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Abstract

Sensitivity analysis in economic evaluation: an audit of
NICE current practice and a review of its use and value

in decision-making

L Andronis, P Barton and S Bryan*

Department of Health Economics, University of Birmingham, UK

*Corresponding author. Present address: Centre for Clinical Epidemiology & Evaluation, University of British

Columbia, Vancouver, BC, Canada

Objectives: To determine how we define good
practice in sensitivity analysis in general and probabilistic
sensitivity analysis (PSA) in particular, and to what extent
it has been adhered to in the independent economic
evaluations undertaken for the National Institute for
Health and Clinical Excellence (NICE) over recent
years; to establish what policy impact sensitivity analysis
has in the context of NICE, and policy-makers’ views on
sensitivity analysis and uncertainty, and what use is made
of sensitivity analysis in policy decision-making.

Data sources: Three major electronic databases,
MEDLINE, EMBASE and the NHS Economic Evaluation
Database, were searched from inception to February
2008.

Review methods: The meaning of ‘good practice’

in the broad area of sensitivity analysis was explored
through a review of the literature. An audit was
undertaken of the 15 most recent NICE multiple
technology appraisal judgements and their related
reports to assess how sensitivity analysis has been
undertaken by independent academic teams for NICE.
A review of the policy and guidance documents issued
by NICE aimed to assess the policy impact of the
sensitivity analysis and the PSA in particular. Qualitative
interview data from NICE Technology Appraisal
Committee members, collected as part of an earlier
study, were also analysed to assess the value attached
to the sensitivity analysis components of the economic
analyses conducted for NICE.

Results: All forms of sensitivity analysis, notably both
deterministic and probabilistic approaches, have their
supporters and their detractors. Practice in relation

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

to univariate sensitivity analysis is highly variable, with
considerable lack of clarity in relation to the methods
used and the basis of the ranges employed. In relation
to PSA, there is a high level of variability in the form
of distribution used for similar parameters, and the
justification for such choices is rarely given. Virtually
all analyses failed to consider correlations within the
PSA, and this is an area of concern. Uncertainty is
considered explicitly in the process of arriving at a
decision by the NICE Technology Appraisal Committee,
and a correlation between high levels of uncertainty
and negative decisions was indicated. The findings
suggest considerable value in deterministic sensitivity
analysis. Such analyses serve to highlight which model
parameters are critical to driving a decision. Strong
support was expressed for PSA, principally because

it provides an indication of the parameter uncertainty
around the incremental cost-effectiveness ratio.
Conclusions: The review and the policy impact
assessment focused exclusively on documentary
evidence, excluding other sources that might have
revealed further insights on this issue. In seeking to
address parameter uncertainty, both deterministic and
probabilistic sensitivity analyses should be used. It is
evident that some cost-effectiveness work, especially
around the sensitivity analysis components, represents
a challenge in making it accessible to those making
decisions. This speaks to the training agenda for those
sitting on such decision-making bodies, and to the
importance of clear presentation of analyses by the
academic community.
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Glossary and list of abbreviations

Glossary

Cost-effectiveness analysis Analysis in which
the consequences associated with a health
technology are measured in terms of health
outcomes such as life-years gained, cases of
disease prevented, episode-free days or quality-
adjusted life-years.

Cost-effectiveness acceptability curve A
method of graphical representation of the results
from a cost-effectiveness analysis, which allows
assessment of the probability of the assessed
interventions being cost-effective at various levels
of a decision-maker’s willingness to pay for an
additional unit of health outcome.

Deterministic sensitivity analysis A form of
sensitivity analysis in which the input parameters
are assigned point estimate values.

Economic analysis See economic evaluation.

Economic evaluation Analysis that aims to
identify, assess and compare the costs and
consequences associated with alternative health
technologies.

Incremental cost-effectiveness ratio The
ratio of the difference in costs between two
alternative health technologies to the difference
in effectiveness between these two technologies.

Monte Carlo simulation A simulation technique
that evaluates the effects of uncertainty by

using random numbers. The technique requires
running a large number of simulations, for each
of which values are drawn from distributions
assigned to uncertain parameters, with the

aim of constructing an empirical probability
distribution for the overall results.

National Institute for Health and Clinical
Excellence (NICE) Independent organisation
responsible for providing national guidance

on promoting good health and preventing and
treating ill health. Guidance is aimed towards
assisting health-care professionals and patients/
carers to make health-care-related decisions.

NICE Technology Appraisal

Committee Independent committee responsible
for issuing NICE technology appraisal
recommendations and guidance on the use of
health technologies.

Net monetary benefit A measure of cost-
effectiveness that compares the value that a
decision-maker is willing to pay for an additional
unit of health benefit accruing from a health
technology (e.g. a quality-adjusted life-year)

with the additional cost associated with the
technology.

Probabilistic sensitivity analysis A form

of sensitivity analysis in which probability
distributions are applied to the ranges for a
model’s input parameters, and samples from
these distributions are drawn at random to
generate an empirical distribution of the
relevant measure of cost-effectiveness.

Quality-adjusted life-year(s) A measure of
health outcomes that combines quantity and
quality of life. It assigns a weight corresponding
to health-related quality of life to each year of
life.
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Contents

List of abbreviations

Sensitivity analysis Analysis that aims to assess and
determine the influence of input parameters on
the outcomes of the economic evaluation study.

5-FU/FA 5-fluorouracil plus folinic
acid

AchE acetylcholinesterase

CEA cost-effectiveness analysis

CRIT-D cardiac resynchronisation
therapy including
implantable cardioverter
defibrillator

CRT-P cardiac resynchronisation
therapy pacemaker

DMARD disease modifying
antirheumatic drug

EGFR epidermal growth factor
receptor

EMBASE Excerpta Medica Database

ICD implantable cardioverter
defibrillator

ICER incremental cost-

effectiveness ratio

LDL low-density lipoprotein
cholesterol

LVSD
MTA
NHS EED
NICE
NMB

NYHA
PCV

PSA

QALY(s)
SA
TAR

TNF-o

WHO

left ventricular systolic
dysfunction

multiple technology
appraisal

NHS Economic Evaluation
Database

National Institute for
Health and Clinical
Excellence

net monetary benefit
New York Heart Association

procarbazine, lomustine
and vincristine
probabilistic sensitivity
analysis

quality-adjusted life-year(s)
sensitivity analysis

technology assessment
report

tumour necrosis factor-
alpha

World Health Organization

All abbreviations that have been used in this report are listed here unless the abbreviation is well
known (e.g. NHS), or it has been used only once, or it is a non-standard abbreviation used only in
figures/tables/appendices, in which case the abbreviation is defined in the figure legend or in the

notes at the end of the table.
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Executive summary

Introduction

Economic analyses are increasingly being used to
inform technology adoption and reimbursement
decisions in health care in the UK and in other
countries. The growing influence of economic
analyses within reimbursement agencies such as
the National Institute for Health and Clinical
Excellence (NICE) emphasises the importance of
methodological rigour in cost-effectiveness work.

The starting point for this work was that the
appropriate characterisation of uncertainty is an
essential component in an economic analysis of a
health technology. However, it is unclear whether
good practice is being adopted in such analyses,
and the influence of sensitivity analysis, and
probabilistic sensitivity analysis (PSA) in particular,
on NICE decision-making is unknown.

Research questions

* How do we define good practice in sensitivity
analysis in general and PSA in particular?
(Phase 1)

* To what extent has good practice been adhered
to in the independent economic evaluations
undertaken for NICE over recent years? (Phase
2)

*  What policy impact does sensitivity analysis
have in the context of NICE? (Phase 3)

*  What views do policy-makers have on sensitivity
analysis and uncertainty, and what use is
made of sensitivity analysis in policy decision-
making? (Phase 4)

Phase |: Literature review

Using a review of the literature, the meaning of
‘good practice’ in the broad area of sensitivity
analysis was explored. The literature review
revealed that all forms of sensitivity analysis,
notably both deterministic and probabilistic
approaches, have their supporters and their
detractors. The review has summarised arguments
for and against alternative approaches, with an
outline of good practice (see Recommendations for
practice and policy) for each form of analysis.

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

e Deterministic sensitivity analysis: explanation
for the source of ranges used should be
provided, along with justification for choice of
variables included.

* Analysis of extremes: clear presentation of
analysis is required to allow generalisability to
be assessed.

e Threshold analysis: A definition of the
threshold applied in the analysis must be
clearly stated and justified.

e Probabilistic sensitivity analysis: distributional
assumptions should be justified and be
consistent with any logical bounds on
parameter values, and, where correlations are
expected, joint distributions should be used.

Phase 2: Audit of cost-
effectiveness work for NICE

An audit has been undertaken of the 15 most
recent NICE multiple technology appraisal
judgements and their related reports. This
aspect of the work has reviewed and audited
how sensitivity analysis has been undertaken by
independent academic teams for NICE. The
quality of the PSA has been judged using the
criteria defined in Phase 1.

Practice in relation to univariate sensitivity analysis
is highly variable, with considerable lack of clarity
in relation to the methods used and the basis of
the ranges employed. Further, the presentation

of such analyses revealed room for improvement
with the use of diagrams, such as tornado figures,
very rare. In relation to PSA, there is a high level
of variability in the form of distribution used for
similar parameters, and the justification for such
choices is rarely given. Virtually all analyses failed
to consider correlations within the PSA, and this is
an area of concern.

Phase 3: Review of NICE
policy documents

This phase comprised a review of the policy and
guidance documents issued by NICE relating to
the topics selected in Phase 2. This review aimed to
assess the policy impact of the sensitivity analysis
and the PSA in particular.
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This review found that uncertainty is considered
explicitly in the process of arriving at a decision

by the NICE Technology Appraisal Committee.
The focus of attention is predominantly parameter
uncertainty. The cited ranges of incremental
cost-effectiveness ratios (ICERs) in the policy
documents, and the most value in supporting
decision-making, appear to have come from the
deterministic analyses. This may, in part, reflect an
issue of poor understanding of PSA or may reveal
the value of deterministic approaches, especially in
the search for subgroups. An association between
high levels of uncertainty and negative decisions
was suggested in the documents.

Phase 4: Interviews with
NICE Committee members

Qualitative interview data from NICE Technology
Appraisal Committee, collected as part of an earlier
study, have been analysed. This work has assessed
the value attached to the sensitivity analysis
components of the economic analyses conducted
for NICE (see Chapter 5).

The findings suggest considerable value in
deterministic sensitivity analysis. Such analyses
serve to highlight which model parameters are
critical to driving a decision. Strong support was
expressed for PSA, principally because it provides
an indication of the parameter uncertainty around
the ICER value. A concern expressed about PSA
was that it can under-report the true level of
uncertainty through the selection of a subset of
parameters for inclusion in the analysis. Some
Committee members expressed the view that where
uncertainty is greater, the decision should tend
towards a negative. Finally, the communication

of sensitivity analysis results is less than optimal.

A more detailed and clearer explanation of the
sensitivity analysis is required.

Limitations

The focus for this work was on cost-effectiveness
work undertaken by the independent academic
teams for NICE, and so the cost-effectiveness work
from industry, as part of the single technology
assessment process, has not been reviewed.

The review focused exclusively on documentary
evidence — the models underlying the cost-
effectiveness analyses were not available for
scrutiny. The policy impact assessment was based
only on documentary evidence again — observation
of Committee discussions, and deliberations and/

or interviews with Committee members around the
specific topics might have revealed further insights
on this issue. Finally, the interview data were

taken from an earlier study in which the scope was
broader than sensitivity analysis and uncertainty,
and the data were collected in 2003/4, before

the 2004 NICE Guide to the methods of technology
appraisal was published.

