters

Expected consequences, QALYs (£M)

Natural history
Relative effects
Utilities

Costs

369 (7.4)
4504 (90.1)
15 (0.3)
547 (10.9)
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consequences of both sources of uncertainty requires ‘weights’ (probabilities) to be assigned to
represent their credibility, which can then be applied directly to the simulated output from PSA
(see Appendix 11, Why averaging scenarios may be misleading). However, the same analysis can
also be used to identify the expected consequences of uncertainty associated with the alternative
scenarios themselves, that is, what might be gained if evidence could immediately distinguish
which scenario was ‘true’ This can help to inform the assessment of what type of evidence
might be needed and whether the research required to generate it is likely to be possible once a
technology is approved for widespread NHS use.

In the CLOP analysis, scenarios A and B (treatment effect was constant or differed by treatment
duration respectively) were associated with expected consequences of uncertainty of 5195

and 3969 QALYs respectively (Table 99 and see Point 3: Does more research seem worthwhile?,
Alternative scenarios). If both scenarios were regarded as equally likely, the overall expected
consequences of uncertainty (combining consequences within and between scenarios) would
be 4667 QALYs. However, the expected consequences of uncertainty associated with the two
alternative scenarios themselves and what might be potentially gained if the uncertainty between
them could be immediately resolved is relatively modest at 85 QALYs, that is, most of what
might be gained from further evidence is associated with the parameters in Table 97 rather than
the alternative scenarios. This suggests that more evidence about the overall relative effect on
mortality is more important than resolving uncertainty about whether such an effect differs by
treatment duration.

Types and categories of guidance resulting from points 3 and 4
Points 3 and 4 of the checklist are critical because if research is not judged to be worthwhile then
no further assessments are required. In the case of CLOP, more research appears to be worthwhile
and the expected consequences of uncertainty are high.

In CLOP, research was not considered possible with approval. It is research that would provide
more precise estimates of the relative effect of CLOP and of shorter treatment durations that is
potentially valuable (see Point 4: Is research possible with approval?). As a consequence, the type of
experimental design that is likely to be needed is unlikely to be possible if 12 months of treatment
with CLOP is already approved for widespread NHS use.

Table 100 summarises the categories and types of guidance that could ultimately result from the
sequence of assessments up to point 4.

TABLE 99 Expected consequences of uncertainty when scenarios are equally likely

Consequences of uncertainty on QALYs (£M)
Parameters, within scenario A (base case) 5194 (103.9)
Parameters, within scenario B 3969 (79.4)
Parameters, considering between-scenario uncertainty 2356 (47.1)
Between-scenario uncertainty, considering uncertainty within scenarios 85(1.7)
Parameters and scenario uncertainty 4667 (13.3)

TABLE 100 Types and categories of guidance that could ultimately result from assessments 3 and 4

Assessment 1 2 3 4 5 6 7 Guidance
3 Yes No Yes No Yes/no Yes Yes Approve?
4 Yes No Yes No Yes/no Yes No OIR'

5 Yes No Yes No Yes/no No - Approve®
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Do the benefits of research exceed the costs?

Point 5: Will other sources of uncertainty resolve over time?
The fifth point on the checklist requires an assessment of whether or not changes are likely to
occur in the future that will influence the cost-effectiveness of the alternative technologies and
the potential benefits of research, that is, at the following point in the algorithm:

(Assess other sources of uncertainty)

Will this
uncertainty be resolved
over time?

No

This assessment requires information about (1) changes in the prices of the technology and its
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 to inform this assessment for each case
study (the full details of the sources and searches conducted are reported in Appendix 4).

Changes in the prices of the technology and its comparators

Changes in prices influence not only expected cost-effectiveness but also uncertainty and the
potential benefits of research to future patients, for example if the price of a technology expected
to be cost-effective is likely to fall significantly just before research reports the potential benefits
will not be realised because approval of the technology will be less uncertain and there may be
much less or little to gain from the results of the research. This assessment requires information
about when major changes in prices are likely and some evidence about the likely extent of any
changes. A major event in the life cycle of a pharmaceutical technology is the date at which

the patient expires and cheaper generic versions of the brand become available. At the time

of TA80'* the patent for CLOP was expected to expire 7 years later and subsequent analysis
assumes that at that time equivalent generic prices will be 25% of the original price of CLOP at
the time of TA80.F

Entry of new technologies

The entry of a new technology may make the existing technology that is expected to be cost-
effective obsolete (no longer the most cost-effective alternative). Even when it does not, it will
tend to change the relative cost-effectiveness of the alternatives, influencing how uncertain a
decision to approve the original technology will be for future patients and the potential gains
from research. The information that was available indicated that one new technology relevant
to CLOP might have been expected to enter. Information about this technology was limited so
scenarios are used in Point 6: Are the benefits of research greater than the costs? to explore the
implications for CLOP.

Other research reporting the technology and its comparators

Research that is already under way, commissioned or likely to be undertaken, whether in the UK
or elsewhere, is relevant for the reasons discussed in this section. Despite an assiduous search no
records relevant to CLOP were identified.
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Point 6: Are the benefits of research greater than the costs?
The sixth point on the checklist requires a judgement of whether or not the potential benefits of
conducting further research (initially considered at point 3) are likely to exceed the costs, that is,
at the following point in the algorithm:

Will research be conducted?
When will it be available?
How much will be resolved?

I
[ Reassess the benefits and costs ]

of further research

Are the
benefits of research greater
than the costs?

No

This requires an assessment of (1) whether or not the type of research that is required is likely
to be conducted, (2) if conducted, when the results are likely to be available, (3) how much
uncertainty is likely to be resolved and (4) the likely impact of other sources of uncertainty
(identified in Point 5: Will other sources of uncertainty resolve over time?) on the longer-term
benefits of research.

Will the research be conducted?

Even if research is recommended in OIR or AWR, it might not be undertaken by manufacturers
or commissioned by research funders. Even if undertaken or commissioned, there is no
guarantee that research will be able to recruit or it may not complete for other reasons. The
expected consequences of uncertainty for CLOP reported in Point 3: Does more research

seem worthwhile? are illustrated in Figure 65 for a range of probabilities that research will

be successfully undertaken. This indicates that the potential gains depend on a judgement

of whether the research recommended as part of OIR will be successfully completed. It also
illustrates that the cost of research (in this case considered to be either £1.5M or £10M) can

be compared directly with the potential benefits by either expressing the potential gains in
population NHE:s as the equivalent NHS resources (i.e. the resources that would be required to
generate the same NHEs) or expressing the cost of research in terms of the QALYs that could be
gained elsewhere in the NHS by using the same resources to provide access to health care.

When will it be available?

Research, even if commissioned and successfully completed, will take time to complete and
report; therefore, any assessment of the potential benefits should account for the fact that patient
populations will not benefit from the results of research until they are available. Whether or not
those patients who are prevalent while research is under way will be able to benefit from the
results will depend on whether or not treatment decisions for presenting patients are irreversible
(see Point 2: Are there significant irrecoverable costs?). In the CLOP case study, because the
indication is acute, it is only those patients who are incident after the research reports who

will realise any of the potential benefits. Treatment decisions are thus irreversible in the CLOP
case study.
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The potential value of research in CLOP over a range of possible time horizons for research to
report is reported in Figure 66. How long research might take to report will depend in part on
the design (follow-up, sample size and end points), recruitment rates and size of the eligible
patient population, as well as on how efficient the organisation and data collection might be. The
potential value of further research declines with the time to research reporting. This relationship
gives some indication of the value of improving the timeliness of research through, for example,
investment in research infrastructure or by adopting a research design that, although offering less
potential benefits, can be conducted more quickly.

How much will be resolved?

Most research will not inform all of the parameters that determine expected costs and QALYs but
usually a subset of them; therefore, the potential benefits of research that might be conducted will
not be the total expected cost of uncertainty surrounding expected cost-effectiveness but some
part of it. Earlier the potential benefits of different types of evidence were assessed. In the CLOP
case study it was additional evidence about relative treatment effects that was most valuable and
therefore experimental research may be required to provide more precise estimates of RR_death.
The potential value of research that resolved uncertainty only about this relative treatment effect
over a range of times to report is also represented in Figure 66. Although the potential value of
research is lower at every time point, unless research is likely to take > 8 years the potential value
is still likely to exceed the costs. Table 101 reports the potential benefits of research for groups of
parameters by time to report.

Expected consequences (£M)
0 40 80 120

Y
Costs of research
£1.5M (75 QALYs)

0.5 4 —
Costs of research
£10M (500 QALYs)

Probability of research

0 2000 4000 6000
Expected consequences (QALYSs)

FIGURE 65 Expected potential benefits of research: CLOP case study.
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FIGURE 66 Potential value of research by time to report: CLOP case study.
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TABLE 101

Potential value of research by time to report: CLOP case study

Potential value of research, QALYs (£M)

Time until research Scenario
reports, years Natural history Relative effects Utilities Costs uncertainty
Immediately 369 (7.4) 4504 (90.1) 15(0.3) 547 (10.9) 85(1.7)
1 326 (6.5) 3981 (79.6) 13(0.3) 483 (9.7) 75(1.5)
2 285 (5.7) 3475 (69.5) 12 (0.2 422 (8.4) 65(1.3)
3 245 (4.9) 2987 (59.7) 10 (0.2 363 (7.2) 56 (1.1)
4 206 (4.1) 2515 (50.3) 8(0.2) 305 (6.1) 47 (0.9)
5 169 (3.4) 2059 (41.1) 70.1) 250 (5.0) 39(0.8)
6 133 (2.7) 1618 (32.4) 5(0.1) 197 (3.9 30 (0.6)
7 98 (1.9 1193 (23.9) 4(0.1) 145 (2.9) 22 (0.5)
8 64 (1.3) 781 (15.6) 3(0.1) 95(1.9) 15(0.3)
9 31(0.6) 384 (8) 1(0) 47 (0.9) 70.1)

What is the impact of other sources of uncertainty?

In Point 5: Will other sources of uncertainty resolve over time? the information that was publically
available identified that the patent for CLOP was due to expire 7 years after the appraisal. Based
on the OFT estimate that generic prices tend to be 25% of the original brand price,'? this other
source of uncertainty that will resolve over time can be integrated quantitatively when estimating
the potential value of research over the lifetime of the technology. In this case a significant fall

in price in year 7 will substantially reduce the uncertainty surrounding 12 months of treatment
with CLOP. Therefore, after year 7 there is less to be gained from resolving uncertainty and so
the potential and value of research findings for patients who are incident after year 7 are thereby
reduced. The effect of a price change on research that could potentially resolve all uncertainty
(costs, natural history and utilities as well as relative effect) is also illustrated in Figure 66. The
potential value of the research is lower whenever the research reports. This is because after the
price reduction the value of research is lower, and calculations include the value to future as

well as current patient populations. Nevertheless, even if research did not report until 7 years

the potential value (676 QALY or £14M) is likely to exceed the costs. The impact of the time of
introduction of the discount is analysed in Table 102. This shows that if both the price change and
research reporting are immediate the value of research is 2552 QALY (or 51M).

There was some evidence of the possible entry of a new technology (comparator) in the
indication described in the CLOP case study; however, there was limited information on its
characteristics. Therefore, two alternative but somewhat extreme scenarios are illustrated in
Figure 67. In scenario A the new technology enters at year 5 and makes CLOP entirely obsolete,
that is, not cost-effective and not uncertain — equivalent to a shorter technology horizon of

5 years. At this point there is no value in the evidence generated by research about CLOP! In
these circumstances the potential value of research is likely to exceed its costs only if it reports
quickly. In scenario B the new technology has similar NHEs to 12 months of treatment with
CLOP™ and the uncertainty surrounding its expected cost-effectiveness is also similar. Now
research about CLOP has more potential value in the future because it will also help resolve some
of the uncertainty in the choice between CLOP and the new technology for patients who become
incident after that time.

Tables 103 and 104 evaluate alternative times of introduction of the new technology in scenarios
A and B, given a change in the price of CLOP at year 7 because of patent expiry.
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TABLE 102 Potential value of research by time to report for a range of patent expiry times: CLOP case study

Value of research for possible times of patent expiry, QALYs (£M)

Time until
research No Immediate
reports, price price
years change 9years 8years 7years 6Gyears 5years 4years 3years 2years 1year change
Immediately 5194 4969 4736 4495 4245 3986 3719 3442 3156 2859 2552 (51)
(104) (99) (95) (90) (85) (80) (74) (69) 63) (57)
1 4591 4366 4132 3891 3641 3383 3116 2839 2552 2256 2256 (45)
92) 87) (83) (78) (73) (68) (62) (57) (61) (45)
2 4008 3783 3549 3308 3058 2800 2533 2256 1969 1969 1969 (39)
(80) (76) (71) (66) 61) (56) (61) (45) (39) (39)
3 3444 3219 2986 2745 2495 2237 1969 1692 1692 1692 1692 (34)
69 (64) (60) (65) (60) (45) 39 (34) (34) (34)
4 2900 2675 2442 2201 1951 1692 1425 1425 1425 1425 1425 (28)
(58) (63) (49) (44) (39 (34 (28) (28) (28) (28)
5 2374 2149 1916 1675 1425 1167 1167 1167 1167 1167 1167 (23)
47) (43) (38) (33) (29) (23) (23) (23) (23) (23)
6 1866 1641 1408 1167 917 917 917 917 917 917 917 (18)
(37) (33) (28) (23) (18) (18) (18) (18) (18) (18)
7 1375 1150 917 676 676 676 676 676 676 676 676 (14)
(28) (23) (18) (14) (14) (14) (14) (14) (14) (14)
8 901 676 443(9) 44309 4439 443(9) 4439  443(9) 443(9) 4439 44309
(18) (14)
9 44309 218(¢4) 218(¢4) 218(4) 218(4) 218(4) 218(4) 218(4) 218(4) 218(4) 218(4)
= 1500 -
o
<
<]
© -
8 1000- No nevY technology
o - - Scenario A, new
ks technology year 5
(0] .
=] --+- Scenario B, new
g 5004 technology year 5
8
5
5 —_—
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Time to research reporting (years)

FIGURE 67 Potential value of research and other sources of uncertainty: CLOP case study. Assumes that a prince
change will occur at year 7 because of patent expiry.
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TABLE 103 Potential value of research by time to report for a range of times of entry of the new technology under
scenario A: CLOP case study

Time until Value of research for possible times of introduction of a new technology, QALYs (£M)

research

reports, Not Immediate
years introduced 9years 8years 7years 6years 5years 4years 3years 2years 1year introduction

Immediately 4495 (90) 4277 4052 3819 3328 2820 2294 1750 1186 603 0(0)
(86) 81) (76) (67) (56) (46) (35) (24) 12

1 3891 (78) 3674 3448 3215 2725 2216 1691 1146 583 00 00
73) (69) (64) (54) 44) (34) (23) (12)

2 3308 (66) 3091 2865 2632 2142 1633 1108 563 00 00 0()
62) (57) (53) 43) (33) 22) (11)

3 2745(55) 2527 2302 2069 1578 1070 544 00 00 00 00
(51) (46) 41) (32) 1) (1)

4 2201 (44) 1983 1758 1525 1034 526 00 00 00 00 00
(40) (35) (30) 21) (1)

5 1675(33) 1457 1232 999 508 00 00 00 00 00 0
(29 (29) (20) (10)

6 167 (23) 949 724 491 00 00 00 00 00 00 00

(19 (14) (10)

676 (14) 458 (9) 233(5) 0(0) 0(0) 0(0) 0) 0(0) 0(0) 0(0) 0(0)
443 (9) 225() 0(0) 0(0) 0(0) 0(0) 0(0) () 0(0 0(0) 0(0)
218 (4) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

TABLE 104 Potential value of research by time to report for a range of times of entry of the new technology under
scenario B: CLOP case study

Time until  Value of research for possible times of introduction of a new technology, QALYs (£M)

research
reports, Not Immediate
years introduced 9years 8years 7years 6years 5years 4years 3years 2years 1year introduction

Immediately 4495 (90) 18,020 32,018 46507 61253 76515 92311 108,660 127,024 146,030 165,701
(360)  (640)  (930) (1225 (1530) (1846) (2173)  (2541)  (2921)  (3314)

1 3801(78) 17416 31415 45904 60,649 75912 91,708 108,057 126420 145426 145426
(348)  (628)  (918)  (1213) (1518) (1834 (2161)  (2528)  (2908) (2908

2 3308(66) 16,833 30,832 45321 60,066 75328 91,125 107474 125837 125837 125837
(337)  (617)  (906)  (1201) (1507) (1822) (2149)  (2517)  (2517)  (2517)

3 2745(55) 16270 30,269 44757 59,503 74765 90,561 106910 106910 106,910 106,910
(325)  (605) (895  (1190)  (1495) (1811) (2138)  (2138)  (2138) (2139

4 2201 (44) 15726 29,724 44213 58959 74221 90,017 90,017 90,017 90,017 90,017
(314)  (594)  (884)  (1179)  (1484) (1800) (1800)  (1800)  (1800)  (1800)

5 1675(33) 15200 29,199 43687 58433 73695 73,695 73695 73695 73,695 73,695
(304)  (584)  (874)  (1169)  (1474)  (1474) (1474)  (1474) (1474  (1474)

6 1167(23) 14692 28690 43179 57,925 57925 57,925 57925 57,925 57,925 57,925
(94  (574) (864 (1159 (1159) (1159) (1159)  (1159)  (1159)  (1159)

7 676 (14) 14201 28200 42,688 42,688 42,688 42,688 42,688 42,688 42,688 42,688
(284)  (564)  (854)  (854)  (854)  (854)  (854)  (854)  (854)  (854)

8 443 (9) 13968 27,966 27,966 27,966 27,966 27,966 27,966 27,966 27,966 27,966
(79 (559  (560)  (560)  (560)  (560)  (560)  (560)  (560)  (560)

9 218 (4) 13743 13743 13743 13743 13743 13743 13743 13743 13743 13743

@75 (75 @75 (275 (275 (275  (279) (275) (275) (275)
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If the expected price reduction does not occur the potential value of research at each time point
for both scenarios increases, for example for scenario B from 165,701 with a price change at year
7 to 174,519 QALYs without a price change when research is immediately available.”

The potential value of research presented in these figures, even after accounting for the type

of evidence, follow-up and time until research reports, should still be regarded as an upper
bound to the value that is likely to be realised by actual research for two reasons: (1) even well-
designed research with large sample sizes will not fully resolve the uncertainty in the value that a
parameter might take, especially in specific target populations and in a particular (future) context
and (2) insofar as implementation of NICE guidance is not ‘perfect’ and all clinical practice might
not immediately respond to the results of research, the full benefits will be realised only over time
or with additional implementation efforts. For these reasons a judgement of whether benefits

of research are likely to exceed the costs might be made conservatively, requiring evidence that,
even in pessimistic scenarios, the research would still be worthwhile.

Types and categories of guidance resulting from points 5 and 6
The judgements made at points 5 and 6 of the checklist are critical because if the benefits of
research are not judged to exceed the costs then no further assessment is required. In the CLOP
case study, other sources of uncertainty will resolve over time, but the benefits of research
still seem likely to be greater than the costs. Table 105 summarises the categories and types of
guidance that could ultimately result from the sequence of assessments up to point 6.

Are the benefits of approval greater than the costs?

Point 7: Are the benefits of approval greater than the costs?
The seventh and final point on the checklist requires an assessment and comparison of the
benefits and costs of early approval. The costs of approval are not financial ones but opportunity
costs and will include the potential value of any research that may be forgone as a consequence,
for example if the research needed cannot be conducted once the technology is approved for
use. They will also include any costs that are irrecoverably committed by approval. As well as
the capital costs of equipment and facilities (or training and learning), they will also include
the irrecoverable opportunity costs of initially negative NHEs (if treatment decisions are not
irreversible - see the discussion in Point 1: Is it expected to be cost-effective?). A judgement
of whether or not the benefits of approval and early access for current patients are likely to
exceed the opportunity costs for future patients is required, that is, at the following point in
the algorithm:

Assess the benefits and costs of
early approval

Are the
benefits of approval greater
than the costs?

No

The decision at this point always leads directly to guidance, allocating all remaining possible
pathways to a particular type and category of guidance.
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An OIR recommendation is more likely to offer greater expected NHEs than approve if the
research can be conducted quickly and report sooner, as fewer patients forgo access to CLOP and
more can have treatment choice informed by the research findings. This is illustrated in Figure 68,
which reports the difference between approve and OIR° in population NHEs over a range of
times for when the research recommended in OIR might report. (Under OIR access to CLOP

is not granted until research reports. In calculations we assumed that, before research reports,
patients accrue an average NHE estimated using treatments other than CLOP. In averaging
weights derived from the PSA results were used.) This takes account of both the expected changes
in price at year 7 and research costs of £10M. It shows that OIR will be appropriate only if the
research reports within 3 years of appraisal (T* =3) because beyond this time the NHEs forgone
by withholding access to CLOP will exceed the potential gains to future patients.P

The trade-off between NHEs for current and future patients that lies behind Figure 68 is
illustrated in Figure 69 using undiscounted values for ease of exposition. It illustrates the (per-
period) population NHEs of approval and OIR if the research recommended as part of OIR
reports at year 3. At this point, the initial losses of NHEs, caused by restricting access to CLOP
(area A), start to be offset by the potential gains from the research findings (area B). The price
change at year 7 increases the NHEs of approval (i.e. CLOP is more cost-effective) but on balance
reduces the NHEs of OIR, that is, although CLOP is more cost-effective and offers greater NHEs
the evidence generated by the research reporting is less valuable because the choice of treatment
and duration is less uncertain. With research reporting at 3 years the initial losses of OIR (area A)
are just offset by the later gains (area B) so T* =3. If research reported earlier than 3 years (area

A <area B) OIR would be appropriate but if research reported later than 3 years (area A >area B)
approve would be more appropriate.

The investment profile of alternative policies on the use of CLOP to treat patients over 10 years

is illustrated in Figure 70 in relation to rejecting CLOP. As expected, all regimens start by having
initial losses (in OIR policies this is because of the initial investment in research); however, in

TABLE 105 Types and categories of guidance that could ultimately result from assessments 5 and 6

Assessment 1 2 3 4 5 6 7 Guidance
3 Yes No Yes No Yes Yes Yes Approve?
4 Yes No Yes No Yes Yes No OR!
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FIGURE 68 Population NHEs of approve and OIR by time to research reporting: CLOP case study. Assumes that a
price change will occur at year 7 as a result of expiry of the patent.
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FIGURE 70 Time profile of approve and OIR: CLOP case study.

policies in which research reports earlier these initial losses are quickly compensated for by gains
obtained from better treatment decisions after research reports.

There is no guarantee that the research recommended as part of OIR guidance will be conducted
by manufacturers or commissioned by research funders. Even if it is, it is not certain that it will
be successfully completed (see discussion in Point 6: Are the benefits of research greater than

the costs?). Therefore, the probability that research will report at a particular time also needs

to be considered. The implications of considering whether the recommended research will be
conducted and when it might report are illustrated in Figure 71, which presents a boundary for
when OIR might be appropriate or when approval should be granted. For example, if research is
certain to report but will take 4 years, or when it will only take 1 year but has only a 50% chance
of reporting, then OIR would not be appropriate and 12-month treatment with CLOP should be
approved, that is, these points fall to the north-east of this boundary. Points to the south-west of
the boundary indicate that OIR might be appropriate.

However, the estimates of the potential value of research on which these boundaries are based
are still likely to overestimate the value that will be realised by research (see discussion in Point
6: Are the benefits of research greater than the costs?); they represent a necessary condition for
OIR. Therefore, OIR guidance should require a conservative judgement that the point is almost
certain to be below the boundary, rather than on balance close to it. For the same reason, points
anywhere above the boundary represent a sufficient condition for approval. The boundary
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when the change in price is included is to the south-west, reflecting the lower potential value

of research, and OIR guidance, once CLOP becomes more cost-effective (see Figure 71). In

this case it seems unlikely that the type of research required could report quickly enough and
with sufficient confidence that OIR would be appropriate. Therefore, these assessments would
support a judgement that the benefits of approval are likely to exceed the opportunity costs, and
‘Approve? (pathway 3 for CLOP) would be more appropriate.

The assessments that have been undertaken for CLOP can be brought together to consider (1)
what would be the value of being able to conduct research while CLOP is approved and (2)
what would be the value of making evidence that is needed by the NHS available at launch.
These questions can be informed by the results already presented elsewhere but also reported in
Table 106.

The difference in population NHEs between AWR (if it had been possible) and the next best
feasible policy (i.e. OIR for T < T*=£30M and approve T >T*=£4M) represents the value to the
NHS of being able to conduct research while CLOP is approved for use, for example informing
whether investment in better data collection, registries or information systems might make this
possible. The difference in population NHEs between the case when all uncertainty had been
resolved before appraisal (at launch) and the next best available policy (i.e. OIR for T < T* =£54M
and approve for T >T*=£80M) represents the value to the NHS of having access to the

evidence needed at launch. This can inform policies that might make better and more relevant
evidence available.

0.5 1
Without price change

/7

With price change

A

T
0 2 4 6 8 10
Time research reports (T; years)

Probability that research is conducted

FIGURE 71 An OIR or approve boundary: CLOP case study.
TABLE 106 Population NHEs over the technology time horizon for different policies: CLOP case study
Uncertainty Value of evidence at
Approve OIR AWR* Reject Value of AWR  resolved at launch launch
NHEs in QALYs
T<T*(T=2) 3,680,187 3,681,480 3,682,995 3,671,660 1515 3,684,181 2701
T>T(T=7) 3,680,187 3,675,487 3,680,362 3,671,660 175 3,684,181 3994
NHEs in £M
T<T*(T=2) 73,604 73,630 73,660 73,433 30 73,684 54
T>T(T=7) 73,604 73,510 73,607 73,433 4 73,684 80

AWR?*, the expected population NHEs if AWR was to become a possibility; T, time to research reporting; T*, time to research reporting at which the
NHEs of OIR and approve are equal.
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Types and categories of guidance resulting from point 7
The decision at this point always leads directly to guidance, allocating all remaining possible
pathways to a particular type and category of guidance. In CLOP, research was not considered
possible with approval (i.e. Approve® or ‘OIR"). It is research that would provide more precise
estimates of the relative effects of CLOP and of shorter treatment durations that is potentially
valuable (see Point 4: Is research possible with approval?). As a consequence, the type of
experimental design that is likely to be needed is unlikely to be possible if 12 months of treatment
with CLOP is already approved for widespread NHS use. Although treatment with CLOP does
commiit initially negative NHEs that are irrecoverable, these should not be regarded as significant
as the treatment decision for a presenting patient is irreversible in relevant time frames (see Point
2: Are there significant irrecoverable costs?). Therefore, AWR is not considered possible and so the
benefits of early access to 12 months of treatment with CLOP (approval) must be compared with
the potential value of OIR. The analysis of point 7 indicates that if research reports earlier than
3 years OIR would be appropriate; otherwise, approve would be more appropriate.



DOI: 10.3310/hta16460 Health Technology Assessment 2012; Vol. 16: No. 46

Appendix 9

Omalizumab for the treatment of severe
persistent allergic asthma in children
aged 6-11 years

Introduction

The use of OMAL for the treatment of severe persistent allergic asthma in children aged

6-11 years was not recommended by NICE following a STA appraisal (TA201'** in 2010). The
analysis compared OMAL as an add-on to standard therapy with standard therapy alone. The
primary analysis was based on a prespecified severe asthma population within an international,
multicentre, placebo-controlled RCT;"*¢ however, a high-risk subgroup within this population
(recent hospitalisation for an asthma exacerbation) was also identified post hoc.

Omalizumab was not found to be cost-effective in either the severe or the severe/high-risk
population. However, a RCT was recommended in section 6 of TA201"** comparing OMAL with
OCS in children to establish reduction in OCS use. The OMAL case study is used to demonstrate
how the key principles and assessments in section 5 could inform the development of guidance
for the use of OMAL. The following sections include a background to OMAL and a detailed
examination of the sequence of assessments and decisions that lead to a particular category and
type of guidance for OMAL. The analysis is from the standpoint of TA201; therefore, the case
study can be used to see what the decision would have been if the checklist had been used.

Background to the case study

Asthma affects approximately 1.1 million children in the UK'"’ and within this group there is

a small but very significant number of children with severe symptoms whose asthma control
remains poor despite best available therapy.'®® These children receive frequent or maintenance
doses of OCS together with other controller medications. Clinical guidelines specify that
treatment should aim to control asthma using the lowest possible OCS dose and, if possible, stop
OCS treatment completely.'®’

The scope for the STA appraisal was the clinical effectiveness and cost-effectiveness of OMAL,
within its licensed indication, for the treatment of severe persistent allergic asthma in children
aged 6-11 years. OMAL is licensed as an add-on to existing therapy in patients aged 6 to

<12 years with severe, persistent allergic immunoglobulin E (IgE)-mediated asthma whose
condition remains uncontrolled despite best standard care with high-dose inhaled corticosteroids
(ICS) and long-acting beta agonists. The independent ERG'" critiqued the evidence submitted by
the manufacturer on the clinical effectiveness and cost-effectiveness of OMAL.

Intervention and population
The population of interest is children aged 6-11 years with severe persistent allergic asthma.
Within this population, a high-risk subgroup is also identified, defined by a recent (within the
previous year) hospitalisation for an asthma exacerbation. A post hoc subgroup analysis was

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.

267



268 Appendix 9

conducted as part of the STA submission by using a subpopulation of patients in the main IA-05
trial.'* Both populations are considered in the case study analysis below. It is estimated that
there is an annual incidence of 307 children in the UK with severe persistent allergic asthma who
remain uncontrolled despite best available therapy and who would meet the criteria for therapy
with OMAL.'®

Omalizumab is administered by subcutaneous injection every 4 or 2 weeks. The permitted dosage
depends on body weight and baseline levels of IgE. Evidence of treatment effectiveness must be
observed at 16 weeks for treatment to be continued. Treatment duration on OMAL is assumed

to be 10 years.'® OMAL is compared as an add-on to standard therapy with standard therapy
alone. Lifetime treatment with standard therapy is considered. The analysis is conducted from

the perspective of the NHS and PSS and costs and outcomes are discounted at a rate of 3.5%

per annum.'

Evidence on clinical effectiveness
The evidence on clinical effectiveness is primarily based on the results of an international,
multicentre, placebo-controlled RCT in children aged 6-11 years with allergic asthma - study
IA-05."%¢ A subpopulation with more severe asthma was specified prospectively - referred to
as IA-05 EUP. The primary analysis was conducted in the IA-05 EUP population. A high-risk
subgroup (defined by a recent hospitalisation for an asthma exacerbation) was also specified
and a post hoc analysis of efficacy used - referred to as the EUP hospitalisation subgroup.
OMAL treatment was associated with a statistically significant reduction in the rate of clinically
significant exacerbations but not clinically significant severe exacerbations."® OMAL use has
been demonstrated to have only numerically small but statistically insignificant reductions in ICS
use. There is limited evidence of a reduction in OCS use with OMAL.

Decision model
The manufacturer’s STA submission included a Markov decision-analytic model. The model
comprised six health states: (1) day-to-day symptoms with OMAL, (2) day-to-day symptoms
with standard therapy, (3) clinically significant exacerbation, (4) clinically significant severe
exacerbation, (5) asthma-related death, and (6) death from all causes. The model has been
described in detail elsewhere.'®'! Patients start in the appropriate day-to-day symptoms state
based on treatment received. Treatment effectiveness was based on reduction in the rate of
exacerbations and quality of life as a result of day-to-day symptoms. Movement between states
was derived from the IA-05 EUP population'®® and three other studies.””*'** Adverse events were
not included in the model. Table 107 summarises the key parameters and sources used in the
decision model.

Lifetime costs and QALYs were determined by comparing lifetime standard therapy costs with
costs of 10 years of OMAL add-on therapy followed by standard therapy. Only patients who

were judged by physicians to have responded to OMAL after 16 weeks of therapy continued with
treatment; non-responders to OMAL reverted to standard therapy at 16 weeks. The 28-week
exacerbation rates (clinically significant and clinically significant severe) from IA-05 EUP were
annualised for standard therapy and OMAL responders.'*¢ Death because of asthma was based on
the probability reported by Watson et al.'** and varied by age.

Most inputs in the model were assumed to be uncertain and the model was run probabilistically
using Monte Carlo simulation (1000 simulations). Expected cost-effectiveness was determined
using these probabilistic results as established within the NICE appraisal process.* The use

of probabilistic analysis also allows uncertainty over model parameters to be translated into
uncertainty in the overall results.
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Key features and possible pathways
Omalizumab was not found to be cost-effective in either the severe or the severe/high-risk
population. However, a RCT was recommended comparing OMAL with OCS in children to
establish reduction in OCS use. This was made in section 6 of TA201;'?* therefore, OMAL is not
an example of OIR at FAD but an example of OIR considered during appraisal. OMAL provides
some interesting characteristics, which can be used to explore the implications of the principles
and assessments outlined in Chapter 5:

small patient population (approximately 300 children per annum) - rare condition
consideration of subgroup analysis (inclusion of a high-risk hospitalisation subgroup)

NICE decision to reject

RCT recommended comparing OMAL with OCS in children to establish reduction in use of
OCS in the FAD (but not an OIR decision).

The possible pathways through the algorithm that OMAL illustrates are reported in Figure 31 in
Appendix 4. OMAL is not expected to be cost-effective and there are no significant irrecoverable
costs. The following sections examine the points on the checklist relating to the possible sequence
of assessments and decisions that lead to a particular category and type of guidance for OMAL.

TABLE 107 Parameters of the decision model for OMAL

Parameter Mean value Distribution  Source

Treatment effectiveness

Exacerbation rate per person for initial 24 weeks

Standard therapy 1.939 Log-normal  1A-05 EUP data'®
OMAL 1.363 Log-normal  IA-05 EUP data’®
Exacerbation rates per year per person for OMAL 0.519 Log-normal  1A-05 EUP data'®
Percentage of exacerbations that are severe, OMAL 27.30% Beta IA-05 EUP data'®
Exacerbation rates per year per person for standard therapy 2.028 Log-normal  1A-05 EUP data'®
Percentage of exacerbations that are severe, standard therapy 22.90% Beta IA-05 EUP data'®
Proportion of OMAL responders 74.20% Beta IA-05 EUP data'®
Relative risk for exacerbations, OMAL responders 0.256 Log-normal  |1A-05 EUP data'®
Relative risk for exacerbations, non-responders (same as standard therapy) 1 Fixed IA-05 EUP data'®

Exacerbation-related deaths by age (same for OMAL and standard therapy)

0-11 years 0.09% Beta Watson et al. 2007'%
12-16 years 0.32% Beta Watson et al. 2007'%
17-44 years 0.38% Beta Watson et al. 2007'%
45+ years 2.47% Beta Watson et al. 2007'%
HRQoL

Utility for standard therapy and non-responders all ages 0.669 Beta Humbert et al. 2005'%
Utility for OMAL responders aged < 12 years 0.669 Beta Humbert et al. 2005'%
Utility for OMAL responders aged 12+ years 0.779 Beta Humbert et al. 2005'%
Utility for clinically significant exacerbation 0.572 Beta Lloyd et al. 2007"%
Utility for clinically significant severe exacerbation 0.326 Beta Lloyd et al. 2007'%

Resource use and unit costs
OMAL and standard therapy See STA submission'®  Fixed -
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Is it cost-effective and what are the risks?