Recommendations for
practice and policy

In seeking to address parameter uncertainty, both
deterministic and probabilistic sensitivity analyses
should be used. For methodological and structural
uncertainties, repeated analyses should be run
using different models in which uncertainties
regarding model structure exist or different
methods in which there are uncertainties regarding
methods.

In terms of the process of conducting and
implementing sensitivity analyses, good practice
would involve a clear and full justification of the
choice of included variables, along with a clear
explanation of the information source used to
specify the ranges. The use of threshold analysis
is to be supported, especially where the value of a
particular parameter is indeterminate, but there
is a need to provide a clear rationale for, and
definition of, the threshold applied.

In relation to PSA, distributions should be placed
around all important model parameters, and

any excluded parameters must be justified. The
distributional assumption for each variable should
be justified and should relate to the nature of the
variable. The distribution should be consistent with
any logical bounds on parameter values given its
nature (e.g. utility scores with an upper bound of
1). There might be value in clearer methodology
guidelines on which distributions are appropriate
for which parameters. Where correlation between
variables is expected, joint distributions should be
used and independence should not be assumed.

On the use of sensitivity analyses in policy-making,
there may be benefits from an explicit recognition
of the role of such analyses in supporting the
search for subgroups. This issue of the possible
association between level of uncertainty and the
likelihood of a negative decision requires some
further discussion. The data reported here suggest
that when the level of uncertainty was high, the
NICE Committee was likely to tend towards a
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negative decision. Finally, the challenge of effective
communication between analysts and policy-makers
cannot be ignored. It is evident that some cost-
effectiveness work, especially around the sensitivity
analysis components, represents a challenge in

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

making it accessible to those making decisions.
This speaks to the training agenda for those
sitting on such decision-making bodies, and to the
importance of clear presentation of analyses by the
academic community.
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Chapter |

Introduction

Economic analyses are increasingly being

used to inform technology adoption and
reimbursement decisions in health care in the UK
and in other countries.! An important aspect of
such decision-making in the UK is the National
Institute for Health and Clinical Excellence
(NICE), which includes cost-effectiveness

analysis (CEA) as a highly integrated component
of its technology appraisal process. For every
technology it considers, NICE either commissions
an independent economic analysis undertaken
specifically for its purposes (in the multiple
technology stream of work) or receives a CEA
prepared by the manufacturer (within the single
technology assessment work programme). Thus,

it is no surprise that recent research suggests that
economic evaluation evidence is a key driver of the
final coverage determinations reached by the NICE
Technology Appraisal Committee.*™

The influence of economic analyses at NICE
emphasises the importance of methodological
rigour in the cost-effectiveness work. NICE has
recently updated its methodology guide and
maintains the requirement for a ‘reference case’
analysis with a set of methods required as a base
case analysis, and is thus highly prescriptive in
terms of the approach to economic analysis that it
expects to see.” One aspect of the NICE reference
case concerns the characterisation of potential

bias and uncertainty and the requirement that
extensive sensitivity analyses, both deterministic
and probabilistic, are undertaken. The explicit
instruction in the NICE methods guide for the

use of probabilistic sensitivity analysis (PSA) is
supported by a recent paper, coauthored by a team
of leading health economists,* which makes a
strong case in support of the NICE reference case
in relation to PSA, arguing that it should not be
viewed as an ‘optional extra’, but that it is central to
addressing the decision problems tackled by NICE.

Defining uncertainty

The term uncertainty is defined by the Oxford
English Dictionary as:

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

The quality of being indeterminate as to
magnitude or value; the amount of variation
in a numerical result that is consistent with
observation.

The state of not being definitely known or
perfectly clear; doubtfulness or vagueness.

Something not definitely known or
knowable; a doubtful point.

(http://dictionary.oed.com)

For the purposes of this report we define
uncertainty in a general sense as given above, but
will distinguish four categories in the context of
economic evaluation in health care.”

1. ‘Methodological uncertainty’ refers to
disagreement about the most appropriate
analytic methods to use in the evaluation.

2. ‘Parameter uncertainty’ relates to uncertainty
in the estimated values of the parameters that
form the inputs for the model.

3. ‘Structural or modelling uncertainty’ concerns
the model structure and uncertainty on the
appropriate methodology for combining the
input parameters.

4. ‘Generalisability’ is the issue of the extent to
which study results can be applied to another
context or setting.

Sensitivity analysis

There is widespread agreement that the
appropriate methods for handling uncertainty can
be collectively referred to as sensitivity analyses.

To ensure a common understanding of terms, we
shall define here the alternative forms of sensitivity
analysis.

Univariate or one-way
sensitivity analysis

This is the simplest type of sensitivity analysis,
whereby input values for a parameter are varied
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one at a time across a plausible range while the
remaining values are held at their baseline values.
This provides an assessment of the impact of the
change on the results of the analysis.*

Multivariate sensitivity
analysis or scenario analysis

This is an extension of the one-way sensitivity
analysis. This analysis recognises that there might
be more than one uncertain parameter in the
model, and involves varying two or more input
values at the same time.*' As ‘scenario analysis’,
the combination of parameters varied is driven
by a priori judgement relating to the alternative
scenario being considered.

Threshold analysis

The aim of this analysis is to identify the input
value, of one or more parameters, above or below
which the results of the analysis favour a specific
intervention."!

Extreme case (worst- and
best-case scenario) analysis

Here, the aim is to assess the results of the study
under a scenario that involves using the most
pessimistic (or optimistic) combination of input
values.®?

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis assigns to each
input parameter a specified distribution and,

by drawing randomly from those distributions,
generates a large number of mean cost and
effectiveness estimates that can be used to form an
empirical joint distribution of the differences in
cost and effectiveness between interventions.”!!-1%

Research questions

Our starting point is that an appropriate
characterisation of uncertainty is an essential
component in an economic analysis of a health-
care technology. Furthermore, we take the view
that sensitivity analysis conducted to a high
standard can support coverage decision-making in
health care. However, it is unclear whether good
practice is being adopted in such analyses, and
the influence of sensitivity analysis, and PSA in
particular, on NICE decision-making is unknown.

Thus, we have addressed the following research
questions:

1. How do we define good practice in sensitivity
analysis in general and PSA in particular?
(Chapter 2)

2. To what extent has good practice been adhered
to in economic evaluations undertaken by
independent academic teams for NICE over
recent years? (Chapter 3)

3. What policy impact does sensitivity analysis
have in the context of NICE? (Chapter 4)

4. What views do policy-makers have on sensitivity
analysis and uncertainty, and what use is
made of sensitivity analysis in policy decision-
making? (Chapter 5)

Outline of research methods

Fuller details of research methods will be given in
each subsequent chapter, but a brief overview of the
methods adopted in this work is given below. There
were four phases to the project, and each phase is
reported as a separate chapter.

Phase 1 Using a review of the literature, we have
explored the meaning of ‘good practice’ in the
broader area of sensitivity analysis, including the
subcategory of PSA (Chapter 2).

Phase 2 An audit has been undertaken of the 15
most recent NICE multiple technology appraisal
(MTA) judgements and their related reports.

This aspect of the work has reviewed and audited
how sensitivity analysis has been undertaken by

the independent academic teams for NICE, and
considered both deterministic approaches and
PSA. The quality of the PSA has been judged in
relation to the criteria defined as a result of Phase 1
(Chapter 3).

Phase 3 'This part of the project comprised a review
of the policy and guidance documents issued by
NICE relating to the topics selected in Phase 2.
This review aimed to assess the policy impact of
the sensitivity analysis and the PSA in particular
(Chapter 4).

Phase 4 Finally, qualitative interview data from
NICE Technology Appraisal Committee members
have been analysed. This work has assessed

the value attached to the sensitivity analysis
components of the economic analyses conducted
for NICE (Chapter 5).
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Chapter 2

Literature review

Introduction

In order to obtain a view on the use and value of
sensitivity analysis as appears in the literature,

we developed and carried out a search plan that
involved searching major electronic bibliographic
databases and scanning the reference list of
potentially important studies. As a next step, the
retrieved references were filtered according to
predetermined criteria, and useful information was
extracted.

Search strategy

To facilitate the development of an effective and
comprehensive strategy for searching electronic
bibliographic databases, the review question under
consideration was broken into three different
components, namely health technology assessment,
decision analytic modelling and uncertainty.

For each of these components, we developed a set
of search terms that included text words, synonyms,
combinations of expressions and indexing terms
derived from each database’s thesaurus, if this was
available.

The developed search strategies were used to
search the following major bibliographic databases:
MEDLINE [National Center for Biotechnology
Information (NCBI) PubMed, 1950-2008],
Excerpta Medica Database (EMBASE) (1980-2008,
week 11) and the NHS Economic Evaluation
Database (EED) (1996-2008) provided by the
Centre for Reviews and Dissemination at the
University of York. During the searching process,
the set of search terms was modified so as to be
consistent with each database’s search interface.
The searches were not restricted by language or
date.

Apart from searching for studies in electronic
bibliographic databases, the search strategy also
involved searching the reference lists of potentially
useful publications and hand-searching selected
journals in the area of health economics (Health
Economics, Health Technology Assessment, Medical
Decision Making, Pharmacoeconomics, Value in Health).

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

In addition, we undertook ‘related articles’ searches
in PubMed to identify further references. Details
on the search strategy are given in Appendix 1.

Selection of studies

The abstracts and titles retrieved through the
literature search were checked against a series of
inclusion and exclusion criteria. This process aimed
at distinguishing relevant from irrelevant articles
and including only those papers that would provide
useful input for the review.

Inclusion and exclusion criteria
The inclusion criteria related to:

1. Study design: included studies must be related
to the methods for conducting economic
evaluations specific to health.

2. Purpose/outcomes: the study must contribute
to the methodology that relates to assessing
and handling uncertainty in economic
evaluations.

Studies published in languages other than English
were not included.

Selection process

The process of selecting studies was iterative

and involved applying, in the first instance, the
inclusion/exclusion criteria liberally, in all the
studies identified from the database searches.
Selection of studies was carried out by two
researchers (SB and LA). Studies that clearly did
not meet the inclusion criteria were dropped,
while the rest — either obviously useful studies or
studies whose abstracts did not provide adequate
evidence for exclusion — were forwarded for
further consideration. As a next step, the full
text of the included articles were retrieved and
reviewed against the predetermined inclusion
criteria. All the studies that have been selected
after the detailed review on the basis of the full text
formed the main input for the systematic review.
A schematic presentation of the search process is
provided in Appendix 2.
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Data extraction

Relevant information was obtained through a
data extraction form developed for the study.
The process of data extraction was undertaken
independently by two researchers (SB and LA).
Disagreements were resolved through discussion
between the involved assessors.

Results

Box 1 lists the 25 papers and reports included in
the review.

A taxonomy of uncertainty

Uncertainty is inherent in economic evaluation,
as most of the time there is uncertainty about the
true values of the input parameters, as well as the
structural assumptions and methodology that is
used to combine the parameters.

A taxonomy of uncertainty in economic evaluations
alongside clinical trials has been proposed by
Briggs ef al.'' According to this, there are four
broad areas of uncertainty in economic evaluation,
which relate to:

1. Variability in sample data: this is about
the inherent variability that exists in the
parameters of interest between patients within
a population.

2. Generalisability of results: which relates to the
extent to which study results can be applied to
another setting or patient group.

3. Extrapolation: which arises from the attempts
to extrapolate from an intermediate health
outcome to a final outcome, as well as to
extrapolate from short to longer time horizons.

4. Analytical methods: this relates to the
uncertainty about the most appropriate
techniques to be used in economic evaluations.