Point 1: Is it expected to be cost-effective?

The sequence of assessments starts with cost-effectiveness and the expected impact on population
NHEs, that is, at the following point in the algorithm:

[ Assess cost-effectiveness and ]

population net health effects

No
Is it cost-effective?

Yes

Cost-effectiveness at the patient level

Table 108 summarises the expected cost-effectiveness of OMAL per patient treated. OMAL as an
adjunct to standard therapy is compared with standard therapy alone. The expected incremental
differences in lifetime costs and QALYs of OMAL relative to standard therapy are £55,682 and
0.5933 QALYs, respectively, giving an ICER of £93,844. The ICER for OMAL is greater than the
threshold of £20,000 per QALY;® therefore, OMAL is not expected to be cost-effective compared
with standard therapy alone. Consequently, the incremental NHE of OMAL is negative.

The per-patient investment profile for OMAL is illustrated in Figure 72 and shows that it is
always expected to offer negative NHEs compared with standard care over the entire patient time
horizon of 90 years, that is, the high costs of treatment are never compensated by future health
gains. In this example, the initial treatment costs with OMAL continue for 10 years (10 years

is assumed to represent the duration for which a patient would continue to receive treatment
with OMAL) with health effects predominately obtained while on treatment. OMAL does not
represent a ‘risky purchase’ but one that is simply not cost-effective at its current price.

Cost-effectiveness at the population level

Per-patient NHEs can also be expressed for the population of current and future patients. This
requires information about the prevalence and future incidence of the target population. It
also requires a judgement about the time horizon over which the technology will be used. It

TABLE 108 Expected cost-effectiveness of OMAL per patient treated

Treatment

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000
per QALY per QALY

ICER (£/ Incremental NHE, Incremental NHE,
Cost(£) QALYs QALY) NHE, QALYs (£) QALYSs (£) NHE, QALYs (£) QALYs (£)

OMAL +standard 94,992  16.64 93,844  11.8861 (237,721) -2.1908 (-43,815)  13.4693 (404,078) —1.2627 (-37,882)

care

Standard care 39,310 1604 - 14,0768 (281,536) - 14,7320 (441,960) -

Results are presented as the mean of the PSA. See Appendix 11, Model linearity and correlation between parameters for assessments of linearity
and correlation.
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Time, modelled (years)
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FIGURE 72 Cumulative incremental NHEs of OMAL over the patient time horizon.

is estimated that there are only 307 children in the UK per year with severe persistent allergic
asthma who remain uncontrolled despite best available therapy and who would meet the
criteria for therapy with OMAL.'8 As part of the budget impact assessment included with the
manufacturer’s STA submission, the expected uptake rate of OMAL in the first 5 years is assumed
to be <307 patients per year (Table 109). Market uptake is assumed to be 3.9% in the first year
then 11.7%, 23.1%, 30.6% and 32.6% for years 2-5, respectively. This results in a patient pool of
only 12 patients in year 1 rising to 100 patients in year 5. Table 110 shows the total population
NHE assuming that OMAL will be used over 10 years for (1) the estimated patient population
in Table 109 for the first 5 years and an incident population of 307 patients per year thereafter
and (2) an incident population of 307 patients per year over the 10-year period. The expected
cost-effectiveness is unchanged (ICER is the same as in Table 108) but the incremental NHE is
more negative and significant at a population level. Clearly, as more patients are treated OMAL
appears even less cost-effective as the high costs of treatment are never compensated by future
health gains.

The investment profile for OMAL when used to treat patients over 10 years is illustrated in
Figure 73. At a population level there are large losses that are never compensated for by later
health gains. Unlike the other case studies, OMAL does not appear a more risky investment
when evaluated at a population level; it is simply not cost-effective and never breaks even with
standard therapy.

The time horizon of 10 years was chosen as a proxy for a complex and uncertain process of future
changes in new technologies, prices and evidence.”” The impact of different technology time
horizons on NHE:s is illustrated in Table 111. The incremental NHE becomes more negative when
the technology time horizon is increased to 20 years. For a shorter duration of 5 years the losses
are smaller but still amount to 3143 QALY for a population of 307 patients per annum.
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TABLE 109 Expected uptake rate of OMAL in the first 5 years

Year Expected uptake rate (%) Expected population starting on OMAL Expected population on standard therapy
2010 39 12 295
2011 1.7 36 271
2012 23.1 71 236
2013 30.6 94 213
2014 32.6 100 207

TABLE 110 Expected cost-effectiveness of OMAL for the population

Cost-effectiveness threshold £20,000  Cost-effectiveness threshold £30,000

per QALY per QALY
Costs ICER (&/ Incremental NHE, Incremental NHE,

Treatment (£M) QALYs  QALY) NHE, QALYs (£M)  QALYs (£M) NHE, QALYs (EM)  QALYs (£M)
Based on expected uptake rate

OMAL +standard 142 24,836 93,844 17,745 (355) —3271 (-65) 20,108 (603) —1885 (-57)
care

Standard care 59 23,950 - 21,015 (420) - 21,994 (660) -

Based on incidence of 307 patients per year

OMAL +standard 251 43,961 93,844 31,410 (628) -5789 (-116) 35,593 (1,068) —3337 (-100)
care

Standard care 104 42,393 - 37,199 (744) - 38,930 (1,168) -

Time (years)
0 S T T T T T T T 1
10 20 30 40 50 60 70 80 90

ko) 5007 Technology time horizon (10 years)

3 -1000 Duration of treatment on OMAL (10 years)
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2 1500
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FIGURE 73 Cumulative incremental NHEs of OMAL for the population.



DOI: 10.3310/hta16460 Health Technology Assessment 2012; Vol. 16: No. 46

TABLE 111 Incremental NHEs for OMAL over a range of technology time horizons

Incremental NHE, QALYs (£M)

Technology time horizon, years Annual incidence of 307 patients Expected uptake rate in first 5 years
5 3143 (-69) 624 (-12)

10 —5789 (-116) —3271 (-65)

15 -8017 (-160) —5499 (-110)

20 —9893 (-198) —7375 (-147)

Point 2: Are there significant irrecoverable costs?
The second point on the checklist requires (1) an assessment of whether or not there are
irrecoverable costs and (2) a judgement of their potential significance, that is, at the following
point in the algorithm:

( Assess irrecoverable costs )

Are there
significant irrecoverable
costs?

No

Identifying any significant irrecoverable costs

Irrecoverable costs are those that, once committed, cannot be recovered if guidance is changed
at a later date. In the case of OMAL there are no capital investment costs associated with
equipment or facilities. Drug costs associated with treatment occur annually per patient treated.
In the absence of capital investment costs, NHEs accumulate over time at both a patient and

a population level. For OMAL the profile of NHEs at a patient level (see Figure 72) exhibits
negative NHEs in all time periods. Assessment at a population level and for longer technology
time horizons simply increases the magnitude of the expected negative NHEs. Therefore, there
are no irrecoverable costs associated with OMAL.

Types and categories of guidance resulting from points 1 and 2
Points 1 and 2 of the checklist do not lead directly to a category or type of guidance. The
sequence of assessments and decisions, which ultimately lead to guidance, starts with cost-
effectiveness, expected impact on population NHEs and significance of irrecoverable costs. In
the case of OMAL, the technology is not expected to be cost-effective and there are no significant
irrecoverable costs. Table 112 summarises the categories and types of guidance that could
ultimately result from the sequence of assessments up to point 2 (see Table 32 in Appendix 4).
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9

TABLE 112 Types and categories of guidance that could ultimately result from assessments 1 and 2
Assessment 1 2 3 4 5 6 7 Guidance
7 No No Yes Yes Yes/no Yes - OIR?
8 No No Yes Yes Yes/no No - Reject’
9 No No Yes No Yes/no Yes Yes AWR?
10 No No Yes No Yes/no Yes No Reject?
11 No No Yes No Yes/no No - Reject’
12 No No No - - - - Reject?

Is further research required?

Point 3: Does more research seem worthwhile?

The third point on the checklist requires an assessment of the potential benefits of conducting
further research, that is, at the following point in the algorithm:

( Assess need for evidence )

Does
more research seem
worthwhile?

No

This requires judgements about (1) how uncertain a decision to approve or reject OMAL might
be based on the estimates of expected cost-effectiveness and (2) whether or not the scale of the
likely consequences of this uncertainty might justify further research. If the potential benefits of
further research are unlikely to justify the costs, a judgement that more research does not seem
worthwhile will lead directly to guidance.

Assessing the consequences of uncertainty

Omalizumab is not expected to be cost-effective compared with standard therapy but the
estimates of costs and QALY are uncertain so there is a chance that a decision to approve
standard therapy rather than OMAL based on existing evidence will be incorrect, that is, OMAL
might offer greater NHEs. Some assessment of the likely consequences of approving standard
therapy when OMAL might be better could be based on the difference in expected NHEs, that is,
the expected incremental population NHEs reported in Table 110. The simplest approach would
be to weight the average NHEs for OMAL and standard therapy (reported in Table 110) by a
judgement of the probability of an incorrect decision. For example, if the decision was judged to
be 100% certain then there are no consequences and so there would be nothing to be gained by
more research; however, as the probability that the decision is correct becomes less certain, the
expected consequences (and hence potential value of more research) increase. Table 113 shows
the expected consequences of uncertainty based on a weighting of average NHEs.

A judgement of how uncertain a decision might be can be informed by the PSA already used
to estimate costs and QALYs. The probability that standard therapy is cost-effective rather
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TABLE 113 Expected consequences of uncertainty based on a weighting of average NHEs

Cost-effectiveness threshold £20,000 per QALY  Cost-effectiveness threshold £30,000 per QALY

Probability decision is correct, p  Expected consequences, QALYs (£M) Expected consequences, QALYs (£M)
1.00 0(0) 0(0)

0.99 58 (1) 33(1)
0.95 289 (6) 167 (5)
0.90 579 (12) 334 (10)
0.75 1447 (29) 834 (25)
0.50 2895 (58) 1668 (50)
0.25 4342 (87) 2503 (75)
0.10 5210 (104) 3003 (90)
0.05 5500 (110) 3170 (95)
0.01 5731 (115) 3303 (99)
0.00 5789 (116) 3337 (100)

than OMAL is 1.00 at both £20,000 and £30,000 per QALY (Table 114). An estimate of the
expected consequences of uncertainty should be based on the distribution of uncertainty from
the PSA rather than on a simple estimate of average NHEs. Table 114 shows that the expected
consequences of uncertainty are 0.00; therefore, at the upper and lower bounds for the range that
NICE has adopted for the threshold there is insufficient uncertainty to suggest that OMAL might
be cost-effective.

The expected consequences provide an upper bound on the benefits of more research. Because
the frequency of error is zero, there is no uncertainty. Therefore, a decision to reject OMAL is not
uncertain; there are no consequences of uncertainty and nothing to be gained by more research.

Alternative scenarios

The uncertainty described above reflects uncertainty within the set of assumptions used to
estimate expected costs and QALYs. However, there are often alternative views about the
assumptions, which are usually presented as separate scenarios. For OMAL, the STA submission
considered scenarios that would generate the most favourable ICERs but still plausibly reflect
the benefits seen by paediatric asthma specialists in clinical practice. The scenarios included (1)
a longer treatment duration, increased from 10 years to 20 years, (2) utility benefits in day-to-
day symptoms for all age groups (the previous base-case analysis assumed a utility benefit for
ages > 12 years only) and (3) an increase in mortality rate owing to clinically significant severe
exacerbations of 100%. These scenarios were incorporated additively, that is, each scenario was
considered in addition to the previous one. Table 115 presents the cost-effectiveness of OMAL
and the expected consequences of uncertainty for the alternative scenarios. Despite a fall in the
ICER for OMAL from £93,844 to £62,049 with the addition of the three favourable assumptions,
a decision to reject OMAL does not appear uncertain; the probability that OMAL is cost-effective
is zero and there are no consequences of uncertainty or value to be gained by more research.

Types and categories of guidance resulting from point 3
Point 3 of the checklist is critical because if research is not judged to be worthwhile no further
assessments are required. For OMAL, the ICER is substantially greater than the threshold
and the NHE is always negative. A decision to reject OMAL is not uncertain and there are
no consequences of uncertainty and nothing to be gained by additional research. Table 116
summarises the category and type of guidance for OMAL.
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TABLE 114 Expected consequences of uncertainty for OMAL

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY

Incremental Expected Incremental Expected
ICER (£/  NHE, QALYs Probability consequences, NHE, QALYs Probability consequences,
Treatment QALY) (£EM) cost-effective ~ QALYs (EM) (EM) cost-effective  QALYs (EM)
OMAL +standard 93,844 —-5789 (-116) 0.000 0.000 (0) —3337 (~100) 0.000 0.000 (0)
care
Standard care - 1.000 - 1.000

TABLE 115 Expected consequences of uncertainty with alternative scenarios
ICER (£/  Incremental NHE,  Probability cost-  Expected consequences,

Additive scenario QALY) QALYs (£M) effective QALYs (£M)

Base case 93,844 —5789 (-116) 0.0000 0.0000 (0)

+ 20-year treatment duration 78,324 —9198 (-184) 0.0000 0.0000 (0)

+ utility difference in day-to-day symptoms for all ages 67,525 —8721 (-174) 0.0000 0.0000 (0)

+ mortality rate owing to clinically significant severe 62,049 —8377 (-168) 0.0000 0.0000 (0)

exacerbations increased by 100%

TABLE 116 Type and category of guidance for OMAL

Assessment

1 2 3 4 5 6 7 Guidance

12

No No No - - - - Reject?

Analysis of subgroups

Subgroups, once credibly defined, need to be considered in the same way as the base-case
population. This involves starting at point 1 of the checklist, that is, entering at the top of the
algorithm, and working through the sequence of assessments from point 1 to point 7 in the same
way as for the primary base-case analysis. This can be used to identify whether or not different
guidance should be arrived at for the subgroup population. It will also identify whether or not
additional research is required in the specific patient subgroup that may not otherwise have been
conducted for the base-case population.

For OMAL a high-risk subgroup was identified from within the base-case population. This was
defined by a recent (within the previous year) hospitalisation for an asthma exacerbation. A post
hoc subgroup analysis was conducted as part of the STA submission by using a subpopulation
of patients in the main IA-05 trial.'"® Guidance for this subgroup is considered using the

same assessments as for the base-case population. Consideration is given below to each of the
checklist points.

Point 1: Is it expected to be cost-effective?

Cost-effectiveness at the patient level

Table 117 summarises the expected cost-effectiveness of OMAL per patient treated for the
subgroup population. The expected incremental differences in lifetime costs and QALYs of
OMAL relative to standard therapy are £40,927 and 0.5892 QALYs, respectively, giving an ICER
of £69,463. The ICER for OMAL in the subgroup population is much lower than that in the base-
case population but it is still greater than the threshold of £20,000 per QALY; therefore, OMAL is
not expected to be cost-effective compared with standard therapy alone.
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The per-patient investment profile for OMAL is illustrated in Figure 74 for the subgroup
population. It shows that OMAL is always expected to offer negative NHEs compared with
standard therapy over the entire patient time horizon of 90 years, that is, the high costs of
treatment are never compensated for by future health gains in this subpopulation either. OMAL
is not expected to be cost-effective at its current price.

Cost-effectiveness at the population level

Table 118 shows the total population NHEs over 10 years, assuming that OMAL will be used to
treat the estimated patient population in Table 109 (based on uptake rates for the first 5 years and
then 307 patients per year thereafter) rather than an incident population of 307 patients per year.
The lower estimate of population size is used to reflect the fact that the high-risk subgroup would
be expected to include fewer patients. The incremental NHE is less negative for the subgroup
population than in the base case because of fewer patients and a lower differential effect between
OMAL and standard therapy. Figure 75 shows the investment profile for OMAL over 10 years.

As seen above, the large losses are never compensated for by future health gains. OMAL is not
cost-effective and never breaks even with standard therapy.

TABLE 117 Expected cost-effectiveness of OMAL per patient treated for the subgroup

Cost-effectiveness threshold £20,000  Cost-effectiveness threshold £30,000

per QALY per QALY
ICER (£/ Incremental NHE, Incremental NHE,
Treatment Cost (£) QALYs QALY) NHE, QALYs (£) QALYs (£) NHE, QALYs (£) QALYs (£)
OMAL +standard 82,681 15.11 69,463 10.9793 —1.4571 12.3573 —0.7750
care (219,585) (-29,143) (370,718) (-23,251)
Standard care 41,754 14.52 - 12.4364 - 13.1323 -
(248,728) (393,969)
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FIGURE 74 Cumulative incremental NHEs of OMAL over the patient time horizon for the subgroup.
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TABLE 118 Expected cost-effectiveness of OMAL for the subgroup population

Cost-effectiveness threshold £20,000  Cost-effectiveness threshold £30,000

per QALY per QALY
Costs ICER (£/ Incremental NHE, Incremental NHE,
Treatment (EM) QALYs  QALY) NHE, QALYs (EM)  QALYs (£EM) NHE, QALYs (EM)  QALYs (£M)
OMAL +standard care 123 22,563 69,463 16,391 (328) 2175 (—44) 18,448 (553) 1157 (-35)
Standard care 62 21,683 - 18,566 (371) - 19,605 (588) -

Time (years)
O T T T T T T T 1
10 20 30 40 50 60 70 80 90
—250 Technology time horizon (10 years)
Duration of treatment on OMAL (10 years)

-500+

~750+
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-1,500-

for OMAL (QALYs)

-1,750-

-2,000+

Cumulative incremental NHE at population level

-2,250+

-2,500-

FIGURE 75 Cumulative incremental NHEs of OMAL for the subgroup population.

Point 2: Are there significant irrecoverable costs?

Omalizumub does not exhibit significant irrecoverable opportunity costs (see Point 2: Are there
significant irrecoverable costs?). There are no additional irrecoverable costs associated with the
subgroup population.

Point 3: Does more research seem worthwhile?

Omalizumub is not expected to be cost-effective based on existing evidence in the high-risk
subgroup. Although the ICER is lower than in the base-case population, it is still significantly
higher than the threshold. An assessment of the likely consequences of approving standard
therapy when OMAL might be better is shown in Table 119. The results of PSA suggest that even
at a threshold of £30,000 per QALY the probability that OMAL is cost-effective is very small
(0.013) and the upper bound on the gains from more research is very limited (5.99 QALYs).
Therefore, even after an analysis of subgroups OMAL is not expected to be cost-effective and
more research does not seem worthwhile.

Table 120 shows the expected consequences of uncertainty in the subgroup with the alternative
scenarios (see Point 3: Does more research seem worthwhile?, Alternative scenarios). Even under
the most favourable assumptions, a decision to reject OMAL does not appear uncertain. There

are only very small consequences of uncertainty or value to be gained by more research (0.624

QALYs) under the most favourable assumption for OMAL.
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Types and categories of guidance resulting from subgroup analysis
The subgroup analysis was considered in the same way as for the base-case population; it started
at point 1 of the checklist and worked through the same sequence of assessments as in the
primary analysis. For the high-risk subgroup, OMAL is not expected to be cost-effective and
there is no uncertainty. OMAL can be rejected at this point and no further assessment is required.
Table 121 summarises the category and type of guidance for OMAL in the high-risk subgroup.

TABLE 119 Expected consequences of uncertainty for OMAL in the subgroup

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY
Expected Incremental Expected
ICER (£/  Incremental Probability consequences,  NHE, QALYs  Probability consequences,
Treatment QALY) NHE, QALYs (EM) cost-effective  QALYs (EM) (£M) cost-effective ~ QALYs (£EM)
OMAL +standard 69,463 —2175 (—44) 0.000 0.000 (0) -1157 (-35)  0.013 5.99 (0.12)
care
Standard care - 1.000 - 0.987

TABLE 120 Expected consequences of uncertainty in the subgroup with the alternative scenarios

Expected
ICER (£/ Incremental NHE, Probability cost-  consequences, QALYs
Additive scenario QALY) QALYs (EM) effective (EM)
Base-case subgroup 69,463 —2175 (—44) 0.000 0.000 (0)
+ 20-year treatment duration 59,096 —3399 (-68) 0.000 0.000 (0)
+ utility difference in day-to-day symptoms for all ages 53,269 -3171 (-63) 0.000 0.000 (0)
+ mortality rates owing to clinically significant severe 44,921 —2861 (-57) 0.002 0.624 (0.01)
exacerbations increased by 100%
TABLE 121 Type and category of guidance for the OMAL high-risk subgroup
Assessment 1 2 3 4 5 6 7 Guidance
12 No No No - - - - Reject*
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Appendix 10

Etanercept, infliximab and adalimumab for
the treatment of psoriatic arthritis

Introduction

Following a MTA appraisal (TA199'* in 2010), the use of biologic treatment with etanercept,
infliximab and adalimumab was recommended by NICE for patients with active and progressive
PsA. However, the guidance also recommended that treatment should start with the least
expensive biologic, taking account of dose, route of administration and price. This guidance
updated an earlier MTA appraisal in 2006 (TA104'*), which had recommended etanercept and
restricted guidance on the use of infliximab to only those patients shown to be either intolerant
or contraindicated to etanercept.®

In considering the results of the cost-effectiveness analysis, the NICE Appraisal Committee
expressed concern about any differential effectiveness between treatments (specifically
adalimumab and etanercept, which are biologically similar). They felt that a ‘class effect’ may be
a more reasonable assumption. A scenario making this assumption (applying the same initial
response and HAQ gain to adalimumab and etanercept) was therefore presented at the second
appraisal meeting. In addition, in section 6 of TA199 the importance of data on long-term
outcomes and adverse events from patient registries was highlighted. Therefore, PsA is not an
example of AWR at FAD but an example of AWR considered during appraisal.

The analysis in this case study is from the standpoint of TA199 using the updated model that
included new evidence and adalimumab as an additional comparator. At this point NICE
guidance recommended etanercept and so the first question posed in the checklist can be
interpreted as whether or not the other technologies available (infliximab, adalimumab or
palliative care) are expected to be cost-effective compared with etanercept.

Background to the case study

Interventions and population
The three biologics (etanercept, infliximab and adalimumab) are compared with palliative care.
No sequencing of treatments is considered; instead, if patients withdraw from any of the active
treatments they will instead receive palliative care for the remainder of their lifetime. If patients
do not withdraw from treatment (because of adverse events or lack of efficacy) they will remain
on active treatment for the remainder of their lifetime, that is, PsA is a chronic disease.

The population of interest includes those patients with active and progressive PsA who have
an inadequate response to standard treatment, including two conventional DMARDs (BSR
criteria).’ There is little information about the incidence of PsA in the UK; therefore, in

the absence of a better alternative, based on clinical expert opinion the annual incidence of
PsA was estimated at one-third of that for rheumatoid arthritis,'* that is, 12,000 per year. As
patients are unlikely to switch treatments once well controlled, a prevalent population was not
considered relevant.
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Evidence on clinical effectiveness
The review of clinical effectiveness identified six RCTs comparing one of the three biologics with

placebo.'?”-2! To synthesise all of these trials a Bayesian mixed-treatment comparison*? was used

to generate the following parameters for the decision model (for each biologic and for palliative
care): probability of PSARC response at 12 weeks, probability of achieving Psoriasis Area Severity
Index (PASI) 50, 75 and 90 responses at 12 weeks, and the associated HAQ for PSARC responder/
non-responder.”*

The trials, however, are limited in follow-up and therefore the longer-term effectiveness of

the biologics and the impact on HAQ scores of withdrawing from biologics are not available.
Expert elicitation was used in the model to generate estimates of the progression of HAQ

for patients continuing on biologics and the progression of HAQ following withdrawal from
treatment (rebound).?** Table 122 shows the probabilistic input parameters used in the model and
their distributions.

Decision model
A probabilistic cohort model was developed to estimate costs and QALY's and explore
any uncertainties.

These processes are inherently non-linear in terms of the relationship between model inputs and
outputs (costs and QALYs) (see Appendix 11, Model linearity and correlation between parameters).
The model was run for a period of 40 cycles (time horizon of the model, 3-monthly cycles)

and probabilistic analysis was used (Monte Carlo simulation was run for 5000 iterations). The
discount rate was 3.5%.

The initial response of the drug is defined in the model using PsARC for joints and PASI 75 for
psoriasis; these parameters were estimated using a Bayesian evidence synthesis. Given a response
(or no response) there is an associated impact on functional status, defined using the HAQ, for
the arthritis aspect of the disease. The expected change in PASI is modelled as a constant. The
model was implemented in R.

Patients can withdraw from biologics at any point after the initial response phase (first 12 weeks).
If they withdraw during the initial response phase this is regarded as a ‘no response’ Patients

will receive palliative care after withdrawal at any stage. On withdrawing from treatment, it is
assumed that mean PASI returns to its initial score at baseline (rebound equal to initial gain).
There is considerable uncertainty about change in HAQ associated with withdrawal (rebound).
Previous modelling work assumed that rebound of HAQ follows either of two alternative
scenarios, with no data to inform which scenario is the more likely: rebound equal to initial gain
and rebound equal to natural history. In TA199'* this rebound assumption is informed by an
expert opinion elicitation exercise conducted with five experts.

Key features and possible pathways
Biologics are not associated with any large upfront costs of treatment as treatment costs are
incurred on a monthly basis according to whether or not the patient is still receiving treatment.
The gains in quality-of-life benefits are also apparent throughout, with an initial gain in quality of
life (through HAQ and PASI) associated with those who are treatment responders, as assessed at
3 months. The technology does, however, have a number of interesting characteristics, which can
be used to explore the implications of the principles and assessments outlined in Chapter 5:

m  Etanercept, infliximab and adalimumab all have potentially significant irrecoverable costs
because of the high per-patient treatment costs combined with a chronic condition in
which treatment decisions are not irreversible. PsA is a chronic condition in which patients
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TABLE 122 Parameters of the decision model for PsA

Description Variable name Mean SE Distribution Source

Change in utility for 1 unit change in HAQ U_HAQ —0.298 0.006 Normal Rodgers et al. 20012%

Change in utility for 1 unit change in PASI U_PASI —-0.004 0.0003 Normal Rodgers et al. 20012%

Change in cost for 1 unit change in HAQ C_HAQ 187 21 Normal Kobelt et al. 20022

3-month cost for mild-to-moderate psoriasis if ~ C_psoriasis 198 9 Normal Department of Health

uncontrolled by biologics 200925

Change in HAQ while not on treatment per LT_NH_HAQ 0.018 0.007 Gamma?3 Norfolk Arthritis

3-month period Register (NOAR)
database?*

Log-withdrawal rate from biologics per year Withdraw -1.823 0.2044 Normal Registry data®®

Probability of PSARC response on placebo PSARC_NH 0.249 0.0384 Beta Evidence synthesis

Change in HAQ given a PSARC response on HAQ_NH -0.218 0.0465 Normal

placebo

Probability of PASI 50 response on placebo PASI_50_NH 0.130 0.021 Beta

Probability of PASI 75 response on placebo PASI_75_NH 0.044 0.009 Beta

Probability of PASI 90 response on placebo PASI_90_NH 0.016 0.004 Beta

Probability of PSARC response on biologic_ PSARC_treat_E 0.713 0.071 Beta

etanercept

Probability of PSARC response on biologic_ PSARC_treat_| 0.795 0.058 Beta

infliximab

Probability of PSARC response on biologic_ PSARC_treat_A 0.587 0.072 Beta

adalimumab

Change in HAQ in first 3 months given no HAQ_noPSARC_ -0.185 0.102 Beta

PSARC response of biologic_etanercept treat_E

Change in HAQ in first 3 months given no HAQ_noPSARC_ -0.190 0.073 Beta

PSARC response of biologic_infliximab treat_|

Change in HAQ in first 3 months given no HAQ_noPSARC_ -0.064 0.064 Beta

PSARC response of biologic_adalimumab treat_A

Change in HAQ in first 3 months given PSARC ~ HAQ_treat_E -0.623 0.095 Beta

response of biologic_etanercept

Change in HAQ in first 3 months given PSARC ~ HAQ_treat_| —0.652 0.072 Beta

response of biologic_infliximab

Change in HAQ in first 3 months given PSARC ~ HAQ_treat_A -0.423 0.061 Beta

response of biologic_adalimumab

Probability of PASI 50 response on biologic_ PASI_50_treat_E 0.4026 0.0916 Beta

etanercept

Probability of PASI 50 response on biologic_ PASI_50_treat_| 0.9128 0.0374 Beta

infliximab

Probability of PASI 50 response on biologic_ PASI_50_treat_A 0.7383 0.0853 Beta

adalimumab

Probability of PASI 75 response on biologic_ PASI_75_treat_E 0.1768 0.0586 Beta

etanercept

Probability of PASI 75 response on biologic_ PASI_75_treat_| 0.7687 0.0795 Beta

infliximab

Probability of PASI 75 response on biologic_ PASI_75_treat_A 0.4772 0.1085 Beta

adalimumab

Probability of PASI 90 response on biologic_ PASI_90_treat_E 0.0737 0.0292 Beta

etanercept

Probability of PASI 90 response on biologic_ PASI_90_treat_| 0.5571 0.1088 Beta

infliximab

Probability of PASI 90 response on biologic_ PASI_90_treat_A 0.2571 0.0863 Beta

adalimumab

SE, standard error.
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are unlikely to switch treatment once maintained. Switching will happen only if patients
withdraw from treatment because of adverse events or lack of efficacy.

m  There is uncertainty about the effectiveness of biologics. A separate scenario was
assessed that assumed a class effect for the biologics etanercept and adalimumab. This
provides an opportunity to examine the role of exploring separate extreme scenarios to
characterise uncertainty.

The possible pathways through the algorithm are reported in Figure 32 in Appendix 4. The
alternatives to etanercept (adalimumab, infliximab and palliative care) are not expected to be
cost-effective. There are, however, a number of uncertainties. These uncertainties might influence
the category of guidance, for example OIR or AWR rather than reject.

The following sections examine each of the seven points on the checklist relating to the possible
sequence of assessments and decisions that lead to a particular category and type of guidance
for PSA.

Is it cost-effective and what are the risks?

The judgements made at points 1 and 2 of the checklist are critical because, although neither
leads directly to a particular category of guidance, they determine the subsequent path that might
be taken, sometimes avoiding further and potentially complex assessments. For example, the
absence of significant irrecoverable costs means that only four out of the 12 possible pathways
require all seven assessments to be made (see Appendix 4).

Point 1: Is it expected to be cost-effective?
The sequence of assessments starts with cost-effectiveness and the expected impact on population
NHEs, that is, at the following point in the algorithm:

Assess cost-effectiveness and
population net health effects

No
Is it cost-effective?

Yes

This requires an assessment of expected cost-effectiveness based on the balance of the evidence
and analysis currently available. Methods to estimate expected cost-effectiveness are well
established within the NICE appraisal process and are extensively described in the Guide to
Methods of Technology Appraisal."* Commonly, expected cost-effectiveness is summarised and
presented using ICERs. Equivalently, but more usefully in this context, cost-effectiveness can

be expressed in terms of expected NHEs, which can be expressed per patient treated or for a
population of patients. This is especially important when later assessments require a comparison
of benefits to current or future patient populations and when assessing the significance of
irrecoverable costs (see Cost-effectiveness at the population level). All of the information required
to express expected cost-effectiveness in these ways is already available during appraisal.
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Cost-effectiveness at the patient level

Estimates of the expected NHS costs and QALY for each patient treated over an appropriate time
horizon - the ‘patient time horizon® - can be summarised as an ICER, which must be compared
with a cost-effectiveness threshold to judge cost-effectiveness. Equivalently, this can be expressed
as the per-patient NHE of each intervention, that is, the difference between any health gained and
health forgone elsewhere.

For the PsA case study, the treatment already recommended by NICE (etanercept at the time

of TA199'%) is expected to be cost-effective (Table 123).¢ Other alternatives to etanercept
(adalimumab, infliximab and palliative care) are not expected to be cost-effective. Although
adalimumab is less effective than etanercept, it is also cheaper; however, the resource savings it
offers do not compensate for the reduction in health benefits (for an ICER of around £20,000 per
QALY). Infliximab is more effective but it is also much more expensive. These increased costs are,
however, not justified by the QALY gains.

The investment profiles of the alternatives to etanercept, illustrated in Figure 76 relative to
etanercept, differ in appearance. All of the biologic treatments for PsA (etanercept, infliximab and
adalimumab) have high initial costs, which are only gradually compensated for by later health
benefits. Palliative care offers a positive NHE initially compared with etanercept. As the time
horizon of the model increases the NHE of palliative care compared with etanercept becomes
negative; this happens at 19 years. Adalimumab also offers positive NHEs in the short run
compared with etanercept (lower costs) so it is only at 21.25 years that etanercept is expected to
offer the highest NHE (all others have negative NHEs relative to this). Infliximab is always a risky
strategy and does not break-even within a reasonable modelled time horizon (40 years).

TABLE 123 Expected cost-effectiveness in PsA per patient treated

Cost-effectiveness threshold Cost-effectiveness threshold
£20,000 per QALY £30,000 per QALY
ICER (£/
Treatment Cost (£) QALYs QALY) NHE, QALYs (£) NHE, QALYs (£)
1: Infliximab 90,343 7.269 60,965 2.752 (5504) 4.258 (8516)
2. Etanercept 78,150 7.069 17,733 3.161 (6322) 4.464 (8928)
3: Adalimumab 72,972 6.777 14,622 3.129 (6258) 4.345 (8690)
4: Palliative care 51,800 5.329 - 2.739 (5478) 3.602 (7204)

W 8 0.4 Break-even point
% é for etanercept
S8 0.2
S5
E s —— Palliative care (4)
gg oo : - Infliximab (1)
0% -—-- Adalimumab (3)
= O
‘—é :é -0.2
34
E -0.4-

Time, modelled (years)

FIGURE 76 Cumulative incremental NHEs in PsA over the patient time horizon.
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TABLE 124

10

Etanercept, infliximab and adalimumab all therefore have potentially significant irrecoverable
costs because of the high per-patient treatment costs combined with a chronic condition in which
treatment decisions are not irreversible.

Cost-effectiveness at the population level

Per-patient NHEs can also be expressed for the population of current and future patients. This
requires information about prevalence and future incidence of the target population (already
required in appraisal). It also requires a judgement about the time horizon over which the
technology will be used. This ‘technology time horizon’ ought to reflect the period over which
the technology is likely to be part of clinical practice and generate the expected NHEs.© An
estimate of the scale of the total population NHEs and how they cumulate over time is important
for subsequent assessments, including (1) when the NHEs for current patient populations must
be compared with the benefits to future patients and (2) when the treatment decision can be
changed so the irrecoverable costs of initially negative NHEs become significant.

In the PsA case study there is no prevalent population eligible for adalimumab, infliximab or
palliative care if it is approved. This is because the prevalent population will not switch treatments
whilst maintained on their current therapy. They will switch only if they relapse (withdraw from
treatment because of adverse events or lack of efficacy). The total population NHEs, assuming
that the technology will be used to treat only incident patients (12,000 per year) over 10 years,

are reported in Table 124. The expected cost-effectiveness is unchanged (the ICER is the same as
that in Table 121) but the incremental NHEs, although small per patient, are more significant at a
population level.