A slightly different taxonomy of uncertainty
has been proposed by Manning et al.' Here,
uncertainty in health economic evaluation is
related to:

1. Parameter uncertainty: which is the uncertainty
about the true values of the parameters used as
inputs in the analysis.

2. Model uncertainty: which can be further
distinguished to model structure uncertainty

and modelling process uncertainty. The former
relates to uncertainty about the appropriate
methodology for combining the input
parameters, while the latter is uncertainty
introduced by the combination of methods
used by the analysts who carry out the analysis,
in the sense that if the analysis was conducted
again by another team of analysts, the results
would be different.

In the context of model-based economic
evaluations, uncertainty has been distinguished
between parameter, methodological and structural
uncertainty.'*

Parameter uncertainty is defined as the uncertainty
that arises from the imperfect knowledge of

true values of the parameters that are used in

the analysis. Most of the time estimates for the
parameters used in the analysis come from

sample data and thus they are subject to sampling
variability.!*!2

Methodological uncertainty is defined as the
uncertainty caused by the disagreement around
the appropriate analytic methods and techniques
used in economic evaluations. Commonly

cited examples are the disagreement over the
appropriate way to incorporate time preference
into economic evaluations,'>!® and the appropriate
methods for estimating the opportunity and
productivity costs in economic evaluation.'”!®

Structural uncertainty relates to the uncertainty
about the appropriate structural form of the
decision model employed for the economic
analysis. Imperfect information on the appropriate
ways of combining evidence by using different
structural assumptions causes uncertainty and is
likely to lead to different results.'?

At this point, a distinction should be drawn
between uncertainty and variability or
heterogeneity. The former refers to having
imperfect information about the precise values of
the parameters of interest, while variability refers
to the inherent random variation between different
subjects, and heterogeneity relates to variation
between subjects that can be explained and
attributed to specific factors.'*!?

For the purposes of this review, the focus will now
largely be on parameter, methodological and
structural uncertainty.
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BOX | List of studies/reports included in the systematic review
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Health Serv Res Policy 2004;9:110-18

Bravo VY, Sculpher M. Making decisions under uncertainty: the role of probabilistic decision modelling. Fam Pract
2006;23:391-2

Briggs A, Sculpher M, Buxton M. Uncertainty in the economic evaluation of health care technologies: the role of sensitivity
analysis. Health Econ 1994;3:95-104

Briggs AH, Gray AM. Handling uncertainty when performing economic evaluation of healthcare interventions. Health Technol
Assess 1999;3:1-134

Briggs A. Handling uncertainty in cost-effectiveness models. Pharmacoeconomics 2000;17:479-500

Briggs A. Probabilistic analysis of cost-effectiveness models: statistical representation of parameter uncertainty. Value Health
2005;8:1-2

Claxton K, Sculpher M, McCabe C, Brennan A, Briggs A, Claxton K, et al. Probabilistic sensitivity analysis for NICE technology
assessment: not an optional extra. Health Econ 2005;14:339-47

Critchfield GC, Willard KE. Probabilistic analysis of decision trees using Monte Carlo simulation. Med Decis Making 1986;6:85—
92

Drummond M, Jefferson T. Guidelines for authors and peer reviewers of economic submissions to the BMJ. BM|
1996;313:275-83

Felli JC, Hazen GB. Sensitivity Analysis and the Expected Value of Perfect Information. Med Decis Making 1998;18:95-109

Griffin S, Claxton K, Hawkins N, Sculpher M. Probabilistic analysis and computationally expensive models: Necessary and
required? Value Health 2006;9:244-52

Lord J, Asante MA. Estimating uncertainty ranges for costs by the bootstrap procedure combined with probabilistic sensitivity
analysis. Health Econ 1999; 8:323-33

National Institute for Health and Clinical Excellence. Guide to the methods of technology appraisal. London: NICE; 2004
National Institute for Health and Clinical Excellence. Guide to the methods of technology appraisal. London: NICE; 2008

O’Brien BJ, Drummond MF, Labelle R}, Willan A. In search of power and significance: issues in the design and analysis of
stochastic cost-effectiveness studies in health care. Med Care 1994;32:150-63

O’Hagan A, McCabe C, Akehurst R, Briggs A, Akehurst R, Buxton M, et al. Incorporation of uncertainty in health economic
modelling studies. Pharmacoeconomics 2005;23:529-36

Parmigiani G, Samsa GP, Ancukiewicz M, Lipscomb J, Hasselblad V, Matchar DB. Assessing uncertainty in cost-effectiveness
analyses: application to a complex decision model. Med Decis Making 1997;17:390-401

Philips Z, Bojke L, Sculpher M, Claxton K, Golder S. Good practice guidelines for decision-analytic modelling in health
technology assessment: a review and consolidation of quality assessment. Pharmacoeconomics 2006;24:355-7 |

Sculpher M, Fenwick E, Claxton K. Assessing quality in decision analytic cost-effectiveness models: a suggested framework and
example of application. Pharmacoeconomics 2000;17:461-77

Shaw JW, Zachry WM. Application of probabilistic sensitivity analysis in decision analytic modeling. Formulary 2002;37:32-40

Soto J. Health economic evaluations using decision analytic modeling. Principles and practices — utilization of a checklist to
their development and appraisal. Int | Technol Assess Health Care 2002;18:94—11 |

Sonnenberg FA, Roberts MS, Tsevat J, Wong |B, Barry M, Kent DL. Toward a peer review process for medical decision analysis
models. Med Care 1994;32:/S52-64

Walker D, Fox-Rushby JA. Allowing for uncertainty in economic evaluations: qualitative sensitivity analysis 38 270. Health Pol
Plann 2001;16:435-43

Weinstein MC, O’Brien B, Hornberger ], Jackson J, Johannesson M, McCabe C, et al. Principles of good practice for decision
analytic modeling in health-care evaluation: Report of the ISPOR Task Force on good research practices modelling studies.
Value Health 2003;6:9—17
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Strengths and weaknesses
of alternative forms of
sensitivity analysis

Tables 1-3 report quotes from relevant papers
indicating the strengths and weaknesses of four
forms of sensitivity analysis; namely deterministic,
analysis of extremes, threshold and probabilistic.
The main findings of this aspect of the review are
discussed below.

Deterministic sensitivity analysis

This section covers all forms of ‘simple’ sensitivity
analysis such as univariate and multivariate
analyses. Table 1 reports quotes from the literature
review in respect to this form of analysis.

On the positive side, the literature suggests that
such analyses form a natural starting point by
which greater understanding of the structure of

the CEA can be obtained. In the absence of high-
quality sample data, a simple sensitivity analysis
can provide insight into the uncertainty regarding
a particular parameter. Finally, the suggestion is
made that the key drivers of the cost-effectiveness
result can best be revealed through univariate
analyses.

However, there are important concerns raised in
relation to such simple approaches to exploring
uncertainty. These include:

e The presentation of the results of multiway
analyses is increasingly difficult, as the number
of parameters varied simultaneously increases.

e The choice of parameters to include in the
analysis is often arbitrary and might be thought
of as a form of selection bias.

e Interpretation is highly subjective, as there are
no guidelines on what represents a robust result

TABLE | Strengths and weaknesses of ‘deterministic’ sensitivity analysis

Weaknesses

‘One deficiency of n-way sensitivity analysis is that
joint effects of variables upon the final decision are
difficult both to assess and to present when n is
greater than three.’

‘... it becomes progressively more difficult to

Publication Strengths

Critchfield and

Willard, 19862

Briggs et al., ‘Simple sensitivity analysis is a valuable means of

1994 addressing uncertainty when high quality sample data
are not available. For example, it is rarely possible to
acquire good sample data on the utilisation of capital
equipment prior to its wide-spread use’

O’Brien et al.,

1994

Briggs and

Gray, 1999®

Briggs, 2000'?

present the results of multi-way analyses the greater
the number of inputs that are varied, and evaluations
frequently exhibit uncertainty on more inputs that
can feasibly be handled with simple sensitivity
analysis ... .

‘The analyst has discretion as to which variables and
what alternative values are included in the sensitivity
analysis, creating the potential for selection bias
(conscious or otherwise).’

‘Interpretation of a sensitivity analysis is essentially
arbitrary because there are no guidelines or
standards as to what degree of variation in results is

»

acceptable evidence that the analysis is “robust”.

‘Variation of uncertain parameters one at a time
carries a risk that interactions between parameters
may not be captured. For this reason some analysts
report two-way or three-way sensitivity analyses. In
the clinical decision analysis literature, the limitations
of traditional sensitivity analysis have led to the
development of probabilistic sensitivity analysis by
Monte Carlo simulation methods ... .

‘By failing to allow for interactions and by keeping
other variables constant, one-way sensitivity analysis
may underestimate the impact of uncertainty ... .’

‘... by considering the effect of parameters
individually, is likely to underestimate overall
uncertainty ... .
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in terms of the level of variability revealed
through such sensitivity analyses.

Interactions and correlations between
parameters may not be captured well, and
will lead to the true level of uncertainty being

Analysis of extremes and threshold analysis

Placing the worst-case (and then best-case) values
on all parameters can be useful in providing a
sense of the full range of the plausible values for
the cost-effectiveness result (Table 2). However,

under-reported.

this almost certainly overstates the true level of

uncertainty, given that the combination of worst-

TABLE | Strengths and weaknesses of ‘deterministic’ sensitivity analysis (continued)

Publication

Walker and
Fox-Rushby,
20012

Soto, 2002%

NICE, 2004*

Claxton et al.,
2005¢

Ades et al.,
2006%

NICE, 2008°

Strengths

‘... one-way sensitivity analyses are easy to use and
provide flexibility in parameter choice. They are a
logical, easy to grasp place to start to understand the
structure of a particular cost-effectiveness analysis
and provide the natural building blocks to do multi-
way sensitivity analyses. They can shed light on
whether any piece(s) of research could improve the
outcome from a policy decision and whether it is
worth waiting for this additional data.’

‘Allows more than one parameter to be varied at the
same time.’

“Two and three-way sensitivity analyses can be
helpful to identify the best scenario likely to appeal
to decision-makers with a note of the reliability of
such a situation ... .’

‘The “reference case” as a type of scenario analysis
may stimulate an improvement in the comparability
and methodological quality of economic evaluations.’

‘... the best way of managing the uncertainty of
multiple parameters is to undertake a multivariate
sensitivity analysis.’

‘The use of univariate and best/worst-case
sensitivity analysis is an important way of identifying
parameters that may have a substantial impact on
the cost-effectiveness results and of explaining the
key drivers of the model.’
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Weaknesses

‘Looking at one source of uncertainty at a time

in the model provides an incomplete and under-
estimate of how uncertain the estimated overall
cost-effectiveness ratio actually is (Agro et al. 1997).

There are three related problems:

a. The incremental cost and effectiveness depend on
multiple parameters, not just one;

b. The interaction of particular factors may
imply that the total effect could be something
quite different from the simple sum of individual
contributions;

c. The cost-effectiveness ratio is a ratio of two
uncertain numbers, with the result that the
uncertainty in the ratio may be substantially larger
than that of either of its elements.’

‘... suffer from some of the same problems of
one-way sensitivity analyses; namely, that they
may be difficult to interpret if the variables used
are dependent on each other (Agro et al. 1997).
In addition, these types of analyses become
cumbersome if more than two inputs are varied
simultaneously.’

‘The use of univariate, best/worst case or scenario-
based sensitivity analysis to quantify the effect

of parameter uncertainty in an analysis cannot
incorporate the uncertainty in more than two or
three parameters simultaneously ... .’

‘... cannot provide enough insight into the scale of
decision uncertainty.’

‘... with a large number of parameters this can

be markedly more time-intensive and computer-
intensive than PSA. More importantly it is generally
very difficult to interpret correctly and becomes
impossible if some parameters are correlated.’

‘... when model parameters are correlated it can
become difficult — even impossible to structure
deterministic, scenario-based sensitivity analysis.’

‘However, such [deterministic] analyses become
increasingly unhelpful in representing the combined
effects of multiple sources of uncertainty as the
number of parameters increase.’
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TABLE 2 Strengths and weaknesses of ‘analysis of extremes’/‘threshold analysis’

Publication

Briggs et al.,
1994"

Walker and
Fox-Rushby,
20012

Claxton et al.,
2005¢

Briggs et al.,
1994

NICE, 2008°

case values for all parameters is most unlikely to
occur. Further, the process of identifying a fixed set
of extreme parameter values is not straightforward
if the correlation structure between parameters is

considered.

Threshold analysis is seen to be particularly useful
in the situation in which the value of a particular
parameter is unknown or indeterminate, such

Strengths

Analysis of extremes

‘The use of analysis of extremes can be an efficient
way of dealing with uncertainty in data inputs when,
for example, experts have been asked to provide a
base-case value for a given variable and a plausible
range, but the distribution between the outer limits
is unknown.’

Threshold analysis
‘... it lends itself to graphical presentation ... .’

‘... is particularly useful when a parameter is
indeterminate, such as the price of a drug in a study
undertaken prior to the drug being marketed ... .

‘The use of univariate and best/worst-case sensitivity
analysis is an important way of identifying parameters
that may have a substantial impact on the cost-
effectiveness results and of explaining the key drivers
of the model.’

Weaknesses

Analysis of extremes

‘... it is usually the case that approaches cannot
reliably be termed optimistic or pessimistic prior to
the evaluation being undertaken ... .

‘... it is very unlikely that, for example, all the
pessimistic factors affecting costs will occur
simultaneously: there are combinations of factors
which are much more likely to take place.’

Analysis of extremes

‘... possibly the ‘max—min’ (i.e. analysis of extremes)
is least useful, unless the results are insensitive

to the extreme combination of parameter values
considered (Agro et al. 1997). If the results are
sensitive to the extremes, the results are not

very useful bounds on the uncertainty in the cost-
effectiveness ratio for two reasons: it is highly
unlikely that all of the extreme values of key
parameters will occur in any particular setting; and,
under some circumstances, two or more sources of
uncertainty may partially offset each other, due to
the inherent structure of the problem.’

Analysis of extremes

‘... complex correlation structures between
parameters ...makes it impossible to locate a fixed
(set of) parameter value(s) which can be regarded as

”»

“extreme”.

Threshold analysis

‘... it can only be used to deal with uncertainty in
continuous variables, which would normally mean
that it is useful only for dealing with uncertainty in
data inputs’.

‘Cost effectiveness and cost-utility analyses ... often
seek to estimate incremental cost to effects ratios
for which thresholds cannot easily be identified ...
Although such cut-off points have been suggested,
they are not generally accepted.’

as drug price. In the situation of analysis prior

to marketing then such sensitivity work can

help to identify the maximum price that the
reimbursement agency might be willing to accept

on the basis of cost-effectiveness. A drawback for
threshold work is that a maximum incremental

ratio has to be defined as the threshold and
although such cut-offs have been suggested they do
not necessarily have universal support.
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Probabilistic sensitivity analysis

Much of the literature is supportive of the use

of PSA to capture parameter uncertainty in cost-
effectiveness work (1able 3). The suggestion is made
that PSA allows the uncertainty in all parameters
to be characterised through the use of probability
distributions, with this translated through to
uncertainty in the mean cost-effectiveness result.
Further, where correlation between parameters
has been correctly specified in the model, the PSA
provides the correct estimates of mean costs and
effects even in the situation of non-linear models.

The concerns expressed about PSA relate
principally to practice, namely the suggestion
that an assumption of independence between
parameters is commonly made and that choice

of parameter distribution can sometimes be
inappropriate.® Further, the limitations of PSA are
recognised — the broader forms of uncertainty,
such as methodology and generalisability, are not
captured through PSA.

TABLE 3 Strengths and weaknesses of probabilistic sensitivity analysis

Publication Strengths

Briggs et al.,
1994"
the specified range (page 101).

‘... has the potential to be the most comprehensive
way of dealing with some forms of uncertainty in

economic evaluation.’

Felli and
Hazen, 1998%

It can take into account how likely it is that the
uncertain parameter will take a specific value within

Weaknesses

‘Its value is ... likely to be limited to those situations
when there is an absence of sample data and the
analysis can be used to simulate a distribution in
total costs and/or benefits attached to hypothetical
patients ... .

‘... it can only handle uncertainty in data inputs.
Therefore analytical uncertainties have to be handled
in some other way.’

‘... unlikely to be of value in dealing with uncertainty
relating to the generalisability of results, as decision
makers are interested in what happens to the results
when data relevant to their context are included,
rather than expected results across the whole
system ... .

‘... provides a mechanism for the decision maker
to directly examine output distributions, such as

the payoff for a single alternative or the difference

between payoffs for some pair of competing

alternatives. Knowledge of the likelihood of each
payoff (or payoff difference) over the entire range

of possible values enables the decision maker to
better assess the risk of an adverse outcome, or,

in the case of difference in payoffs between two
competing alternatives, select an alternative based
upon the likelihood that its payoff will exceed that of

its competitor by some specified amount.’

Lord et al.,
199977

NICE, 2004*

‘The use of probabilistic sensitivity analysis (or,

‘Some types of uncertainty, such as uncertainty
over the structural form of a model and uncertainty
over basic values, are not amenable to probabilistic
sensitivity analysis.’

where appropriate, stochastic analysis of patient-
level data) allows complete characterisation of the
uncertainty associated with all input parameters.’

Briggs, 2005%

‘... will give a more accurate depiction of the
importance of parameter uncertainty for the

results of the analysis in comparison, say, to simple

sensitivity analysis ... .’
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continued
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TABLE 3 Strengths and weaknesses of probabilistic sensitivity analysis (continued)

Publication Strengths Weaknesses
Claxton et al., ‘... the choice of distribution to represent
2005¢ uncertainty and the common assumption of

independence between parameters have been
identified as limitations of the probabilistic

approach.’
Bravo and PSA ‘allows the uncertainty in the individual
Sculpher, parameters ... to be fully characterised using
2006% probability distributions to reflect their imprecision,
and propagated through the model using second
order Monte Carlo simulation.’
‘... probabilistic models allow the joint effect of
parameter uncertainty across all input parameters
in the model to be translated into uncertainty in the
mean cost effectiveness results ... .’
Ades et al., ‘Probabilistic methods, however, correctly propagate
2006% correlation automatically, providing meaningful
sensitivity analysis, and correct computation of
expected costs and benefits in non-linear or even
multi-linear models, regardless of parameter
correlation.’
Griffin et al., ‘... provides a more rigorous approach by requiring
2006 that all input parameters in a model be specified
as full probability distributions, rather than as
point estimates, to indicate the uncertainty of the
estimates.’
NICE, 2008° ‘This [PSA] enables the uncertainty associated with
parameters to be simultaneously reflected in the
results of the model. In non-linear decision models,
probabilistic methods provide the best estimates of
mean costs and outcomes.’
‘Within a probabilistic analysis the contribution of
the uncertainty in each parameter to overall decision
uncertainty and its consequences can be achieved
using expected-value-of-information methods.’
Good PraCt'ce In sensitivity In terms of the process of conducting and
analy5|s implementing sensitivity analyses, the literature
Tables 4-6 report quotes from the literature review has also uncovered some statements of good
concerning good practice in relation to the practice for each form of sensitivity analysis (Zables
appropriate form of sensitivity analysis to address 7-9). A summary of the main points is given below.
a particular form of uncertainty. A summary of the
main points is given below. e Deterministic sensitivity analysis:
— Analysts should provide explanation for
e Parameter uncertainty: both deterministic and the source of ranges used.
probabilistic sensitivity analysis should be used. — Analysts should also give a justification for
* Structural uncertainty: repeated analyses choice of variables included and excluded.
should be run using different models where * Analysis of extremes:
uncertainties regarding model structure exist. - Analysts should provide clear presentation
* Methodological uncertainty: repeated analyses of analysis, to allow readers to assess the
should be run using different methods where analysis relative to their own context.

uncertainties regarding methods exist.
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TABLE 4 Statements of good practice — appropriate type of sensitivity analysis to address ‘parameter’ uncertainty

Publication

Briggs et al., 1994*'
Sonnenberg et dl.,
19943

Shaw and Zachry, 20023

Soto, 2002%

Weinstein et al., 20033

Barton et al., 2004%*

NICE, 2004%

Philips et al., 2006'*

NICE, 2008°

Appropriate type of sensitivity analysis

‘If the uncertain parameters within an analysis are considered to be independent of each other,
then a series of one-way simple sensitivity analysis may be adequate.’

‘Such uncertainty is best represented by a probability distribution rather than by a point estimate.
Monte Carlo analysis (probabilistic sensitivity analysis) can be used to assess the impact of these
known variations on the results. However, the most appropriate interpretation of the results of
Monte Carlo analysis in decision analysis has not been established.’

‘Second-order uncertainty needs to be considered in isolation of first-order uncertainty since the
implementation of probabilistic sensitivity analysis concurrently with Monte Carlo simulations can
lead to misinformed inferences.’

‘A practical approach would be to perform a simple univariate sensitivity analysis on key values
in the model to ascertain under what circumstances uncertainty or lack of agreement about any
estimate might have an important impact on the results and conclusions. In addition, the best
way of managing the uncertainty of multiple parameters is to undertake a multivariate sensitivity
analysis.’

‘All modelling studies should include extensive sensitivity analysis of key parameters. Either
deterministic (one-way and multiway) or probabilistic sensitivity analyses are appropriate ... .’

‘In the special case where the model structure is known to be adequate, and uncertainty about the
model parameters can be objectively represented through a joint probability distribution, the effect
of uncertainty can be measured using probabilistic sensitivity analysis.’

‘On the other hand, probabilistic sensitivity analysis may not be necessary to guide a decision. If

a correctly specified model gives a policy recommendation that is robust to extreme changes in
parameter values, then the decision can be made with confidence ... In such cases, there is no need
to undergo the considerable effort required to produce a joint distribution for model parameters
which properly reflects current uncertainty.’

All inputs used in the analysis will be estimated with a degree of imprecision. Probabilistic sensitivity
analysis should be used to translate the imprecision in all input variables into a measure of decision
uncertainty in the cost effectiveness of the options being compared ... .

‘... in the choice between deterministic or probabilistic modelling approaches it should be
recognised that the combined effect of parameter uncertainty (in terms of decision uncertainty) is
only truly reflected when data are incorporated probabilistically ... .’

‘Probabilistic sensitivity analysis is the most appropriate method for handling parameter uncertainty
because it facilitates assessment of the joint effect of uncertainty over all parameters. Moreover, it
facilitates value-of-information analysis, which can quantify the implications of decision uncertainty
explicitly.”

‘The implications of different estimates of key parameters must be reflected in sensitivity analyses
(for example, through the inclusion of alternative scenarios). Inputs must be fully justified and
uncertainty explored by sensitivity analysis using alternative input values.’

‘The uncertainty around the appropriate selection of data sources should be dealt with through
sensitivity analysis. This will include uncertainty about the choice of sources for parameter values.
Such sources of uncertainty should be explored through sensitivity analyses, preferably using
probabilistic methods of analysis.