The investment profile for PsA when patients are treated over 10 years is illustrated in Figure 77.
The NHE:s for infliximab, adalimumab and palliative care are calculated relative to etanercept
(standard NHS care). At a population level it is not until 26 years (rather than 21.25 years at a
patient level) that initial losses are compensated for by later gains and etanercept breaks even
(all other NHEs are negative relative to etanercept*?). In other words, etanercept appears a
more risky investment when evaluated at a population rather than at an individual level. This

is because, although each patient treated with etanercept is expected to offer the same profile

of NHEs shown in Figure 76, the negative NHEs associated with patients who are incident and
treated in year 10 will not be offset by later gains until year 26. The incremental NHEs and
break-even points when evaluated at a population level are reported in Table 125 over different
time horizons. These are reported for adalimumab compared with palliative care, palliative

care compared with etanercept, palliative care compared with infliximab and adalimumab
compared with etanercept. The table shows that as the technology time horizon increases
treatment with biologics becomes a more risky prospect and the NHE of palliative care remains

Expected cost-effectiveness of PsA for the population

Cost-effectiveness threshold £20,000 Cost-effectiveness threshold £30,000

per QALY per QALY
Cost ICER (£/ Incremental NHE, Incremental NHE,
Treatment (£M) QALYs QALY) NHE, QALYs (£M) QALYs (£M) NHE, QALYs (£M) QALYs (EM)
1: Infliximab 9332 750,874 60,965 284,288 (5686) —42,227 (-845) 439,816 (13,194) 21,237 (-637)
2: Etanercept 8072 730,128 17,733 326,515 (6530) - 461,053 (13,832) -
3:Adalimumab 7537 700,037 14,622 323,162 (6463) —-3353 (-67) 448,787 (13,464) 12,266 (~368)
4: Palliative care 5351 550,422 - 282,894 (5658) —43,621 (-872) 372,070 (11,162) —88,983 (—2669)
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Time horizon of
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- Infliximab (1)
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-40,000-

Cumulative incremental NHE relative to

Time, modelled (years)

FIGURE 77 Cumulative incremental NHEs in PsA for the population (in relation to standard care, etanercept).

TABLE 125 Incremental NHEs in PsA over a range of technology time horizons

Incremental NHE

Break-even point (years)

Technology time (compared with
horizon Treatment etanercept), QALYs vs 4: Palliative care vs 2: Etanercept vs 1: Infliximab
5 years 1: Infliximab —22,925 (-459)

2: Etanercept -

3:Adalimumab  —1820 (-25) 17 22

4: Palliative care  —23,681 (~710) 18.25 36.25
10 years 1: Infliximab —42,227 (-1267)

2: Etanercept -

3:Adalimumab  —3353 (-101) 18.5 22

4: Palliative care  —43,624 (-1309) 18.75 36.25
15 years 1: Infliximab —58,480 (-1754)

2: Etanercept -

3:Adalimumab  —4643 (-139) 19 22.5

4: Palliative care  —60,410 (-1812) 195 36.5
20 years 1: Infliximab —72,163 (-2165)

2: Etanercept -

3:Adalimumab  -5730 (-172) 19.5 23.75

4: Palliative care  —77,545 (-2326) 20 37

positive for longer. At a technology time horizon of 10 years it is only at 18.75 years that current

NHS care (etanercept) breaks even against palliative care and not until 22 years that it is better
than adalimumab.
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Point 2: Are there significant irrecoverable costs?
The second point on the checklist requires (1) an assessment of whether or not there are
irrecoverable costs and (2) a judgement of their potential significance, that is, at the following
point in the algorithm:

( Assess irrecoverable costs )

Are there
significant irrecoverable
costs?

No

Identifying the irrecoverable costs

Irrecoverable costs are those that once committed cannot be recovered if guidance is changed

at a later date (see Chapter 5 and Appendix 11, Accounting for the investment profile of displaced
interventions). The impact of irrecoverable costs will tend to be greater if they represent a greater
proportion of the total costs and if guidance is more likely to change and to change in the

near future.

Even in the absence of capital costs of equipment and facilities, NHEs accumulate over time at
both a patient and a population level. The analysis in Point I: Is it expected to be cost-effective?
indicates a common pattern of initially negative NHEs that are only gradually offset by positive
NHE in later periods. Therefore, AWR may commit opportunity costs of negative NHEs that
are irrecoverable.

Are they likely to be significant?

Whether or not irrecoverable costs are significant (i.e. might influence guidance) depends
critically on whether guidance is likely to change and whether that is more likely in the near
or in the distant future. That will depend on whether research is likely to be undertaken and
when it is likely to report, as well as on other events that might occur, for example a change in
price following patent expiry. These are assessed later, in points 5 and 6; however, the potential
significance of any irrecoverable costs can be assessed at this point.

The potential significance of the investment profiles of NHEs depends on if treatment decisions
for individual patients are irreversible, which in part depends on the nature of the disease.

For example, in an acute condition the decision to treat a particular presenting patient with a
technology cannot be reconsidered at a later date - it is irreversible with associated reversal costs.
Of course, it is possible that the later benefits are not realised but it is also possible that they will
realise more (the profiles of NHEs in Figures 76 and 77 are the average over these possibilities).
Similarly, the possibility that guidance might change in the future (e.g. research suggests that

the longer-term benefits will not offset initial losses) will not influence the irreversible decision
to treat a presenting patient with a technology that is expected to be cost-effective prior to the
research reporting.

Psoriatic arthritis is a chronic condition in which the decision to treat a particular patient
cannot be changed at some later date (decisions are assumed irreversible). Therefore, the NHS
will commit to irrecoverable costs by deciding not to use technologies not expected to be
cost-effective now [if they have less irrecoverable costs than standard care (etanercept)]. This
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is the case for adalimumab and palliative care for which the NHEs are initially higher than for
etanercept (Figure 77 shows less irrecoverable costs for adalimumab and palliative care initially).
For infliximab, however, the NHEs are lower than for etanercept; therefore, deciding not to

use infliximab will reduce the loss in NHESs (as the initial loss in NHE is lower for etanercept).
In deciding if these costs are likely to be significant, however, it is important to note that, in

the example of PsA, decisions cannot be reversed (patients remain on treatment if they are
responding). Therefore, patients will still experience the positive NHEs that occur later in the
modelled time horizon (resulting from the recommended treatment, etanercept). In conclusion,
therefore, there are no significant investment or reversal costs for this case study.

Types and categories of guidance resulting from points 1 and 2
Points 1 and 2 of the checklist do not lead directly to a category or type of guidance. The
sequence of assessments and decisions, which ultimately lead to guidance, starts with cost-
effectiveness, expected impact on population NHEs and significance of irrecoverable costs. In
the case of PsA, alternatives to etanercept are not expected to be cost-effective and there are no
significant irrecoverable costs. Table 126 summarises the categories and types of guidance that
could ultimately result from the sequence of assessments up to point 2.

Is further research required?
Point 3: Does more research seem worthwhile?

The third point on the checklist requires an assessment of the potential benefits of conducting
further research, that is, at the following point in the algorithm:

( Assess need for evidence )

Does
more research seem
worthwhile?

No

This requires judgements about (1) how uncertain a decision to approve or reject a technology
might be based on the estimates of expected cost-effectiveness and (2) whether or not the scale of
the likely consequences of this uncertainty might justify further research.

The judgements made at points 3 and 4 of the checklist are critical because if more research is not
judged to be worthwhile then no further assessments are required (unless there are significant

TABLE 126 Types and categories of guidance that could ultimately result from assessments 1 and 2

Assessment 1 2 3 4 5 6 7 Guidance
7 No No Yes Yes Yes/no Yes - OIR?

8 No No Yes Yes Yes/no No - Reject’

9 No No Yes No Yes/no Yes Yes AWR?

10 No No Yes No Yes/no Yes No Reject?

11 No No Yes No Yes/no No - Reject’
12 No No No - - - - Reject*
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irrecoverable costs; see Appendix 4). If research is worthwhile then what type of evidence is
needed and whether the research required to generate it can be conducted while the technology
is approved will determine whether AWR or OIR is a possibility.

Assessing the consequences of uncertainty

Infliximab, palliative care and adalimumab are not expected to be cost-effective compared with
standard care (see Tables 123 and 124) but the estimates of costs and QALY are uncertain so
there is a chance that a decision to reject these treatments based on existing evidence will be
incorrect, that is, infliximab, palliative care or adalimumab might offer greater NHEs. Some
assessment of the likely consequences of rejecting infliximab, palliative care and adalimumab
might be based on the difference in expected NHEs, that is, the expected incremental population
NHEs reported in Table 124. However, as there are more than two alternatives, a judgement is
required about the chance that using standard care (etanercept) is incorrect and if so which of
the other three alternatives are likely to offer higher NHEs and how much higher. In other words,
for decisions involving multiple alternatives, a judgement is required on the level of uncertainty
surrounding the decision, how this uncertainty is distributed across the various alternatives and
what the consequences are likely to be.

The simplest approach could be to take the difference in expected NHEs between adalimumab,
palliative care or infliximab and standard NHS care and weight it by a judgement of the
probability that the decision is correct, that is, allocate the consequences of an incorrect decision
to NHS standard care. For example, if the decision was judged to be 100% certain (the probability
that the decision is correct would be 1) then there are no consequences and so there would be
nothing to be gained by more research; however, as the decision becomes more uncertain, the
expected consequences (and hence the potential value of more research) increase.

In the presence of multiple treatment alternatives there are other options than to allocate all
of the consequences of an erroneous decision to NHS standard care. We have examined four
alternative ways:

1. The consequences are assigned to NHS standard care (etanercept).

2. The consequences are assigned to adalimumab, the next best treatment.

3. Equal shares of the consequences are assigned to treatments other than NHS standard care
(etanercept).

4. The consequences are assigned to treatments other than NHS standard care (etanercept)
based on the probability of the alternative treatments being cost-effective from PSA. Note
that this uses the PSA only to inform the magnitude of the consequences of a wrong
decision; a judgement on the likelihood of adopting etanercept being the incorrect decision
is still required.

The results of these alternative analyses are illustrated in Table 127 in which a judgement about
the probability that a decision based on expected cost-effectiveness is correct translates into
expected consequences based on expected incremental population NHEs.

The expected consequences of a wrong decision are high in scenarios (2), (3) and (4). There

are no consequences of a wrong decision if all of the error gets assigned to treatment 2 (NHS
standard care) because treatment 2 is the most cost-effective treatment (NHEs calculated relative
to this).

The judgement regarding how uncertain a decision might be can be informed by the PSA
already used to estimate costs and QALYs. The probabilities that each of the three alternatives
is cost-effective are reported in Table 128. This shows that although infliximab, palliative care
and adalimumab are not considered to be cost-effective there is a non-zero probability that this
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TABLE 127 Expected consequences of uncertainty based on a weighting of average NHEs

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £20,000 per QALY

£ NHEs for the population, QALYs NHEs for the population, £

rror
probability, 2: 3 4: Palliative 2: 3: 4: Palliative
p 1:Infliximab  Etanercept  Adalimumab care 1:Infliximab  Etanercept  Adalimumab  care
0 0 0 0 0 0 0 0 0
0.01 0 34 297 133 0 670,500 5,946,720 2,669,666
0.05 0 168 1487 667 0 3,352,540 29,733,600 13,348,331
0.1 0 335 2973 1335 0 6,705,080 59,467,220 26,696,661
0.25 0 838 7433 3337 0 16,762,700 148,668,040 66,741,653
0.5 0 1676 14,867 6674 0 33,525,420 297,336,080 133,483,307
0.75 0 2514 22,300 10,011 0 50,288,120 446,004,120 200,224,960
0.99 0 3319 29,436 13,215 0 66,380,320 588,725,440 264,296,947
1 0 3353 29,734 13,348 0 67,050,820 594,672,160 266,966,613

TABLE 128 Expected consequences of uncertainty in PsA

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY

Incremental net  Probability ~ Expected Incremental net  Probability  Expected
ICER (£/  health effect,? cost- consequences, health effect,? cost- consequences,
Treatment QALY) QALYs (£M) effective QALYs (£M) QALYs (£M) effective QALYs (£M)
1 Infliximab 60,965  —42,240 (-844) 0.012 35,341 (707) —21,279 (-425)  0.113 18,079 (542)
2: Etanercept 17,733 3306 (66) 0.443 12,292 (245) 0.502
3: Adalimumab 14,622 40,284 (805) 0.146 76,746 (1534) 0.103
4: Palliative care - - 0.399 - 0.280

a The mean additional population NHE of moving from the least to the most effective alternative, i.e. the incremental NHE of infliximab compared
with palliative care, is the sum of these.

judgement is incorrect (they are indeed cost-effective). At a threshold of £20,000, the probabilities
that the three treatments are cost-effective are 0.012, 0.146 and 0.399 for infliximab, adalimumab
and palliative care, respectively (Figure 78). At a threshold of £30,000, the probabilities that the
three treatments are cost-effective are 0.113, 0.103 and 0.280 for infliximab, adalimumab and
palliative care, respectively.

The previous analysis assumed that the differences in NHEs when etanercept is not cost-effective
are the averages; however, this is not necessarily true and estimates based on means may
substantially under- or overestimate the expected consequences of uncertainty (see Appendix 11,
Why the consequences of uncertainty differ from mean incremental effects). To accurately record
the differences between the NHEs of the alternative treatments and the probability that these
errors will occur, the results from the PSA can be used. The distribution of consequences is
illustrated in Figure 79. Most commonly (44.3%) there are no consequences because etanercept
is the correct decision. When it is not, there is a greater chance of relatively small consequences
(19% are <27,250 QALYs), which occur predominantly when adalimumab offers the highest
NHEs. There is a small chance of larger consequences (< 0.1% chance that they are > 190,750
QALYs), when palliative care offers the highest NHEs, that is, there remains important
uncertainty about the cost-effectiveness of treatment. The expected consequence of uncertainty
(35,341 QALYs or £706M) is simply the average over this distribution. Again, this can be
interpreted as an estimate of the population NHEs that could be gained over the time horizon
of this technology if the uncertainties could be immediately resolved. A judgement at this point
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FIGURE 78 Probability that etanercept is cost-effective and the consequences of uncertainty.
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FIGURE 79 Distribution of the consequences of uncertainty in PsA.

that more research might be worthwhile seems reasonable, as the potential benefits exceed the
likely costs.

The time horizon over which evidence generated by research about a technology might be
valuable may be longer (or shorter) than the period over which the technology is used. In this
case the technology time horizon is assumed to be equal to the time horizon for the benefits of
research, that is, 10 years. Table 129 shows the expected consequences for different technology
time horizons. The consequences increase with the technology time horizon and will also
increase with the size of the patient population.

Alternative scenarios

There are often alternative views about the quality and relevance of evidence as well as other
assumptions that might be made when estimating expected costs and QALYs. These are
commonly presented as separate scenarios, with estimates of costs and QALY's presented for
each. Much of the deliberation by the NICE Appraisal Committee often surrounds the scientific
value judgements required to judge the credibility of the alternative assumptions represented
by the scenarios. The type of probabilistic analysis reported represents the uncertainty within
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each scenario and will be sufficient to indicate the potential benefits of research when only one
scenario is regarded as credible. However, when more than one scenario might be credible and
carry some ‘weight, there will be uncertainty between as well as within scenarios. The ‘weighting’
of scenarios can be made explicit by assigning probabilities to represent how credible each is
believed to be. The weighted average of costs and QALY across scenarios can easily be calculated.
It is also tempting to take a simple weighted average of the expected consequences of uncertainty
across these scenarios as well; however, a simple weighted average may under- or overestimate
the combined consequences of uncertainty within and between scenarios. The correct estimate
requires the probabilities (weights) to be applied directly to the simulated output from PSA rather
than to the mean values. Although this does not require additional simulation and is quick and
easy to implement, it does require either that the probabilities are made explicit in advance or
that estimates are presented for a range of probabilities that might represent the judgement of the
Appraisal Committee following deliberation.

An alternative assumption of a common class effect across the three biologics was considered in
the PsA case study (scenario B) but this was judged less credible than the analysis that allowed
differential effects (scenario A). The alternative scenario made etanercept less likely to be cost-
effective (Table 130) and increased the expected consequences of uncertainty from 34,930 to
38,521 QALYs (Figure 80). In this case a simple weighted average of expected consequences based
on the probability assigned to each scenario is, in general, lower than the correct estimate of
expected consequences based on the output from PSA.

TABLE 129 Expected consequences of uncertainty for different technology time horizons

Technology time horizon, years  Expected consequences, QALYs (EM)

5 19,186 (3837)
10 35,341 (7068)
15 48,943 (9788)
20 60,396 (12,079)

TABLE 130 Expected consequences of alternative scenarios

Cost-effectiveness threshold £20,000 per QALY Cost-effectiveness threshold £30,000 per QALY

Incremental Expected Incremental Expected

ICER NHE, QALYs Probability consequences,  NHE, QALYs Probability consequences,
Treatment (£/QALY) (M) cost-effective  QALYs (EM) (EM) cost-effective  QALYs (£EM)
Scenario A
1. Infliximab 60,965 —42,240 (-844) 0.012 35,341 (707) -21,279 (-425)  0.113 18,079 (542)
2: Etanercept 17,733 3306 (66) 0.443 12,292 (245) 0.502
3: Adalimumab 14,622 40,284 (805) 0.146 76,746 (1534)  0.103
4: Palliative care  — - 0.399 - 0.280
Scenario B
1 Infliximab 59,208 —42,349 (-846)  0.003 38,521 (770) —21,071 (-421)  0.065 22,008 (660)
2: Etanercept 32,630 -309 (-6.1) 0.306 0 0.332
3: Adalimumab 15,036 4451 (8.9) 0.293 89,451 (1789)  0.329
4: Palliative care  — - 0.398 - 0.274
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FIGURE 80 Expected consequences of uncertainty with alternative scenarios: PsA case study.