The choice of sources of data to include in an analysis may not be clear-cut. In such cases, the
analysis should be re-run, using the alternative source of data or excluding the study over which
there is doubt, and the results reported separately.’

‘Uncertainty arises from parameter precision, once the most appropriate sources of information
have been identified (that is, the uncertainty around the mean health and cost inputs in the model).
Distribution should be assigned to characterise the uncertainty associated with the (precision of)
mean parameter values. Probabilistic sensitivity analysis is preferred. This enables the uncertainty
associated with parameters to be simultaneously reflected in the results of the model. In non-linear
decision models, probabilistic methods provide the best estimates of mean costs and outcomes.’

‘Probabilistic sensitivity analysis is preferred for translating the imprecision in all input variables into
a measure of decision uncertainty in the cost effectiveness of the options being compared.’
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* Threshold analysis:

used and independence should not be

— Itis important that a definition of the assumed.
threshold applied in the analysis is clearly
stated, and a justification is given.

*  Probabilistic sensitivity analysis: Conclusions

—  The distributional assumption for each
variable should be justified and should The literature review has revealed that all forms
relate to the nature of the variable. of sensitivity analysis have their supporters

—  The distribution should be consistent with and their detractors. Furthermore, the review
any logical bounds on parameter values, has summarised the arguments for and against
given its nature (e.g. utility scores with alternative approaches, with an outline of good
upper bound of 1). practice. This work is now taken forward in the

—  When correlation between variables is context of the review of cost-effectiveness work
expected, joint distributions should be undertaken for NICE in Chapter 3.

TABLE 5 Statements of good practice — appropriate type of sensitivity analysis to address ‘structural’ uncertainty

Publication

Parmigiani et al., 1997%

Briggs, 2000

NICE, 2004**

Claxton et al., 2005¢

Philips et al., 2006'*

NICE, 2008°

Appropriate type of sensitivity analysis

‘Model uncertainty can be approached like parameter uncertainty. In practice however it’s harder
to handle, and consequently often ignored. Bayesian methods are suited for incorporating such
uncertainty.’

‘The suggested solution is to run repeated analyses utilising different models and specify prior
probabilities of different models across this model space. This is the solution proposed by the US
Panel in relation to modelling structure uncertainty by appropriately weighting analyses employing
different assumptions concerning the functional form of particular elements of the model
structure.’

‘Sensitivity analysis should be used to deal with sources of uncertainty other than that related to
the precision of the parameter estimates. This will include uncertainty about the choice of studies
to include in a meta-analysis, and the structural assumptions made in a model. Each alternative
analysis should present separate (probabilistic) results.’

‘... to conduct scenario analysis where the probabilistic analysis is run several times, each scenario
conditional on different assumptions about model structure or interpretations of the available
evidence. The [NICE] Appraisal Committee is then responsible for making an assessment of
which of the scenarios is the most credible.’

‘Whilst no generally accepted method exists for addressing structural uncertainties, guidelines
suggest that they should be addressed as sensitivity analyses using alternative model structures.
For example, alternative structural assumptions, such as the choice of extrapolation methodology,
should be evaluated via sensitivity analysis. This would involve re-running the model with a series
of alternative extrapolation techniques and presenting the results under each scenario.’

‘The impact of structural uncertainty on estimates of cost effectiveness should be explored by
separate analysis of a representative range of possible scenarios ... .

‘Sensitivity analysis should be used to explore uncertainty around the structural assumptions used
in the analysis. Analysis of a representative range of plausible scenarios should be presented and
each alternative analysis should present separate results.

An important element of uncertainty around cost-effectiveness results arises from the uncertainty
in the structure of the decision model. The analysis of the uncertainty in all parameters for
decision uncertainty assumes that factors such as a model’s structure and data inputs are
considered to be appropriate. However, these characteristics of the model are also subject to
uncertainty, which should be identified and formally examined using sensitivity analysis.’
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TABLE 6 Statements of good practice — appropriate type of sensitivity analysis to address ‘methodological’ uncertainty

Publication

Briggs et al., 1994"

Drummond and
Jefferson, 1996%

Lord et al., 1999%

Briggs, 2000'?

NICE, 2004*

Philips et al., 2006'*

Appropriate type of sensitivity analysis

‘Simple sensitivity analysis can also play an important role in coping with uncertainty in some
forms of analytical method: if the data are available, results can be recalculated using alternative
approaches.’

‘Uncertainties may stem from the existence of alternative analytical methods. Some issues will
be avoided by an explicit statement of the approach to be adopted, but others may be usefully
handled by using sensitivity analysis — for example, to present results for different discount rates,
or with and without indirect costs.’

‘Simple sensitivity analysis might be required in addition to probabilistic analysis to investigate the
effect of uncertainty over analytical methods.’

‘... the use of a “reference case” of core methods ... supplemented by additional analyses
employing other methods thought appropriate by the authors.’

‘Analyses using alternative methods to the reference case should be presented separately from
those relating to structure and data.’

‘Uncertainty about the appropriateness of the methods used in the reference case can also be
dealt with using sensitivity analysis’

‘Methodological uncertainty should be addressed in a similar manner [to structural uncertainty].’

TABLE 7 Statements of good practice — appropriate implementation of ‘deterministic’ sensitivity analysis

Publication

Briggs et al., 1994"!

Soto, 20022

Philips et al., 2006'

Appropriate implementation of sensitivity analysis

‘Studies which provide a source of explanation for the ranges used in simple sensitivity analysis are
likely to be of more use to decision makers than studies which employ an arbitrary range’

‘The choice of the variables on which a [deterministic] sensitivity analysis is performed should be
justified, and the rationale for the interpretation of the results of such an analysis should be defined
clearly.

‘If data are incorporated as point estimates, the ranges used for sensitivity analysis should be
stated clearly and justified ... .’

TABLE 8 Statements of good practice — appropriate implementation of ‘analysis of extremes’/‘threshold analysis’

Publication

Briggs et al., 1994"

Soto, 20022

Appropriate implementation of sensitivity analysis

Analysis of extremes

‘The usefulness of this approach depends on whether the study gives sufficient detail for the
reader to be able to determine whether the contexts considered within the analysis are more
extreme than their own. This problem can be eased if authors presented clearly the data relating
to the various elements of the analysis. For example, resource use and unit costs should be
presented separately, thereby enabling local data to be applied to the results of the evaluation.’
Threshold analysis

‘... care must be taken in selecting the appropriate threshold for such an analysis. Examples of
possible thresholds might be the values of uncertain parameters which cause an intervention just
to become more costly than its comparator in a cost-minimisation analysis; just to dominate (more

costly and more effective) its comparator in a cost-effectiveness or cost-utility analysis; and just to
provide a net benefit in a cost-benefit analysis.’

Analysis of extremes

‘It is advisable to include the best and worst values (extreme values) of the variables and the values
of confidence intervals, if available ... .
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TABLE 9 Statements of good practice — appropriate implementation of probablistic sensitivity analysis

Publication

Briggs, 2000'?

Sculpher et al., 2000%

Weinstein et al., 20033

NICE, 2004

O’Hagan et al., 2005*

Ades et al., 2006%

NICE, 2008°

Appropriate implementation of sensitivity analysis

‘The distributional assumptions made for each variable [should] relate to the nature of this
variable.’

‘In summary, for those parameters of a cost-effectiveness model that could, in principle, be
estimated from observed data, consideration should be given to the prior distribution of these
parameters to reflect uncertainty. Where possible, this should be based on the available data from
studies, supplemented where necessary by expert opinion. The specified prior distributions should
relate to second order uncertainty rather than the variability in parameter values, and care should
be taken to ensure that the prior distributions chosen are consistent with any logical bounds on
the parameter values.’

‘... in some situations it should be very clear that such a relationship [covariant] does exist, in
which case these parameters should follow an appropriate joint distribution in a probabilistic
analysis.”

‘... if a stochastic analysis is undertaken, the analyst should be clear about, and justify, their choice
of statistical distributions to model the uncertainty.’

‘If cohort simulation is used, sensitivity analysis may be done using probabilistic (Monte Carlo,
second-order) simulation, using the specified probability distributions of parameter inputs.’

‘In specifying those parameter distributions, care should be taken to ensure that interdependence
among parameters is reflected properly in the joint distribution of parameters.’

‘Within a probabilistic analysis it is also helpful to present the contribution of the uncertainty in
each parameter to overall decision uncertainty. This can be achieved using expected-value-of-
information methods.’

‘Formally, we require a joint probability distribution for all the uncertain, parameters. Only in the
case where the parameters are statistically independent is it enough to formulate a probability
distribution for each parameter separately; otherwise it is necessary to think about correlation
between parameters. Although often assumed without comment, independence is a strong
assumption.’

‘Monte Carlo simulation from the joint posterior distribution [is suggested because it] captures the
correlation structure, delivers correct computation of expected costs and benefits based on all the
evidence, as well as a correct sensitivity analysis.’

‘The distributions chosen for probabilistic sensitivity analysis should not be arbitrarily chosen, but
chosen to represent the available evidence on the parameter of interest, and the use should be
justified. Formal elicitation methods are available if there is a lack of data to inform the mean value
and associated distribution of a parameters. If there are alternative plausible distributions that
could be used to represent uncertainty in parameter values, this should be explored by separate
probabilistic analysis of these scenarios.’

‘Evidence about the extent of correlation between individual parameters should be carefully
considered and reflected in the probabilistic analysis. Assumptions made about the correlations
should be clearly presented.’
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Chapter 3

Review of the use of sensitivity
analysis in assessment documents
for recent NICE appraisals

his chapter reports the work carried out in

the second phase of the project, namely to
review the use of sensitivity analysis in general, and
PSA in particular, in recent technology assessment
reports (TARs) prepared by independent academic
teams for NICE. The focus of the work was on
the documents available to the NICE Technology
Appraisal Committee. The essence of this chapter
is a description of what was reported: we reserve
comment for Chapter 6.

Methods

The 15 most recent TARs prepared by independent
academic teams for NICE were retrieved. (See

Table 10 for brief details of these appraisals, and
Appendix 3 for the NICE guidance decisions.)

The appraisals spanned NICE technology
appraisal waves 8-11, and covered a broad range
of interventions and conditions. Seven academic
teams were commissioned to undertake review and
cost-effectiveness work for NICE, and work from
most such teams is featured in this sample.

A preliminary checklist for this review of features of
sensitivity analysis to be explored and identified in
the TARs was constructed based on the findings of
the literature review. This was refined as the process
of completing the summaries was undertaken.

We classified the reasons for running the model
into three groups, as follows:

*  Parameter uncertainly involved alternative
estimates of the expected costs and outcomes
for the same patient group under the same
methodological assumptions. This could
include the use of different model structures,
for example the inclusion or exclusion of a
particular effect.

*  Methodological uncertainty involved estimates of
the expected costs and outcomes for the same
patient group under different methodological

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

assumptions. This included changing discount
rates and time horizons.

e Alternative patient groups involved consideration
of the expected costs and outcomes for
different patient groups. The essence of this
type of analysis is to support the possibility
of different decisions for the different patient
groups. If cost-effectiveness is performed on a
population with some sort of case mix, with the
expectation that a single decision be made for
the population as a whole, then any variation
of this case mix would be considered parameter
uncertainty for the purposes of this report.

The full list of questions that form the checklist
1s shown in Box 2, and the data extraction form
is given in Appendix 4. Clarification of the
definitions is given below where appropriate.