Point 4: Is research possible with approval?
The fourth point on the checklist requires an assessment of what type of evidence is needed and
a judgement of whether or not the research required to generate it can be conducted while the
technology is approved, that is, at the following point in the algorithm:

( What type of evidence is needed? )

Is the
research possible with
approval?

No

This requires judgements about (1) how important particular types of parameters are to
estimates of costs and QALYs, (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 NHEs if the uncertainty in the values of these parameters could be
immediately resolved.

Assessing the importance of parameters

The expected cost-effectiveness of infliximab, adalimumab and palliative care is based on the
relationship between the input parameters (see Table 122) and outputs of costs and QALYs. A
simple summary of the direction and strength of these relationships can be provided by the
elasticity, that is, the proportionate change in NHEs owing to a 1% change in the value of a
parameter (Table 131). Parameters with high elasticities (especially with respect to differences in
NHEs) might be regarded as more ‘important.

Although these measures of importance are more instructive than a series of arbitrary one-way
sensitivity analyses, they do not directly help the assessment of what values parameters must
take to change decisions and how likely such values might be. A simple summary of the values
that particular parameters must take to make each of the alternatives cost-effective can also be
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TABLE 131 Elasticity for small changes (1%) in mean parameter values: PsA case study

Elasticity over the incremental
Elasticity over the NHEs (QALYSs) of NHEs (QALYs) of

2: Etanercept
4: Palliative  vs 4: Palliative  2: Etanercept

Parameter 1:Infliximab  2: Etanercept 3:Adalimumab care care vs all
Natural 1 LT_NH_HAQ —0.15445 —0.08421 -0.2139 —0.04515 -0.0167 —0.24492
history 5 psaARC_NH - - - ~0.004 - -

3 HAQ_NH - - - -0.004 - -

4 PAS_50_NH - - - -0.003 - -

5 PASL75.NH - - - -0.004 - -

6  PASL90_NH - - - —0.004 - -

7 U_HAQ —0.22571 -0.16120 -0.10134 -0.13878 -0.01850 —0.22297

8  U_PASI —0.15774 —0.09167 —0.02711 —0.05061 —0.01766 —0.25942
Treatment 9  Withdrawal -0.19082 -0.12534 -0.06514 -0.09596 -0.01781 -0.23562
effect 10 Prob_PSARC ~ —0.15254 —0.07236 —0.01781 - -0.01478 —0.27423

11 HAQ_noPSARC  -0.15338 -0.08665 -0.02275 - -0.01750 -0.38879

12 HAQ_resp —0.15469 —0.08569 —0.02213 - -0.01698 —0.37380

13 PASI_50 -0.15314 -0.08650 -0.02213 - -0.01752 -0.39059

14 PASI_75 -0.15236 -0.08627 —0.02165 - -0.01766 -0.39315

15 PASI_90 -0.15330 —0.08665 -0.02235 - -0.01752 -0.39095
Cost 16 C_psoriasis —0.16242 —0.09599 —0.03224 -0.05698 —0.01757 —0.25331

17 C_HAQ -0.15838 -0.09263 —0.02796 —0.05167 —0.01774 —0.26011

provided (Table 132). It shows, for example, that if HAQ_resp is valued between -0.371 and
-0.661 for adalimumab (treatment 3) or at —-0.838 for infliximab (treatment 1), treatments other
than etanercept (treatment 2) are deemed cost-eftective. However, although instructive, such
‘threshold values’ do not indicate how likely it is that the threshold will be crossed.

The judgement about how likely it is that parameters might take values that will change

the technology expected to be cost-effective can be informed by the results of the PSA.

The distributions assigned to the parameters in PSA describe how uncertain the parameter
estimates are, such that they ought to reflect the amount and quality of existing evidence. The
probability that each parameter might take values that would lead to each of the alternatives
being cost-effective is reported in Table 133 for the uncertain parameters. This essentially
decomposes the overall probabilities reported in Table 130 into the contribution that each
parameter makes. It indicates that it is uncertainty in the estimates of natural history of HAQ
progression that contributes most to the probability of error associated with etanercept. At
certain values of this parameter treatment 4 (palliative care) would be considered cost-effective.
In addition, uncertainty regarding the treatment effect (measured using HAQ) also contributes
to the probability of error. At certain values treatment 3 (adalimumab) would be considered
cost-effective.

What type of evidence is needed?

An assessment of the likely consequences of the uncertainty described above is required. This
assessment can directly inform the judgement of what evidence is needed and whether or

not the type of research required to generate it will be possible with approval. The expected
consequences of uncertainty associated with each parameter are reported in Table 134. This
decomposes the overall expected consequences into the contribution that each parameter (or
group of parameters) makes. Note that the overall expected consequences of uncertainty will not,
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TABLE 132 Range of parameter values leading to the decision to adopt each of the treatments of interest

Parameter Mean value  1:Infliximab 2: Etanercept 3: Adalimumab 4: Palliative care
Natural 1 LT_NH_HAQ 0.018 - 0.014 10 0.044 - 0.004 10 0.014
history® 2 PSARC_NH 0.249 - 0001100920 - -
3 HAQ_NH -0.218 - —0.9611t00 - -
4 PASI_50_NH 0.130 - 010 0.934 - -
5 PASI_75_NH 0.044 - 010 0.688 - -
6 PASI_90_NH 0.016 - 010 0.530 - -
7 U_HAQ —0.298 - —0.27910 0.315 - -
8 U_PASI -0.004 - —0.003 to 0.005 - -
Treatment 9 Withdrawal -1.823 - -1.189t0 2.711 - -
effect 10 Prob_PSARC® E:0.713 - 0.464 t0 0.883 - -
A 0.587
1:0.795
11 HAQ_noPSARC E:—0.190 - -0.122100.478 - -
A:-0.130
[:-0.194
12 HAQ_resp E:—0.630 -0.838 —0.493 10 0.930 —0.371 t0 0.661 -
A:-0.103
[: -0.650
13 PASI_50 E:0.403 - 0.120t0 0.738 - -
A:0.738
[:0.913
14 PASI_75 E.0.177 - 0.044 10 0.434 - -
A:0.477
1:0.769
15 PASI_90 E:0.074 - 0.01510 0.206 - -
A:0.257
l: 0.557
Cost 16 C_psoriasis 198 - 1291110 250.30 - -
17 C_HAQ 187 - 166.38t0 222.44  — -

A, adalimumab; E, etanercept; I, infliximab.

a Means rebound equal to initial gain.

b For parameters for which there are different values for each of the biologics (etanercept, adalimumab and infliximab) the ranges required to
change the decision to adopt relate to the relevant treatment only, e.g. ranges —0.371 to —0.661 for HAQ response for treatment 3 relate to
adalimumab.

in general, equal the sum of the expected consequences for each of the parameters (or groups

of parameters) separately. This is because the overall consequences take account of the joint
effect of uncertainty in all parameters simultaneously. Even if parameters are independent they
will be related to differences in NHEs in different ways (see Table 134); sometimes the effect of
uncertainty in one parameter may, to some extent, substitute for or complement the effect of
uncertainty in the others. Table 134 confirms that it is uncertainty regarding the natural history
of progression and the treatment effect (HAQ gain for biologics) that contributes towards the
value of further research. There is potentially the most to be gained by resolving this uncertainty
through additional research (8694 and 1201 QALYs or £17M and £2.4M, respectively).
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TABLE 133 Overall probabilities of observing parameter values leading to the decision to adopt each of the treatments

of interest

Parameter 1: Infliximab 2: Etanercept 3: Adalimumab 4: Palliative care
Natural 1 LT_NH_HAQ 0.646 - - 0.354
history 2 PSARC_NH - 1 - -

3 HAQ_NH - 1 - -

4 PASI_50_NH - 1 - -

5 PASI_75_NH - 1 - -

6 PASI_90_NH - 1 - -

7 U_HAQ - 1 - -

8 U_PASI - 1 - -
Treatment 9 Withdrawal - 1 - -
effect 10 Prob_PSARC - 1 - -

11 HAQ_noPSARC - 1 - -

12 HAQ_resp 0 0.812 0.187 -

13 PASI_50 - 1 - -

14 PASI_75 - 1 - -

15 PASI_90 - 1 - -
Cost 16 C_psoriasis - 1 - -

17 C_HAQ - 1 - -

TABLE 134 Consequences of uncertainty associated with parameter values

Expected consequences at the population level (based on PSA), decomposed by treatment
choice, QALYs

Parameter 1: Infliximab 2: Etanercept 3: Adalimumab 4: Palliative care  Overall
Natural 1 LT_NH_HAQ - - - 8694 8694
history 2 PSARC_NH - - - - -

3 HAQ_NH - - - - -

4 PASI_50_NH - - - - -

5 PASI_75_NH - - - - -

6 PASI_90_NH - - - - -

7 U_HAQ - - - - -

8 U_PASI - - - - -
Treatment 9 Withdrawal - - - - -
effect 10 Prob_PSARC - - - - -

11 HAQ_noPSARC - - - - -

12 HAQ_resp - - 1201 - 1201

13 PASI_50 - - - - -

14 PASL_75 - - - - -

15 PASI_90 - - - - -
Cost 16 C_psoriasis - - - - -

17 C_HAQ - - - - -
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The potential benefits of resolving the uncertainty associated with groups of parameters are
presented in Table 135. The most significant consequences of uncertainty associated with
parameters relate to the natural history of PsA (8697 QALYs or £17.4M). Value is also associated
with uncertainty regarding the treatment effect (1201 QALY or £2.4M).

The results in Table 135 suggest that a further observational (registry) study may well be
worthwhile. In addition, there may be reason to believe that a study looking at the effectiveness
of adalimumab, infliximab and etanercept in terms of the HAQ gain for responders might be
worthwhile. It is likely that this research would have to be undertaken as part of a randomised
trial design (RCT). Non-randomised designs, although still imposing significant costs, are likely
to be cheaper than a RCT. It is therefore reasonable to assume that the research associated with
the greatest value (natural history of progression) could be undertaken if infliximab, palliative
care or adalimumab were approved for use in the NHS.

Types and categories of guidance resulting from points 3 and 4
Points 3 and 4 of the checklist are critical because if research is not judged to be worthwhile then
no further assessments are required. In the case of PsA, more research appears to be worthwhile;
the expected consequences of uncertainty are high. Whether the research required to generate
the evidence needed can be conducted while the technology is approved for widespread use will
determine whether AWR or OIR is a possibility. Table 136 summarises the categories and types of
guidance that could ultimately result from the sequence of assessments up to point 4.

Do the benefits of research exceed the costs?

The judgements made at points 5 and 6 of the checklist are critical because if the benefits of
research are not judged to exceed the costs then no further assessments are required (unless there
are significant irrecoverable costs; see Appendix 4). If they are and research can be conducted
with approval, then AWR would be appropriate; however, other sources of uncertainty need to

be assessed first as they will influence the potential benefits of research and, even when research
is not conducted, they will also influence the appropriate category of guidance when there are
significant irrecoverable costs.

TABLE 135 Overall expected consequences for the population as a result of uncertainty over groups of parameters at a
threshold of £20,000 per QALY

Group of parameters Overall expected consequences, QALYs Overall expected consequences, costs (£M)
Natural history 8694 17.4

Utility 0 0

Treatment effect 1201 2.4

Costs 0 0

TABLE 136 Types and categories of guidance that could ultimately result from assessments 3 and 4

Assessment 1 2 3 4 5 6 7 Guidance

7 No No Yes Yes Yes/no Yes - 0IR?
8 No No Yes Yes Yes/no No - Reject’
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Point 5: Will other sources of uncertainty resolve over time?
The fifth point on the checklist requires an assessment of whether or not changes are likely to
occur in the future that will influence the cost-effectiveness of the alternative technologies and
the potential benefits of research, that is, at the following point in the algorithm:

(Assess other sources of uncertainty)

Will this
uncertainty be resolved
over time?

No

This assessment requires information about (1) changes in the prices of the technology and its
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 to inform this assessment for each case
study (see Appendix 4). However, many potentially useful sources were either proprietary or
public access was restricted, making it surprisingly difficult to inform these assessments with
publically available information. When information and estimates were available they were often
not directly relevant to a UK context.

Changes in the prices of the technology and its comparators

Changes in prices influence not only expected cost-effectiveness but also uncertainty and the
potential benefits of research to future patients, for example if the price of a technology expected
to be cost-effective is likely to fall significantly just before research reports the potential benefits
will not be realised because approval of the technology will be less uncertain and there may be
much less or little to gain from the results of the research. This assessment requires information
about when major changes in prices are likely and some evidence about the likely extent of any
changes. A major event in the life cycle of a pharmaceutical technology is the date at which the
patent expires and cheaper generic versions of the brand become available. Although the date

of patent expiry is, of course, known, it is surprisingly difficult to obtain the relevant date for
particular products in the UK from publically available sources. Evidence of the extent to which
the prices of generic versions are below the original brand price is also difficult to obtain and
likely to differ by health-care system, type of technology, indication and time since patent expiry.

Although it was possible in the PsA case study to find patent expiry dates for etanercept
(Enbrel), infliximab (Remicade) and adalimumab (Humira) in the USA (2012, 2014 and 2017,
respectively) they were not available for the UK on the national patent database (Intellectual
Property Office). There is a need to consider how access to the type of information required
during NICE appraisal can be provided and how estimates of likely changes in prices relevant to
the UK can be made readily available, if these assessments are to be routinely made.

Entry of new technologies

The entry of a new technology may make the existing technology that is expected to be cost-
effective obsolete (no longer the most cost-effective alternative). Even when it does not, it will
tend to change the relative cost-effectiveness of the alternatives, influencing how uncertain a
decision to approve the original technology will be for future patients and the potential gains
from research. A number of potential sources of information were examined to identify new
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technologies relevant to the indications that were likely to become available. These included a
variety of sources related to NICE topic selection, information about licence applications and
clinical research in Phases I, I and III as well as evidence of the probability that earlier phase
research leads to entry (probability of successful licence) and the likely time of entry (time to
launch from initiating Phase I, IT and III research). Again, this information and evidence is
fragmented and in some cases restricted, for example NHS Horizon Scanning Centre’.

It is known from the STA update (golimumab)?” that a new comparator was available

within 1 year of TA199.'% There is a single trial for this comparing golimumab with placebo.
Results showed that golimumab was not as effective as other strategies. To update the
searches from this period onwards, new licence applications since the golimumab STA were
searched using www.ukmi.nhs.uk/applications/NDO/dbSearch.asp. The terms ‘etanercept,
‘infliximab’ and ‘adalimumab’ were used. A total of 742 records were found of which two were
relevant (apremilast and certolizumab); however, these were not ongoing at the time of the
NICE appraisal.

As no new evidence would have been available at the time of TA199'* (golimumab trial
anticipated but results not known), information about the technology is assumed to be limited.
As such, scenarios are used in Point 6: Are the benefits of research greater then the costs? to explore
the implications of this.

Other research reporting of the technology and its comparators

Research that is already under way, commissioned or likely to be undertaken, whether in the UK
or elsewhere, is relevant for two reasons. First, if it is research based in the UK then guidance
might impact on recruitment and the successful completion of this research. Second, when this
research reports there is a chance that it will change the estimates of cost-effectiveness and resolve
some of the current uncertainties. In other words, there is little to be gained by recommending
OIR or AWR if the uncertainty is likely to be resolved in the near future when other research
reports. A number of potential sources of information were examined to identify clinical
research under way at the time of the relevant appraisal, including national and international trial
registries (e.g. ClinicalTrials.gov, WHO ICTRP, Current Controlled Trials) and other databases
that report NHS-funded research and not just clinical trials (e.g. NRR and UKCRN). Searches
were also conducted for the recent STA. %’

Despite an assiduous search no relevant records were identified. This may suggest that no other
research was ongoing or expected for these comparators in these indications or it may indicate
that currently available sources are fragmented, incomplete and/or difficult to access.
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Point 6: Are the benefits of research greater than the costs?
The sixth point on the checklist requires a judgement on whether or not the potential benefits of
conducting further research (initially considered at point 3) are likely to exceed the costs, that is,
at the following point in the algorithm:

Will research be conducted?
When will it be available?
How much will be resolved?

I
[ Reassess the benefits and costs ]

of further research

Are the
benefits of research greater
than the costs?

No

This requires an assessment of (1) whether or not the type of research that is required is likely
to be conducted, (2) if conducted, when the results are likely to be available, (3) how much
uncertainty is likely to be resolved and (4) the likely impact of any other sources of uncertainty
on the longer-term benefits of research.

Will the research be conducted?

Even if research is recommended, it might not be undertaken by manufacturers or commissioned
by research funders, and there is no guarantee that research will be able to recruit or complete.
The expected consequences of uncertainty for PsA reported in Point 3: Does more research

seem worthwhile? are illustrated in Figure 81 for a range of probabilities that research will be
successfully undertaken. The potential gains from research depend on a judgement of whether
the research recommended as part of OIR or AWR will be successfully completed. The cost

of research (in this case considered to be either £1.5M or £10M) can be compared directly

with the potential benefits by either expressing the potential gains in population NHEs as the
equivalent NHS resources (i.e. the resources that would be required to generate the same NHEs)
or expressing the cost of research in terms of the QALY that could be gained elsewhere in the
NHS by using the same resources to provide access to health care. Figure 81 shows the expected
benefits of research minus its costs. Even assuming a cost of £10M for research the benefits of
research outweigh this at all probabilities >0 of research being conducted.

When will it be available?