Classification of parameters
Model parameters were classified into four groups:

* cost-related parameters: essentially unit costs
for treatment

* utility-related parameters: essentially valuations

of health states

patient progression: this covers anything which

changes the health status of patients, including

transition probabilities, time to event, relative

risk, etc.

e other parameters.

Basis for selecting range in
deterministic analysis

The basis for selecting the range used in univariate
sensitivity analysis could include any of the
following:

* use of different estimates from the literature

* percentage changes (including removal of an
effect as a special case of this)

* inclusion of an effect not considered in the
base case

15
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TABLE 10 Descriptions of the 15 multiple technology appraisals reviewed in this project

Appraisal
number

TA103%

TAI05*

TA106*

TAI%

TAL 12

TAI13%

Published appraisal
reports

Psoriasis — efalizumab
and etanercept

Colorectal cancer —
laparoscopic surgery

Hepatitis C —
peginterferon alfa

Alzheimer’s disease —
donepezil, galantamine,
rivastigmine (review)
and memantine

Breast cancer (early) —
hormonal treatment

Diabetes — inhaled
insulin

Population

Adults with moderate to
severe psoriasis

People with surgically
resectable colorectal
cancer

Adults with mild chronic
hepatitis C

People with Alzheimer’s
disease or people whose
dementia is considered
to be predominately
Alzheimer’s disease

Postmenopausal women
with early oestrogen-
receptor-positive breast
cancer (stages | and Il
of the American Joint
Committee on Cancer
system)

Adults with Type |
diabetes mellitus

Adults with Type 2
diabetes mellitus who
require insulin therapy

Interventions

Efalizumab (Raptiva)
Etanercept (Enbrel)

Laparoscopic surgical

techniques including:

— laparoscopic (or
laparoscopically-assisted)
colectomy

— hand port-assisted
laparoscopic colectomy

If appropriate comparison
will be made between
the different methods of
laparoscopic surgery

Dual therapy (pegylated
interferon alfa and ribavirin)

Monotherapy (pegylated
interferon alfa) (for those
who cannot tolerate
ribavirin)

Non-pegylated interferon
alfa and ribavirin

Drugs for the treatment
of Alzheimer’s disease
including donepezil,
rivastigmine, galantamine
and memantine, in-line
with their marketing
authorisation

Aromatase inhibitors

for adjuvant treatment:
anastrozole, letrozole and
exemestane

Inhaled insulin (Exubera)

Comparators

Acitretin, ciclosporin,
hydroxycarbamide,
methotrexate, fumarates
or photo(chemo)therapy

Open colectomy

Best standard care,
including either treatment
without any form of
interferon therapy, or (for
the pegylated interferon
intervention) treatment
with non-pegylated
interferon, if the evidence
allows

Management without
donepezil, rivastigmine,
galantamine or
memantine

Comparison will be made
with the oestrogen-
receptor antagonist,
tamoxifen

For Type | diabetes
mellitus:

— injected short-acting
insulins or insulin
analogues

For Type 2 diabetes

mellitus:

— injected short-acting
insulins or insulin
analogues

— anti-diabetic regimens
without insulin



DOI: 10.3310/htal 3290

Health Technology Assessment 2009; Vol. 13: No. 29

TABLE 10 Descriptions of the 15 multiple technology appraisals reviewed in this project (continued)

Appraisal
number
TAI 14%
TAI'15%
TAI 7%
TAI 18%
TAI120%

Published appraisal
reports

Drug misuse —
methadone and
buprenorphine

Drug misuse —
naltrexone

Hyperparathyroidism —
cinacalcet

Colorectal cancer
(metastatic) —
bevacizumab and
cetuximab

Heart failure — cardiac
resynchronisation

Population

Opioid dependent adults
(=16 years old)

Detoxified, formerly
opioid-dependent
individuals

Adults with
hyperparathyroidism
secondary to renal
failure

For bevacizumab:

people with untreated
metastatic colorectal
cancer

For cetuximab:

people with EGFR-
expressing metastatic
colorectal cancer
who failed irinotecan-
including therapy

People with heart failure
(NYHA classification
class) with cardiac
dyssynchrony and LVSD

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

Interventions

Methadone (oral) and
buprenorphine (sublingual)

Naltrexone (oral)

Cinacalcet as an adjunct
to current standard
treatments

Bevacizumab (in
combination with 5-FU/
FA or with irinotecan plus
5-FU/FA)

Cetuximab (in combination
with irinotecan)

Cardiac resynchronisation
therapy (biventricular
pacing) devices

It is intended that cardiac
resynchronisation therapy
CRT-P devices will be
regarded as a class, as will
cardiac resynchronisation
therapy CRT-D devices

Comparators

The interventions are
adjuncts to current
treatment strategies and
therefore the comparator
is treatment strategies
without methadone (oral)
and/or buprenorphine
(sublingual)

Any current
treatment strategies
in the maintenance of
detoxified, formerly
opioid-dependent
individuals without
naltrexone

Standard management
strategies not including
cinacalcet

If the evidence allows,
a comparison may be
made with surgical
parathyroidectomy,
only in the subgroup of
patients with very high
levels of parathyroid
hormone in whom this
may be considered an
option

For bevacizumab:

— established fluorouracil-
containing or releasing
regimen

For cetuximab:

— oxaliplatin in
combination with 5-FU/
FA by infusion

— active/best supportive
care (that is without
chemotherapy)

Comparator intervention:

— optimal medical
treatment

For the consideration of
cost effectiveness, further
comparison of CRT-P,
CRT-D and ICD will be
required for different
subgroups of patients

continued
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TABLE 10 Descriptions of the 15 multiple technology appraisals reviewed in this project (continued)

Appraisal
number

TAI2]®

TA128%2

TAI130%

TAI132%

Published appraisal
reports

Glioma (newly
diagnosed and high
grade) — carmustine
implants and
temozolomide

Haemorrhoid — stapled
haemorroidopexy

Rheumatoid arthritis —
adalimumab, etanercept
and infliximab

Hypercholesterolemia —
ezetimibe

Population

People with newly
diagnosed high-grade
glioma (grades Ill and
IV) for whom surgery
and radiotherapy are
indicated

People with
haemorrhoids for whom
surgery is considered

Adults (= 18 years old)
with rheumatoid arthritis

Adults with primary
(heterozygous familial
and non-familial)
hypercholesterolaemia
who are candidates for
treatment with statins
on the basis of their
cardiovascular disease
status or risk and:

— whose condition is
not appropriately
controlled with a statin
alone or

— in whom a statin
is considered
inappropriate or is not
tolerated

This appraisal will not
consider the use of
ezetimibe in people with
homozygous familial
hypercholesterolaemia

Interventions

Carmustine implants
Temozolomide

Both are used as adjuncts
to surgery and/or
radiotherapy

Stapled
haemorrhoidectomy

Adalimumab, etanercept
and infliximab

Ezetimibe alone or in
combination with a statin

Comparators

Comparators may
include:

— surgery with or without
radiotherapy alone

— surgery, radiotherapy
combined with
antineoplastic agents
other than those listed
under interventions (for
example nitrosourea-
based regimens such as

PCV)

Milligan—Morgan/Ferguson
haemorrhoidectomy

Management strategies
with or without TNF-a
inhibitors

Other TNF-o inhibitors

In people with

primary (heterozygous
and non-familial)
hypercholesterolaemia,
which is not appropriately
controlled with a statin
alone, ezetimibe,
coadministered with a
statin, will be compared
with:

— optimal statin therapy

— treatment with a statin
in combination with
other lipid regulating
drugs, such as nicotinic
acid/acipimox, bile acid
resins and fibrates

In people in whom a
statin is considered
inappropriate or is not
tolerated, ezetimibe
monotherapy will be
compared with other
lipid regulating drugs,
including nicotinic acid/
acipimox, bile acid resins
and fibrates

5-FU/FA, 5-fluorouracil plus folinic acid; CRT-D, cardiac resynchronisation therapy including implantable cardioverter
defibrillator; CRT-P, cardiac resynchronisation therapy pacemaker; EGFR, epidermal growth factor receptor; ICD,
implantable cardioverter defibrillator; LVSD, left ventricular systolic dysfunction; NYHA, New York Heart Association; PCV,
procarbazine, lomustine and vincristine; TNF-c, tumour necrosis factor-alpha.
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BOX 2 Questions used in the technology assessment report (TAR) review forms

General information about the TAR

Type of model
Measure of health outcomes
Time horizon

Academic team

I. Parameter uncertainty
Does the study consider parameter uncertainty?
If yes, what approaches have been used to deal with parameter uncertainty?

If univariate sensitivity analysis was reported, was justification given for the choice of the parameters to vary and the
selected values?

Cost-related parameters
Utility related

Patient progression
Other parameters

If multivariate sensitivity analysis was reported, was justification given for the choice of parameters to vary, and the
selected values?

If other types of deterministic sensitivity analysis have been reported, was justification given for the choice of the
parameters to vary, and the selected values?

How were the results of the deterministic sensitivity analysis reported?
If PSA was conducted, was justifications given for the choice of the parameter to vary, and the selected values?
Cost-related parameters
Utility related
Patient progression
Other parameters
For each of the above:
Type of distribution
Explanation for the choice of distribution
Distributions informed by data or by assumptions

Was there any assessment of correlation between model parameters? If parameters were correlated, was this correlation
taken into account?

What was the number of replications conducted in the PSA?
How were the results of the PSA reported?

Was there any consideration of value of information?

2. Methodological uncertainty

Did the study address methodological uncertainty?

3. Alternative patient groups.

Did the study assess the cost-effectiveness of the intervention in different patient groups?

4. Additional analysis

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.
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* variation in clinical practice

* quantiles of data (including the use of upper
and lower quartiles and extreme values)

* expert opinion

* alternative methods of estimation (using
different sources or inclusion criteria for data
synthesis).

If necessary, the basis was marked as unclear.

Distributions for probabilistic

sensitivity analysis parameters

Within PSA, the basis for selection of a particular
distribution for each parameter was explored. The
issue here was what informed the distribution not
the base case value. The options coded were:

* informed by new data available to the
assessment group

* based on published values

* assumptions.

However, some cases simply had to be marked as
unclear.

Results

Table 11 summarises the answers to the main
questions listed in Box 2, for each of the 15
independent reports examined. Ten reports used
Markov models, three used a decision tree, and one
an individual sampling model. One group used the
model submitted by the manufacturer rather than
developing their own de novo model. However, in
that case, the industry model was of a type not clear
from public documents. All 15 assessment reports
gave analysis outcomes in quality-adjusted life-years
(QALYs), with two reports also giving outcomes

in life-years gained. Time horizons ranged from

1 year to a lifetime. Reports were produced by six
different academic teams.

All 15 reports included deterministic sensitivity
analysis, and 13 reports also included PSA. The
two exceptions where no PSA was undertaken were
the one where the industry model was used and the
one based on an individual sampling model.

Features of deterministic
sensitivity analysis

The basis for selecting the range used in univariate
sensitivity analysis is shown in Table 12. A similar
table is also included in Appendix 5 (Table 20)

documenting which reports are counted in each
cell of the table.

Table 12 reveals that the basis for selecting the
ranges used in univariate sensitivity analyses was
most commonly categorised as ‘unclear’ for all
parameter categories. Practice also commonly
included using estimates from the literature, as well
as arbitrary percentage changes in the parameter
value, or using data quantiles.

Multivariate sensitivity analysis was found in three
reports. In all cases, this was a very limited range
of combinations of parameters and the basis for
selection was not clearly reported.

Other types of deterministic sensitivity analysis
included scenario analysis in two reports and
threshold analysis in four reports. The usual
method of presentation of the deterministic
sensitivity analysis was a table showing the new
value of the incremental cost-effectiveness ratio
(ICER) (occasionally with some other parameters)
for each change made. TA117* and TA120° had
graphs showing change in net monetary benefit
(NMB). TA132% had a tornado diagram.

Threshold analysis (where included) was presented
as a graph showing the NMB or ICER as a function
of the variable being changed.

Features of probabilistic
sensitivity analysis

Table 13 shows the types of distribution used,

and Table 14 shows whether the distribution was
informed by data or assumptions. Tables 21 and 22
in Appendix 5 give an indication of which reports
feature in each table cell.

For cost-related parameters, the most common
distribution was the lognormal, with gamma and
normal also being seen frequently. For utility
parameters, the beta distribution was by far the
most common, and this distribution was also

used widely for patient progression parameters.
However, on that latter set of parameters, a wide
range of distributions have been used. Explanation
for the choice of distribution was clearly stated in
only one report, TA121.%!

For all parameter categories, the source of
information for specifying the distribution was
published values in the majority of cases. The use
of assumptions was also widespread, with data



No. 29

Vol. I3

’

Health Technology Assessment 2009

DOI: 10.3310/htal 3290

panunuod>

°N

°N

O°N

ON

soA

soA

°N

saA

soA

saA

sdnous
juaned
AU Y

°N

sap

soA

sap

sap

saA

sap

sap

°N

°N

Ayureyuadun
es18ojopoy3a|

sisA[eue olJeuadg
sap 9JBlIBAIUN

sisA[eue pjoysauy_|

sap dJelIBAIUN
saA SjelIBAIUN
saA djelIBAIUN

sisA[eue olieuadg

9JelIBARN]Y
oN 9JBIIBAIUN
saA 9JBlIBAIUN

9JelIBADN]Y
SaA 9JElIBAIUN
saA 9JEBlIBAIUN

sisA[eue pjoysaJy |

SJelIBARN|
saA SjelIBAIUN
saA SjelIBAIUN

sisAjeue sisAeue
AyjAnisuas A3Anisuas
a13s1jIqeqo.d ansiuIWIRIRQ

Ayureysadun Jajsweded

sueak §

awinay

Jeaf |

Jeak |

sueak g

steak g¢

sieak §

awINay

steak g7

Jeak |

uoziioy
swny

XS L=IN

AOd|JEL

LY
uoispag

Y

uoispa

~e9pun

AOMJEL

AOd|JEL

AOd|JEL

AOdJELY

A0

adfy
ISPOW

PIRYIRYS Jo AaissaAuN
‘YoJeasay paje|ay pue yijesH jo |ooyds

J939%3 Jo ASIBAIUN
‘dnoun) Juswissassy ASojouyda| ejnsuluad

wey3ujwig
10 AJISI9AIUN ‘UOIIBIOGE||0D) JUBLLISSISSY
A8ojouyd3| Y3[esH SPUE|PIA ISOAA

weyduiwag
10 AJSISAIUN ‘UOIIEIOQE||0D) JUBLLISSISSY
A3ojouyda| YieaH SPUE|pI| ISOAA

ussp.eqy
Jo AlISISAIUN AU YdJeasay SODIAISS YlesH

PIUJRYS Jo AlissaAlun
‘UoJeasay pale|ay pue yjjesH jo |ooydg

uojdweyinog
J0 AJISIDAIUN ‘DJIUDY) SIUDLUSSISSY
A3ojouyds] yyeaH uoidweyinog

uojydweyinog
10 AJISISAIUN ‘DJIUSY) SIUDLUSSISSY
A3ojouyds] yyeaH uoydweyinog

usspJeqy
Jo ANISISAIUN AU YDJeasay SODIAISS YlesH

SOA JO AusJaAIUN
‘dnoun Juswissassy ASojouyds| JHD/AYD

wea) Jjwapesy

s140da. Juspuadapul §| ay1 Jo Aipwwns || 379V.L

21

geWIXN3ad pUe qewnzideAsq
— (one3selsw) Jadued [e309.40|0D)

81 1VL
190[edRU — WsIploJAyesediadAH
el | IVL

sauoxaJjjeu — asnsiw 3niq

S1IVL

auiydaouaudng
pue suopeyaw — asnsiw 3nuQg

w¥ | VL

ulnsul psjeyul — sa3aqelq
€I IVL

juswIea)
[euowiioy — (AjJea) Jadued jseaug

wCl IVL

aunuBWIAW pUE (MB3IAS)
aujw3iseAld ‘sujwejuees
‘|1izadauop — aseas|p s, JaWIdYzZ|y

el 11VL

ej[e uodapimuidad — H snnedsH
%901VL

A1a8uns
sidoosouede| — uadued [e323.10|0D)

1wS01VL

1doousueyo
pue qewnzije}d — siseliosd

ov€01VL
|esreadde A3ojouyda)

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.



Review of the use of sensitivity analysis in assessment documents for recent NICE appraisals

sap

°N

ON

saA

saA

sdnou8
juaned
AARUIR Y

"3|qe|ieAe Ajp1ignd 10U sI yoiym 1uodad s, J94n1denueW Yl 01 J9JaJ ING ‘PAGLIDSIP 10U S| 94NIdNIIS [SPOW Syl — [SPOW S, JaJn1dejnuew ay) pasn dnoud Juswssasse ay| e

sap sap 3jelIBAIUN
oN oN 3jelIEAIUN
oN sap 3jelIBAIUN

sisAjeue pjoysaJy]

sap soA SjelIBAIUN

sisA[eue pjoysaJy |

SaA SaA 3jelIEAIUN
fyureyaadun sisAeue sisA[eue
|es18ojopoy3a|N Ayanisuas fyAnisuas
a13s1jIqeqo.d a13sIUIWLIRIRq

Ayureyaadun Jajswedeyd

awnvyn

awIey

sJeak ¢

sueak §

awiI3ey

uozrioy
swiy

AOdIel

[opow
Suidwes
[enpIAIpU|

sa.)

uoisidag

AOdIBl

AOMIBl

adfy
I°PO

PIRUJRYS Jo ANSIAIUN
‘YoIeasay pate[sy PUe LI[esH JO [00ydS

wey3uiwig
JO AJSJIDAIUN ‘UOIIBIOGE||0D) JUDWISSISSY
ASojouyda| y3jesH SPUB|pI] ISSAA

3IOA JO ANSIDAIUN
‘dnougy Juswissassy A3ojouyda] JHD/AYD

J919X3 Jo ANSILAIUN
‘dno.n) Juswssassy ASojouyda) ejnsuluay

J919%3 Jo AJsILAIUN
‘dnoun) Juswssassy ASojouyda) ejnsuluay

wea) dlwapesy

"UOIIBUILIBSSI PUB SMBIAY J0} 9.3UD) ‘@YD {SOIWOU0DT YIeaH J0j 13ud)) ‘JHD

aqIwneze
— BlWS|0J91s9|oydIadAH
»sCEIVL

qewixijul
pue 1dedusuels ‘qewnuwijepe
— SIIIYIE plojeWNayYy

es0E VL

Axadoploaiowsaey
pajdess — pioy.iowaeH

8CIVL

SpIWo|0ZOWS) pue

syuejduwi sunsnwed — (speJs ysiy
pue pasoudelp Ajmau) ewol|9)

s TIVL

UOIIBSIUOIYDUASD
Je|pJed — aJn|ie) JueaH

0s0CIVL
Jesreadde A3ojouyd3)

(panunuod) syodas uspuadapul §| ay1 Jo Aipwwins |1 319VL

22



DOI: 10.3310/htal 3290 Health Technology Assessment 2009; Vol. |3: No. 29

TABLE 12 Univariate sensitivity analysis (cells indicate number of reports)

Parameter categories
Basis for selecting

ranges Cost Utility Patient Other
Estimates from the 4 5 2 0
literature

Arbitrary percentage 7 3 5 |
changes

Removal of effect | 0 |

Additional effect not 0 0 |

included in base case

Variation in clinical | 0 0 0
practice

Quantiles of data® 3 | 3 0
Expert opinion | 0 | |
Alternative methods of 0 | | 0
estimation®

Unclear 8 5 6 |

a Including use of upper and lower quartiles and extreme values.
b Using different sources or inclusion criteria for data synthesis.

TABLE 13 Distributions used in probabilistic sensitivity analysis (cells indicate number of reports)

Parameter categories

Distribution Cost Utility Patient Other
Gamma 4 2 | |
Normal 4 2 6 |
Bivariate normal 0 0 2 0
Multinormal 0 | 0 0
Triangular 2 0 2 0
Lognormal 5 0 3 0
Expnorminv 0 0 | 0
Beta 0 8 7 2
Dirichlet 0 0 I 0
Uniform 0 I I 0
Poisson 0 0 I 0
Not stated | I 0 0
TABLE 14 Source of distribution for parameters (cells indicate number of reports)
Parameter categories
Source of parameter
distribution Cost Utility Patient Other
Data 0 | 4 0
Published values 9 7 10 |
Assumptions 6 3 6
Unclear 2 2 | 0

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.
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representing an important source of information
for the patient progression parameters.

It was rare for the issue of correlations between
parameters to be considered explicitly as part
of the PSA. Only one report addressed this
issue, TA132, which included the use of joint
distributions.?*

Modelling process and
reporting issues

Tuble 15 shows the distribution of the number of

replications used in each technology appraisal
model for the PSA.

Table 16 gives the methods of reporting of results.
Only two TARs, TA120° and TA128%, included any
value of information analysis.

Methodological uncertainty and
alternative patient groups

Table 17 shows the different forms of
methodological uncertainty that were addressed.

TABLE |5 Number of replications

Number of replications TAR numbers

1000 117,%120,%° 121,5' 128,
1325

2000 |18%

5000 or 10,000 [12%

10,000 105, 114,% 115%

Not found 103, 106, 111

TABLE 16 Reporting of results

Method for reporting

results TAR numbers

Tables for specific 103,% 106*

thresholds

LB 12,4 114,% 1159
117,118,120, 121,
128

105,4 106, 111,2112,*
1144 1154 117,%118,%
120, 121,%" 128, 32>

Scatterplots

Cost-effectiveness
acceptability curve

TABLE 17 Methodological uncertainty

Aspect of
methodological

uncertainty explored TAR numbers

Discount rates 106, 111, 112,4120,%
121,5" 132

Time horizons 113,%117,%120,° 121,
1325

Societal perspective 14, 15,47 117

Eight reports explored the issue of generalisability
by providing estimates of costs and effects for
alternative patient groups. The TAR numbers,
along with the alternative groups considered, are
listed as follows:

* TAI103 - poor baseline quality of life.*

e TA105 - different stages of cancer.”

e TA106 — start age of the cohort and proportion
of genotype 1.*?

* TAI112 — different start age."*

e TA113 - different age and different duration of
diabetes.*

e TA120 - starting age.”

e TAI121 - groups with different prognoses.”!

e TA132 - gender, age groups, primary or
secondary cardiovascular disease, baseline low-
density lipoprotein (LDL) cholesterol level.**

Conclusions

Practice by the commissioned academic teams

in relation to univariate sensitivity analysis is
highly variable, with considerable lack of clarity

in relation to the methods used and the basis of
the ranges employed. Further, the presentation

of such analyses revealed room for improvement,
with the use of diagrams, such as tornado figures,
being very rare. In relation to PSA, the variability
in the form of distribution used for similar
parameters is surprising, and it is concerning

that the justification for such choices is rarely
given. The failure to consider correlations

within PSA is another area of concern worthy of
highlight. Chapter 4 will explore how the reported
uncertainty was considered and used in the context
of making coverage policy.
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Chapter 4

Review of the NICE guidance documents

Introduction

The next stage of the work was to explore how
uncertainties in the CEAs were handled by NICE
in the process of making coverage decisions. In
particular, we wished to assess the value placed on
the sensitivity analysis components of the economic
analyses, and identify any particular issues or
concerns with the PSA components.