Research, even if commissioned and successfully completed, will take time to complete and
report; therefore, any assessment of the potential benefits should account for the fact that patient
populations will not benefit from the results of research until they are available. If treatment
decisions are irreversible (e.g. an acute indication or a irreversible chronic condition such as PsA)
then it is only those patients who are incident after the research reports who will realise any of
the potential benefits. For treatment decisions that are not irreversible, prevalent and incident
patients can benefit from the results of the research. Patients prevalent while the research is
undertaken will not benefit immediately but those who survive can benefit from the results once
the research is completed.
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FIGURE 81 Expected potential benefits of research.

How long research might take to report will depend in part on the design (follow-up, sample size
and end points), recruitment rates and size of the eligible patient population, as well as on how
efficient the organisation and data collection might be.

The time needed for research to report may be unknown. Table 137 shows that the time to report
affects the maximum that one should be willing to invest in research. If research will take 5 years
to report the maximum one should be willing to invest decreases by around £323M. Figure 82
shows the boundary for the maximum that one should be willing to invest in research.

How much will be resolved?

How much of the uncertainty will be resolved depends on the type of research likely to be
undertaken. In Point 4: Is research possible with approval? the potential benefits of different
types of evidence were assessed. In the case of PsA, the most benefit can be gained by resolving
the uncertainty regarding the natural history of PsA progression (measured using the HAQ).
Table 138 reports the potential benefits of research by delay in research reporting. As long as
research reports before 4 years, the potential benefits are likely to exceed the costs. This table
shows that one should be willing to invest the most in research relating to the natural history of
disease progression (measured using the HAQ). This is associated with the highest value across
all potential delays to research reporting.

What is the impact of other sources of uncertainty?

In Point 5: Will other sources of uncertainty resolve over time?, no information was identified
relating to a change in price or other research reporting. There is evidence of new technologies
emerging for PsA although it was unclear at the time of TA199'* what the impact of this would
be. Different scenarios are therefore explored below. In scenario A the new technology enters at
year 5 and makes etanercept entirely obsolete, that is, not cost-effective and not uncertain. At
this point there is no value in the evidence generated by research about PsA; therefore, in these
circumstances the potential value of research is likely to exceed its costs only if it reports quickly.
In scenario B the new technology enters at year 5 and has similar NHEs to etanercept and the
uncertainty surrounding its expected cost-effectiveness is also similar. Now research about PsA
has more potential value in the future as it will also help resolve some of the uncertainty in

the choice between etanercept and the new technology for patients who become incident after
that time.
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TABLE 137 Maximum amount that one should be willing to invest in research by time to research reporting

Time from adoption to research

reporting, years Maximum cost of research, £M
0 (instant reporting) 707
1 647
2 584
3 520
4 453
5 384
6 312
7 238
8 161
9 82
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FIGURE 82 Boundary for the maximum costs that one should be willing to invest in research by time to research
reporting.

TABLE 138 Potential benefits of research by time to research reporting

Maximum cost of research informing specific parameter sets, QALYs (EM)

Time from adoption to research reporting Natural history Treatment effect Utilities Costs
Immediate 8694 (17.40) 1201 (2.40) 0 0
1 7683 (15.38) 1061 (2.12) 0 0
2 6708 (13.42) 926 (1.85) 0 0
3 5765 (11.53) 796 (1.59) 0 0
4 4854 (9.71) 670 (1.34) 0 0
5 3974 (7.95) 549 (1.09) 0 0
6 3123 (6.25) 431 (0.86) 0 0
7 2302 (4.61) 372 (0.63) 0 0
8 1508 (3.02) 208 (0.42) 0 0
9 741 (1.48) 102 (0.20) 0 0
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Tables 139 and 140 evaluate alternative times of introduction of the new technology in scenarios
A and B. Under scenario B there is still some value in conducting further research even when
research will not report until some point in the future. This is greater if the new technology is
available sooner rather than later. It must be noted that the potential values of research presented
in these tables, even after accounting for the type of evidence, follow-up and time until research
reports, should still be regarded as upper bounds to the values that are likely to be realised by
actual research for two reasons: (1) even well-designed research with large sample sizes will not
fully resolve the uncertainty in the value that a parameter might take, especially in specific target
populations and in a particular (future) context, and (2) insofar as implementation of NICE
guidance is not ‘perfect’ and all clinical practice might not immediately respond to the results

of research, the full benefits will be realised only over time or with additional implementation
efforts. For these reasons a judgement of whether or not the benefits of research are likely to
exceed the costs might be made conservatively, requiring evidence that, even in pessimistic
scenarios, the research would still be worthwhile.

Types and categories of guidance resulting from points 5 and 6
The assessment that the benefits of research are likely to exceed the costs leads to a final decision
at point 6 in the checklist, therefore negating the need to make the assessments at point 7
(Table 141). The decision is to recommend OIR. The model parameter associated with the
greatest value is the progression of disease, as measured using the HAQ. There is also some value
associated with establishing the effectiveness of biologics, measured using HAQ response. The
first of these uncertainties could be addressed by commissioning an observational study, perhaps
a registry. The second issue is likely to require a RCT.
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TABLE 139 Potential value of research by time to report for a range of times of entry of the new technology under
scenario A

Time from Maximum cost of research for possible times of introduction of a new technology, £M

adoption to

research

reporting, Not Immediate
years introduced 9vyears 8years 7years 6Gyears 5years 4years 3years 2years 1year introduction
0 (instant 706.83 646.58 58422 519.68 45287 38373 31217 23811 16150 8210 O
reporting)

1 624.71 564.46 50210 43756 370.76 301.62 230.06 155.99 79.33 0 0

2 545.37 48512 42276 35822 29142 22228 150.72 76.65 0 0 0

3 468.72 408.47 346.11 28156 21476 14562 74.06 0 0 0 0

4 394.65 334.40 27204 20750 14070 71.56 0 0 0 0 0

5 323.09 262.84 20048 13594 69.14 0 0 0 0 0 0

6 253.95 19370 13194 6680 O 0 0 0 0 0 0

7 187.15 126.90 6454 0 0 0 0 0 0 0 0

8 122.61 62.36 0 0 0 0 0 0 0 0 0

9 60.25 0 0 0 0 0 0 0 0 0 0

TABLE 140 Potential value of research by time to report for a range of times of entry of the new technology under
scenario B

Time from Maximum cost of research for possible times of introduction of a new technology, £M

adoption to

research

reporting, Not Immediate
years introduced 9years 8years 7years 6years 5years 4years 3years 2years 1year introduction
0 (instant 706.8 1140.0 15887 20529 25334 3030.7 35454  4078.1 4629.4 5200.1 5790.7
reporting)

1 624.7 1058.0 1506.6 1970.8 24513 29485 34632 3996.0 45473 51180 5118.0

2 545.3 9787 14272 18914 23719 2869.2 33839 3916.0 4468.0 4468.0 4468.0

3 468.7 902.0 1350.6 1814.8 22953 27925 3307.2 3840.0 3840.0 3840.0 3840.0

4 394.6 828.0 12765 17407 22212 27185 32332 32332 32332 32332 32332

5 323 756.4 12049 1669.2 21496 26469 26469 26469 26469 26469 2646.9

6 253.9 687.3 11358 1600.0 2080.5 2080.5 2080.5 2080.5 2080.5 2080.5 2080.5

7 1871 620.5 1069.0 15332 15332 15332 1533.2 15332 15332 15332 15332

8 122.6 5559  1004.4 1004.4 1004.4 10044 10044 10044 1004.4 1004.4 1004.4

9 60.2 493.6 4936 4936  493.6 493.6 493.6 493.6 493.6  493.6 4936

TABLE 141 Type and category of guidance that could ultimately result from assessments 5 and 6

Assessment 1 2 3 4 5 6 7 Guidance
7 No No Yes Yes Yes Yes - OIR?
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Appendix 11

Technical notes to the case studies

Model linearity and correlation between parameters

Evaluating cost-effectiveness and the need for further research (and its value) using a decision
model may pose analytical challenges if, for example, the model is non-linear or there is
correlation between input parameters. In a linear model that does not feature correlation
between parameters it is possible to calculate cost-effectiveness using a deterministic analysis,
and the value of further research using one loop of simulation, otherwise more burdensome
simulation procedures may need to be implemented. Independence between parameters (or
the absence of correlation) is important if parameters need to be evaluated separately for their
impact on decision uncertainty and the value of further research.” The existence of correlation
depends greatly on how the input parameters were estimated; however, correlation may not have
a significant impact on the results (i.e. in the assessment of linearity and in estimating the value
of further research for specific parameters). An investigation of model linearity is required if it
is proposed to use a deterministic analysis to inform the assessments described in Chapter 5.
An investigation of correlation is required to know whether or not a deterministic analysis may
be appropriate in some circumstances, and also to know what information can be presented to
inform the assessments at points 3, 4 and 6 of the checklist described in Chapter 5.

Exploring model linearity
Why is model linearity important?
A decision model is a function used to calculate NHEs based on a set of P input parameters
0=1{6,,0,... .,ep}. The model can be represented as a function g(.) such that NHE =g(0). The input
parameters are uncertain and thus in estimating the expected NHEs the following expression
needs to be evaluated: E[NHE] =E[g(0)]. It is current practice that this expectation is evaluated
using a Monte Carlo simulation procedure (PSA), which entails (1) simulating from the
distribution of the parameters, (2) evaluating the NHEs for each set of simulated parameters
and (3) calculating the expectation by averaging the NHEs obtained from the simulations.
Although the single Monte Carlo simulation procedure required to estimate cost-effectiveness is
usually not too burdensome, the need to evaluate nested expectations in estimating the value of
further research (for specific parameters) implies using nested simulations and therefore a much
higher computation time." If the analysis becomes unfeasible, analysts may either choose not
to proceed or choose to apply simplifying assumptions (e.g. reduce the number of Monte Carlo
simulations used).

The calculation of expected NHEs can however be simplified if g(.) is linear or multilinear in its
parameters. In this case, E[g(0)] is equal to g(E[0]) and hence expected NHEs can be computed
in a single calculation with the parameters set to their expected values (deterministic analysis), in
this case eliminating the need for simulation procedures. However, the presence of non-linearity
implies that the desired model output cannot be expressed as a function of the parameters

set to their expected values, and proceeding with such a deterministic analysis will return

biased results.
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When is a model linear or multilinear?

Linearity happens when g(.) represents a sum (or subtraction) of parameters (e.g. g(6,,8,) =6, +6,,
in which case E[6, +0,] =E[6 ] + E[6,]). For this relation to sustain, it is not necessary that

the summands are mutually independent. When the NHE function contains products of
(independent) parameters, g(.) is said to be multilinear. If, for example, the NHE can be
calculated using the product of 8, and 6,, that is, g(8,,6,) =6 x6,, then E[0,x8,] is equal

to E[0,]xE[6,]. This is valid only if 6, and 6, are independent. However, if the covariance
(correlation) between these parameters is close to zero, this relation might be assumed to sustain.

How can model linearity be evaluated?

Evaluating model linearity is fairly straightforward if g(.), the decision model, can be defined
using algebraic descriptions. In this case, even if the model is apparently non-linear there may be
a way to express the conditional NHEs as a linear (or multilinear) function of transformations of
parameters by rearranging the model equations. When the model function is complex it may be
more difficult to express it algebraically, which impedes a direct evaluation of linearity.

In complex models, evaluating non-linearity can be carried out by comparing deterministic

and probabilistic results. A first step may be to evaluate its impact over the overall cost-
effectiveness results (NHEs). For this, the expected NHEs using probabilistic, that is, E[f(0)],
and deterministic, that is, (E[0]), estimates can be obtained and compared. Sufficient Monte
Carlo simulations must be run to obtain a stable probabilistic estimate of E[f(8)]. If this differs
significantly from the deterministic estimate, it can be said that the model is non-linear. It

may happen that the bias differs but is the same for all strategies. In this case, the existence

of non-linearity may not be significant in the sense that the conclusions drawn from the
cost-effectiveness analysis will not change. Observing that the deterministic and probabilistic
estimates do not differ in term of expected NHEs does not ensure that the model is linear, as the
estimates of the value of resolving all uncertainty in a specific parameter may still be affected.

It is thus important to also evaluate linearity using the expected NHEs when conditioned on
specific values of a parameter of interest (spanning through its plausible range).© Estimates of the
consequences of uncertainty calculated using or not using the assumption of linearity can also
be compared.

If the assumption of linearity is rejected then model outputs should be estimated on the basis of
probabilistic analysis. The evaluations of linearity proposed here require that some probabilistic
analysis be conducted; however, it could potentially reduce computation time if, conditional on
the model appearing to be linear, additional analysis could be based on deterministic results.
Note again that observing a difference between deterministic and probabilistic results indicates
non-linearity but not observing a difference does not guarantee linearity.

Exploring correlation
The existence of correlation between parameters depends on how these input parameters were
estimated. Examples of when correlated quantities are used to inform a model may be when more
than one coefficient derived using a regression analysis is used to predict prognosis, or potentially
when multiple results from an evidence synthesis procedure are used.

Why is correlation important?

Correlation is important because under certain conditions it may determine non-linearity (see
Exploring model linearity). Also, it may determine how the value of resolving uncertainty on
specific parameters is evaluated. In undertaking these calculations it is necessary to evaluate
the expected NHEs when the parameters of interest take particular values while the remaining
parameters are still uncertain (conditional NHE estimates, as described in Exploring model
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linearity; see notes a and b). Thus, in the presence of correlation, the distribution of the remaining
parameters depends on the value assumed for the parameter(s) of interest, and this needs to be
accounted for. On some occasions we may know these conditional distributions, in which case
we may be able to explicitly use these in the estimation.! For example, coefficients from a linear
regression analysis are commonly assumed multivariate normally distributed, where regression
estimates inform both the means and the variance/covariance matrix. However, in other cases,
information on the conditional distribution of sets of parameters may not be easy to obtain,

for example when we have no access to more detailed results of analysis, or when correlation

is implicitly introduced in the analyses, for example through the use of a random effect across
parameters when relative treatment effects for multiple treatments were obtained jointly in a
mixed-treatment comparison.

Note that if the parameters 6 are probabilistically independent of the parameters 6%, correlation
does not play a part in computations, even if the subset of parameters in 6 are not independent
between themselves or the subset of parameters in 0' are not independent between themselves.
Parameters that are possibly correlated can thus be grouped (e.g. natural history parameters
can be evaluated separately from treatment effect parameters) to avoid dealing explicitly with
correlation.© In this case, however, conclusions over individual parameters cannot be drawn.

In some situations it may be important to evaluate the parameters individually, especially if
there is the need to further evaluate specific research designs (e.g. comparators for RCTs). In
this context, correlation between parameters cannot be ignored as the results of investigations
will be biased. If we suspect that there may be correlation between the parameter(s) of interest
and its complementary set, and if this cannot be explicitly accounted for, it may be worth
evaluating the presence of correlation and its impact on the results,! instead of proceeding to
assume independence.

How can correlation and its impact be evaluated?
An evaluation of the existence and impact of correlation can be conducted by exploring:

1. Between-parameter correlation: The issue is that when non-monotonic transformations of
parameters are used to define the model evaluating correlation between the untransformed
parameters may not be informative.

2. Impact of correlation in cost-effectiveness: Consider two possibly correlated parameters, 0,
and 6,. We will examine the case in which the NHE of treatment A is a function of 6 and the
NHE of treatment B is a function of 6,. In the absence of correlation, alternative values of 6,
should not impact on cost-effectiveness estimates of treatment B - only through correlation
the latter may change.®

3. Impact of correlation in decision uncertainty: The previous assessments aim to evaluate the
impact of correlation on the values assumed by the expected NHEs. However, even small
changes in the expected NHEs due to correlation can meaningfully impact on the adopt
decision and/or on the maximum NHEs attained. It may be tempting to assess the impact
of correlation by calculating the value of resolving uncertainty for potentially correlated
parameters individually (i.e. assuming independence), summing these and comparing this
sum with the estimate obtained by assessing the value of resolving uncertainty for the group
of potentially correlated parameters; however, even in the presence of independence these
values may not be equal.

As with the explorations proposed for linearity, the absence of evidence of correlation does not
mean that there is no significant correlation; thus, care is needed in using the assumption of
independence in further analysis.
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Accounting for the investment profile of displaced interventions

When an intervention is approved that is more costly than its comparator the additional cost of
the new intervention must be funded at the expense of other interventions in the NHS. Thus,

the approval of a new intervention displaces the comparator, a less effective or more costly
intervention used to treat the same disease, and other interventions in the NHS used to treat
other diseases. The amount of this additional displacement depends on the difference in budget
impact between the newly approved intervention and its comparator. The opportunity cost of
new interventions has been well described in the literature and is the key economic argument for
needing a threshold in a budget-constrained system. If the new intervention is more cost-effective
than the intervention displaced then the health system efficiency has improved.

As funders make decisions about providing a new intervention they are interested not only in
the total costs and health effects but also in how these costs and health effects are accrued over
time. The accrual of costs and health effects can be shown using the investment profile previously
described. Additional research or other sources of uncertainty resolving over time can cause the
reimbursement decision to be reversed before the end of the lifetime of the intervention (the
time horizon that was used in assessing cost-effectiveness). For some interventions a change of
guidance would not prevent the investment profile from being completed; however, in those
circumstances in which the accumulation of NHEs would cease at the point of a change in
guidance, the investment profile can inform the decision-maker about the potential risk in terms
of the NHEs accumulated to that point.

The incremental investment profiles used in this report take into account the timing of the costs
and health effects of both the new intervention and its comparator(s); however, the incremental
investment profile does not take into account the investment profiles of the additionally displaced
non-comparator interventions because at the time of approval it is unknown which current
interventions will be displaced. Because the investment profiles of the displaced interventions are
not known it is important to assess the implicit assumptions being used and their implications.

In the investment profiles presented in the main report and the case studies (see Appendices
7-10) we consider the overall NHEs of the displaced interventions using the cost-effectiveness
threshold (k). What we have not taken into account is how the overall NHEs of the displaced
interventions are accrued over time.

For many interventions upfront costs are offset over time by future health benefits. Table 142
shows the population costs (C), health effects (H) and NHEs for two mutually exclusive
interventions. The lifetime of use for the interventions is assumed to be 10 years, after which they
are assumed to be obsolete.

Figure 83 shows the cumulative population NHEs for the two interventions from Table 142.

The cumulative NHE of a new intervention must be higher than that of its comparators for it

to be considered cost-effective. This means that the incremental cumulative NHE of the new
intervention relative to the comparator will be positive at the end of the time horizon of interest.

Figure 83 shows that the NHEs of the new intervention do not become positive until year 4. The
cumulative NHEs from the new intervention do not exceed those offered by the comparator
until year 6. As can be seen from Table 142, discontinuing the existing comparator would release
£20,000 to fund the new intervention, which leaves a shortfall of £8000. Additional interventions
must be displaced to fund this £8000." Table 143 shows three alternative scenarios for how the
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TABLE 142 Is the new intervention cost-effective and what are the risks?

New intervention Comparator Incremental NHE
Year C(g) H NHE Cumulative NHE C (£) H NHE Cumulative NHE  Per period Cumulative
1 10,000 030 -0.20 -0.20 6000 0.30 0.00  0.00 -0.20 -0.20
2 10,000 030 -0.20 -0.40 6000 0.30 0.00  0.00 -0.20 —-0.40
3 1000 032 0.27 -0.13 1000 0.25 020 020 0.07 -0.33
4 1000 0.34 0.29 0.16 1000 0.25 0.20  0.40 0.09 -0.24
5 1000 0.36 0.31 0.47 1000 0.25 0.20  0.60 0.11 -0.13
6 1000 0.38 0.33 0.80 1000 0.25 0.20 0.80 0.13 0.00
7 1000 040 0.35 1.15 1000 0.25 0.20 1.00 0.15 0.15
8 1000 040 0.35 1.50 1000 0.25 0.20 1.20 0.15 0.30
9 1000 040 0.35 1.85 1000 0.25 0.20 1.40 0.15 0.45
10 1000 040 0.35 2.20 1000 0.25 0.20 1.60 0.15 0.60
Total 28,000 360 220 20,000 2.60 1.60 0.60
2.5
2.0+
[2]
3
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FIGURE 83 Cumulative NHEs of new and comparator interventions.

additional displaced interventions accrue incremental NHEs over time (relative to the relevant
next best alternative comparator intervention).

In scenario 1 the additional displaced interventions could be described as ‘more risky’ as they
do not break-even until year 10. In scenario 2 the accumulation of NHEs is constant over time
and so the interventions could be described as ‘no risk’ In scenario 3 the additional displaced
interventions initially have positive incremental NHEs and so could be described as ‘less risky”
Figure 84 shows the cumulative incremental NHE curves of average displaced interventions for
each of these scenarios. Note that the cumulative incremental NHEs of the additional displaced
interventions are always equal to zero at year 10, which is consistent with the assumption
underlying the use of a cost-effectiveness threshold.

Figure 85 shows the incremental NHE curve for the new intervention relative to its comparator
(solid black line). This incremental curve is equivalent to those used in the main report and
case studies (see Appendices 7-10), which take into account the timing of the incremental NHEs
relative to the comparator and the opportunity costs of the additional displaced interventions,
but not the timing of the NHEs of the displaced interventions. This would suggest that the

© Queen’s Printer and Controller of HMSO 2012. This work was produced by Claxton et al. under the terms of a commissioning contract issued by the Secretary of State for Health.
This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals provided that
suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be addressed to NETSCC.



312 Appendix 11

TABLE 143 Cumulative incremental effects of additional displaced interventions

Year C®) H NHE Cumulative NHE
Scenario 1: more risky

1 800 -0.06 -0.10 -0.10
2 800 -0.06 -0.10 -0.20
3 800 -0.06 -0.10 -0.30
4 800 -0.01 -0.05 -0.35
5 800 0.04 0.00 -0.35
6 800 0.04 0.00 -0.35
7 800 0.09 0.05 -0.30
8 800 0.14 0.10 -0.20
9 800 0.14 0.10 -0.10
10 800 0.14 0.10 0.00
Total 8000 0.40 0.00

Scenario 2: no risk

1 800 0.04 0.00 0.00
2 800 0.04 0.00 0.00
3 800 0.04 0.00 0.00
4 800 0.04 0.00 0.00
5 800 0.04 0.00 0.00
6 800 0.04 0.00 0.00
7 800 0.04 0.00 0.00
8 800 0.04 0.00 0.00
9 800 0.04 0.00 0.00
10 800 0.04 0.00 0.00
Total 8000 0.40 0.00

Scenario 3: less risky

1 800 0.14 0.10 0.10
2 800 0.14 0.10 0.20
3 800 0.14 0.10 0.30
4 800 0.09 0.05 0.35
5 800 0.04 0.00 0.35
6 800 0.04 0.00 0.35
7 800 -0.01 -0.05 0.30
8 800 -0.06 -0.10 0.20
9 800 -0.06 -0.10 0.10
10 800 -0.06 -0.10 0.00
Total 8000 0.40 0.00

break-even point at which the cumulative NHEs became positive was at year 6. By considering
different risk profiles of the displaced interventions we can see the difference in effect on the
accumulation of NHEs, taking into account the total displaced interventions. If the investment
profile of the displaced interventions is constant then the inclusion of the displaced interventions
has no effect on the investment profile of the new intervention. If the investment profile of the
displaced interventions is initially positive then the break-even point of the new intervention
investment profile has been underestimated by not considering the displaced interventions. If the
investment profile of the additional displaced interventions is initially negative (‘more risky’), the
break-even point will have been overestimated.
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FIGURE 84 Cumulative incremental NHEs of additional displaced interventions.
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FIGURE 85 Cumulative incremental NHEs of the new intervention.

From the examples demonstrated the investment profile and break-even point of the

new intervention is affected by its budget impact compared with the cost of the displaced
interventions. The larger this difference the more interventions will be displaced and the more
influence displaced interventions will have on the new interventions risk profile. The investment
profile of the new intervention is also affected by the shape of the investment profile of the
displaced intervention. If the displaced intervention has a non-constant investment profile

then the current evaluation will change by whether it is more or less risky than the displaced
intervention. If the displaced intervention has a riskier profile than the new intervention then the
investment profile of the new intervention will be underestimated by not taking into account the
displaced intervention. If the displaced intervention has a less risky profile then the investment
profile of the new intervention will be overestimated by not taking into account the displaced
intervention. And if there is no risk to the displaced intervention then the investment profile of
the new intervention is not affected.

It is tempting to think that displaced interventions are likely to have reached the positive NHEs of
their investment profile and that the risk of new interventions is being underestimated; however,
all previous NHEs of displaced interventions must be considered sunk and the investment profile
should be considered starting at the point of the decision moving forward, thus for the incident
population of those who would receive the displaced intervention.
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Appendix 11

Why the consequences of uncertainty differ from mean
incremental effects

A decision based on expected NHEs may be incorrect if the true value of the underlying evidence
suggests that an alternative intervention to the one reimbursed would have offered greater health
gains. The probability that a decision to recommend a particular intervention is incorrect is
equal to the probability of observing a state of the world in which a different intervention would
maximise NHEs. The cost of making such an error, measured as health forgone, is determined
by the difference in NHEs between the intervention that was selected and the best that could
have been achieved. Thus, the expected cost of uncertainty, regarding the choice of the optimum
treatment, is a function of the probability of making such an error and the amount of health
forgone if the wrong treatment were selected. By avoiding reimbursement of an intervention that
turns out to be cost-ineffective, the decision-maker would expect better health gains overall. As
such, the expected cost of uncertainty describes the magnitude of the health gains that could

be achieved by eliminating the decision uncertainty. An estimate of the cost of uncertainty is
required to inform the assessments made from point 3 of the checklist described in Chapter 5.

Estimating the cost of uncertainty

Assessing the cost of uncertainty requires estimates of the probability that the decision will be
incorrect and the size of the associated health losses. Consider the simple example in Table 144
comparing two alternative interventions, j=1,2. The available evidence (parameters) used to
calculate the NHEs for a typical patient who receives either intervention is described by 6 This
parameter can take one of four possible values.

Intervention 2 has the highest expected NHEs, max E,NHE(j,6) = 0.6, and would
therefore be regarded as cost-effective based on ctrrent evidence. The incremental
net health benefit from reimbursing intervention 2 instead of intervention 1 would be
E,NHE(2,0) - E,NHE(1,8) =0.6-0.5=0.1.

The probability of error and the consequences of that error in terms of health forgone can be
estimated directly from the results of PSA. If, subsequent to intervention 2 being reimbursed, it
was learned that the true value of 6 was actually 3 or 4 (not 1 or 2), the decision based on current
evidence would have been incorrect as intervention 1 would have offered greater NHEs and
should have been reimbursed instead of intervention 2. The probability of making an error is
therefore 0.5 (50%), assuming that all values of 0 are equally likely. The consequences of this error
in terms of health forgone are described by E,NHE(1,3) - E NHE(2,3)=0.6-0.4=0.2 for 6=3 and
E,NHE(1,4) - E[NHE(2,4) =1.0-0.8=0.2 for 6 =4. This gives an expected health loss of 0.2. This
expected health loss from making the wrong decision must be multiplied by the probability of
error (50%) to express it in terms of the expected cost of uncertainty: 0.5x0.2=0.1.

TABLE 144 Expected and maximum NHEs per patient

0 NHE(1,6) NHE(2,6) Max. NHE
1 0.4 05 05
2 0.1 07 07
3 0.6 0.4 0.6
4 10 0.8 10
E, 05 0.6 07

Max., maximum.
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In the absence of a probabilistic analysis, an assessment of expected NHEs can be made based
on a deterministic analysis if the underlying model is linear or is multilinear with independent
parameters. However, a deterministic analysis provides no information on the probability and
consequences of error, and so an assessment of the cost of uncertainty would have to be made on
the basis of additional, perhaps informal, considerations. Note that in this example the expected
health loss if intervention 2 was selected in error is 0.2, which is greater than the incremental
NHE of intervention 2 compared with intervention 1 across all values of 8 (0.1). In general,

the difference between the expected NHEs of competing interventions cannot provide a good
approximation of the consequences of uncertainty.

Why averaging scenarios may be misleading

One source of uncertainty in estimating the true value of the expected costs and health outcomes
associated with alternative interventions has been described variously as modelling, structural
or scenario uncertainty. Scenario uncertainty arises when alternative plausible modelling
assumptions can be made. Potential sources of scenario uncertainty include alternative
assumptions about which sources of evidence are relevant to the decision problem, the choice

of mathematical model to estimate model parameters and the type and structure of the decision
model that is used to generate estimates of costs and health outcomes. Unless the scenario
uncertainty can be characterised by a parameter within the decision model, its impact on
decision uncertainty will not be reflected in routine PSA based on Monte Carlo simulation and
further analytical processes are required. This section describes in more detail how to estimate
appropriately the value of further research in the presence of both parameter and scenario
uncertainty. This is relevant when providing information for the assessments required at points 3
and 4 of the checklist described in Chapter 5.

How to estimate cost-effectiveness in the presence of scenario uncertainty
The estimation of expected costs, ¢, and health outcomes, h, will be informed by the available
evidence, 0, and the set of assumptions, s, that characterise a particular scenario. The results of a
cost-effectiveness analysis for each alternative intervention, j, can be expressed in terms of NHEs,

NHE(j0.9)=h(j,0.9- 222,

where k is the cost-effectiveness threshold.

The assessment of cost-effectiveness is made by taking the expectation of NHEs across the
parameter uncertainty and the range and likelihood of the alternative scenarios, E,E NHE(j,0,s).

Parameter uncertainty (uncertainty as to the true value of 0) can be characterised by assigning
probability distributions to the model parameters. This allows the results of the model to be
evaluated by PSA; a Monte Carlo simulation procedure can be used to repeatedly sample from
those distributions a set of model inputs, and for each set calculate the corresponding model
outputs. The expectation of the model outputs is found by averaging across the results of the
Monte Carlo simulation. If scenario uncertainty has not been characterised by a probability
distribution and sampled simultaneously alongside the parameter values, that Monte Carlo
simulation procedure will estimate the expectation of NHEs across parameter uncertainty within
a single scenario, for example E,NHE(j,0,s=1). The Monte Carlo simulation procedure must then
be repeated for each possible scenario. The expected NHEs across parameter uncertainty from
each scenario can then be combined utilising the likelihood of each possible scenario to describe
the expected NHEs across both parameter and scenario uncertainty.
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How to estimate the value of research in the presence of
scenario uncertainty
The best that a decision-maker could do would be to select the intervention that

maximised health gains for a particular realisation of 0 and s. The expected NHE
associated with this error-free choice is EyE, max NHE(f,0,s). The maximum value of
further research that would eliminate all uncertainty, including scenario uncertainty, is
EVPI,, = E,E, max NHE(},8,5)— max E,E,NHE(},6,s).

J J

Given that we believe a certain scenario to be true, for example scenario 1, the maximum value of
further research to eliminate parameter (0) uncertainty is

EVPI,_, =E, m}axNHE(j,O,s =1)- max E,NHE(j,0,s=1).

Combining the expected value of further research within each possible scenario using the
likelihood of each scenario would not describe the value of research that would eliminate both
scenario and parameter uncertainty. When alternative scenarios would suggest that different
interventions would be expected to be cost-effective the NHEs of choosing the best intervention
when integrating both parameter and modelling uncertainty cannot be found by averaging the
NHEs of choosing the best intervention within each scenario. This is because

max E_E,NHE(j,0,s)# E, l:maerNHE(j,G,s):I.
J J

Averaging across the scenarios in this way ignores scenario uncertainty as it assumes that the
decision-maker can select alternative treatments based on knowing how the scenario uncertainty
is resolved. It is only when scenario uncertainty is not associated with decision uncertainty, that
is, when the same intervention would be identified as cost-effective in all scenarios, that this
would produce an unbiased estimate of the value of further research.

An appropriate method by which to evaluate the value of further research that would eliminate
both parameter and scenario uncertainty would be to stack the Monte Carlo simulations,
ensuring that the proportion of Monte Carlo simulations selected from the PSA within each
scenario corresponds to the likelihood of that scenario being correct. To produce representative
results this may require a larger number of simulations than would be selected based on
consideration of parameter uncertainty alone, particularly if the likelihood of any particular
scenario is low.

Measures quantifying the maximum value of eliminating uncertainty in either
parameters or scenarios can also be of importance. The maximum value of further
research to eliminate parameter (0) uncertainty when scenario uncertainty is present is
EVPI, = E;max E_ NHE(j,0,s)— max E;E NHE(},0,s). The maximum value of further
research to eliminate scenario uncertainty in the presence of parameter uncertainty is
EVPI, = E, max E,NHE(j,0,s)— max E;E NHE(},0,s).

J J

Example

Table 145 presents the NHEs for each intervention based on competing plausible forms of the
function NHE(},0,s); s=1,2. It is assumed that each value of 0 is equally likely and each scenario
is equally plausible. Therefore, the expectation across parameter or scenario uncertainty can be
found by averaging across the relevant set of results.

Based on scenario 1 it would appear that intervention 1 is cost-effective as it offers the greatest
expected NHEs: max E,NHE( j,0,s =1) =5281; however, in the alternative scenario 2 the
J
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NHE:s of intervention 2 are estimated to be larger than those associated with intervention 1
and so intervention 1 no longer appears cost-effective: max E,NHE(},0,s = 2)=5688. In the
presence of both scenario and parameter uncertainty it would appear that intervention 1 is
cost-effective: max E,E NHE(j,0,s) =5281. Averaging across the expected NHEs from within
each scenario result would be equivalent to assuming that the decision-maker could select
a different intervention based on how the scenario uncertainty resolved, giving expected
NHESs of E, max E,NHE( j,0,s) = 5485.

J

Table 146 presents the value of further research for a range of possible research questions.

TABLE 145 Population NHEs for alternative scenarios

Overall population

0 NHE(1,0) NHE{(2,0) Max. NHE
Scenario 1 (base case)

1 4125 3250 4125
2 750 5250 5250
3 6000 2250 6000
4 10,250 6000 10,250
E 5281 4188 6406
Scenario 2

1 4125 4750 4750
2 750 6750 6750
3 6000 3750 6000
4 10,250 7500 10,250
E, 5281 5688 6938
Average across scenarios

1 4125 4000 4125
2 750 6000 6000
3 6000 3000 6000
4 10,250 6750 10,250
E, 5281 4938 6594
Max., maximum.

TABLE 146 Population NHEs with equally likely alternative modelling assumptions

NHE Value of further research Calculation

EVPY, _, 1125 6406 —max.(5281, 4188)

EVPl,_, 1250 6938 —max.(5281, 5688)

EVP, 1313 6594 —max.(5281, 4938)

EVPL, 203 Mean[max.(5281, 4188), max.(5281, 5688)] —max.(5281, 4938)
EVPY, 1391 Mean(6406, 6938) —max(5281, 4938)

Max., maximum.
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The value of resolving parameter uncertainty in scenario 1 is 1125. In scenario 2 this value
is 1250. Note that in this example the value of research to resolve parameter uncertainty is
estimated to be greater when it takes account of scenario uncertainty (1313), even though
the research would not resolve the scenario uncertainty. The value of resolving only scenario
uncertainty is 203. The value of resolving both parameter and scenario uncertainty in this
example is 1391.
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