Methods

For all 15 NICE technology appraisals studied in
this research, the Final Appraisal Determination
guidance has been reviewed. The objective was to
assess the policy impact of the sensitivity analysis,
and of the PSA in particular. Given this focus, the
review concentrated entirely on the section in the
guidance document entitled ‘Consideration of
the evidence’. Issues of uncertainty and reporting
of the sensitivity analyses were contained in all
guidance documents as part of the evidence
overview sections.

All documents were read by one member of the
research team (SB), and selected text was extracted
where reference was made to uncertainty in

the context of the economic analysis, sensitivity
analyses or a range of results for the CEA.

Across all 15 appraisal topics, the extracted text
was then reviewed to identify themes relating to
uncertainty and the use of sensitivity analyses.

Results

Seven themes relating broadly to uncertainty and
sensitivity analyses were identified and are listed as
follows:

*  Acknowledgement of uncertainties in data and/
or analyses The issue of uncertainties around
the analysis results was acknowledged and
discussed explicitly in several documents.

*  Uncertainties regarding data inpuls to the
analysis Concerns relating to the appropriate

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

or correct value to attach to specific model
parameters were also raised.

*  Range of results 'This refers to instances when
a range of results from a sensitivity analysis is
reported in the discussion.

*  Uncertainty and the coverage decision In some
instances, the issue of uncertainty is raised
in the context of the coverage decision
and the influence of the uncertainty on the
Committee’s willingness to make a positive
decision.

*  lalue attached to deterministic sensitivity
analysis Explicit reference is made in some
documents to the usefulness of the sensitivity
analysis, particularly the deterministic
component.

e Search for subgroups The sensitivity analysis
served as a route for identifying subgroups of
patients, with quite different cost-effectiveness
results, in many reports.

e Structural uncertainties Where the Committee
was concerned about the appropriateness
of the model structure, sensitivity analysis
was seen as a route to provide supporting
information.

Table 18 gives an indication of which themes

were identified in relation to which technology
appraisal. It is clear that some themes, notably the
data uncertainties and subgroups, were prevalent in
most appraisals, whereas others, such as structural
uncertainties and use of ICER ranges, were very
limited in their coverage.

This section of the chapter is structured by theme,
with introductory text to introduce the theme

and then quotes from the guidance document as
evidence. The parenthesised number at the end
of each quote is the number of the technology
appraisal to which the quote relates.

Acknowledgement of
uncertainties in the data
and/or analyses

In many of the guidance documents, the issue of
uncertainty was raised and acknowledged explicitly.
It is evident that the Committee was aware of the

fact that the cost-effectiveness estimates presented
25
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TABLE 18 Distribution of themes across appraisal topics

Theme

Acknowledgement of uncertainties in the data and/or analyses

Uncertainties regarding data inputs to the analysis

Range of results
Uncertainty and the coverage decision
Value attached to deterministic sensitivity analysis

Search for subgroups

Structural uncertainties

to it were, in some instances, quite uncertain, and
the wording of the guidance documents serves to
emphasise this point repeatedly.

The Committee was mindful that all the cost-
effectiveness estimates were associated with
uncertainty. (TA132%%)

The Committee noted that these factors
introduced considerable uncertainty into the
estimates of cost effectiveness in all the models.
(TA130%)

The Committee also noted that these estimates
were associated with a high level of uncertainty
.... (TA118%)

In considering the economic modelling

the Committee recognised that there was
considerable uncertainty in the estimates of
cost effectiveness that had been produced.
(TA103*)

Uncertainties regarding data
inputs to the analysis

The principal focus of the discussion of uncertainty
was in terms of the key data inputs into the cost-
effectiveness model or analysis. Such uncertainties,
very commonly in relation to effectiveness data,
were expressed as a concern and clearly led to some
degree of caution on the part of the Committee in
reaching a positive judgement. A broad range of
parameter types are referred to where uncertainties
in data were mentioned, notably the longer-term
effectiveness of the technologies, the health state
utilities and side-effect profiles.

It [the Committee] was aware of the lack of
data for ezetimibe on cardiovascular outcomes

TARs where theme identified

103, 112,* 115, 118, 130,% 132>

103, 105, 106, 111, [12,% 113, 118,%
120,50 121,%' 128,52 130,%® 132

111,43 132%
130,53 132%*
FELB 112,44 113,4 1215

103, 111, 112, 113, 115,47 117,% 120,
21,3 132

[11,B117%

and the possibility that future adverse events
relating to ezetimibe might become apparent
with extended use over time. (TA132%)

The Committee considered that there were
significant uncertainties relating to the
assumptions in the models, most notably about
long-term disease progression and stabilisation
while responding to tumour necrosis factor-
alpha (I'NF-o) inhibitors and conventional
DMARD:s [disease modifying antirheumatic
drugs] in patients with established disease.
(TA130%)

The Committee recognised that there were few
data to inform estimates of long-term disease
progression. (TA130%)

Furthermore, the Committee understood
that, because there was little direct evidence,
there remains uncertainty over the precise
utility values associated with pain and the
overall benefits of stapled haemorrhoidopexy.
(TA128%?%)

The Committee considered there to be
insufficient evidence on the effectiveness

of CRT in patients with heart failure
associated with atrial fibrillation for it to make
recommendations for this group ... . (TA120°)

The Committee discussed the uncertainties
around the estimates of utility for patients with
metastatic colorectal cancer. (TA118%)

This uncertainty related principally to
estimates of the efficacy of the alternative
interventions and treatment regimens and the
evidence on long-term outcomes. (TA103*)
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Range of results

Despite the explicit acknowledgement of
uncertainty in the guidance documents, very

few of those reviewed explicitly discussed the
impact of the uncertainty on the cost-effectiveness
results. Note that this review was limited to the
‘Consideration of the evidence’ section, and the
report of the evidence always included detail

of the base case and sensitivity analysis results.
Nevertheless, only two of the guidance documents
reported a range of results in the use of evidence
section, where discussion focused on how the
Committee made use of the evidence to arrive at a
coverage decision. The ranges reported in the two
cases came from deterministic sensitivity analyses
and not from PSAs.

The Committee noted that the incremental
costs per QALY gained of ezetimibe ... ranged
from £24,000 to £43,000 ... . (TA132%)

It further noted that the incremental costs
per QALY gained for ezetimibe monotherapy
versus no treatment, assuming a baseline LDL
cholesterol concentration of 3.5 mmol/litre,
ranged from £24,000 to £30,000 between the
ages of 45 and 65 years and from £33,000 to
£42,000 at age 75 years. (TA132%)

It noted that the new estimates of cost
effectiveness would then be in the range of
36,000 to 50,000 per QALY gained. (TA111%)

A one-way sensitivity analysis on the
augmented base case plus the element for carer
benefits was associated with cost-effectiveness
estimates ranging from 31,000 to 43,000 per
QALY gained. (TA111%)

Uncertainty and the
coverage decision

In two of the appraisals, uncertainty was raised
explicitly as a factor having direct influence on the
Committee’s deliberations around the coverage
decision itself. Specifically, uncertainties around the
cost-effectiveness results were cited as one of the
factors leading the Committee to make a decision
not to recommend the technology in question.

In both cases, uncertainty was associated with a
decision not to recommend use of the technology
in the NHS.

Given the uncertainty around the range of
incremental cost-effectiveness ratios (ICERs)
for this scenario ... the Committee agreed that

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

ezetimibe coadministered with a statin should
not be recommended. (TA132%)

Taking into consideration clinical practice

and the uncertainties in the estimates of

cost effectiveness of TNF-o inhibitors, the
Committee was not persuaded that the use

of TNF-a inhibitors after the failure of one
conventional DMARD would be an appropriate
use of NHS resources. (TA130%)

Value attached to deterministic
sensitivity analysis

Where reference was made explicitly to the
sensitivity analysis part of the assessment report,
in all cases it was the deterministic sensitivity
analysis, and not the PSA, that was cited. Further,
when such references were made, the comments
always indicated that the deterministic analysis was
helpful to the Committee. The indication appears
to be that such sensitivity analyses supported the
Committee in identifying where the focus needs
to be for the discussion and for challenging of the
evidence and assumptions. Where the sensitivity
analysis was able to demonstrate that the cost-
effectiveness result was insensitive to plausible
variation in a particular parameter value or to

a structural model assumption, this appears to
have provided considerable reassurance to the
Committee.

The Committee noted that in both models the
main influence on the ICERs was the utility
estimates used. (TA128%?)

It was also aware that a sensitivity analysis
demonstrated that the model was not sensitive
to this time-dependency assumption. It also
concluded that the results of the sensitivity
analyses showed that the overall gain from
treatment would have to increase considerably
for the ICERS to decrease substantially.
(TA121%)

The Committee concluded that the

ICERs remained high for the whole study
population when these alternative measures
of progression-free survival were used in the
analysis and were also subject to considerable
uncertainty. (TA121°")

The Committee additionally considered the
Assessment Group’s economic modelling of
improved uptake of insulin or intensification
in type 2 diabetes (in the absence of any utility
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gain) and were persuaded that this sensitivity
analysis indicated that, even if earlier uptake
were assumed, this effect alone was insufficient
to provide support for a cost-effective use off
this technology for most patients. (TA113%)

It heard from the clinical specialists that

the ‘benefits maintained’ scenario, used

by the Assessment Group in a sensitivity
analysis, provides the most relevant analysis.
Therefore, the Committee based its discussion
on the cost-effectiveness analysis using the
‘benefits maintained’” assumption, and it
noted that the incremental cost per QALY
gained for aromatase inhibitors, compared
with tamoxifen, was less than £20,000 for all
treatment strategies. It further noted that

the incremental cost per QALY gained did
not increase to more than £20,000 when the
predicted fracture risk was increased. (TA112%)

After hearing testimony from clinical and
patient experts, the Committee considered

a number of issues that might alter the
estimates of the cost effectiveness of the AChE
[acetylcholinesterase] inhibitors from the base
case presented by the Assessment Group. At
the Committee’s request the NICE secretariat
provided an augmented base case with
additional sensitivity analyses for consideration
by the Committee ... .(TA111%)

Search for subgroups and
the role of deterministic
sensitivity analyses

One of the principal roles of the deterministic
sensitivity analyses was in the search for subgroups
of patients for whom the technology might
represent better (or worse) value for money for the
NHS. This is a demonstration of the Committee
seeking to deliver on its charge and formal remit
around cost-effectiveness. This role was expressed
repeatedly in the guidance documents and reflects
its desire to make the most use of the available
evidence.

The Committee was persuaded that this ICER
was a conservative figure that underestimated
the cost effectiveness of naltrexone in people
who were highly motivated to remain abstinent
and who were enrolled in a supervised
treatment programme. (TA115%7)

The Committee therefore explored other
factors that could potentially improve the cost
effectiveness of inhaled insulin. Additionally,

the Committee explored if there were any
subgroups of people with diabetes who would
gain greater clinical benefit from inhaled
insulin. (TA113%)

For some technologies where the CEAs in

general terms indicated a negative decision, the
subgroup search, facilitated by the deterministic
sensitivity analysis, occasionally allowed a positive
recommendation to be made for a subgroup of
patients. The following examples indicate that
formal subgroup analyses, when alternative cost-
effectiveness estimates were provided through the
sensitivity analysis, were potentially influential in
the Committee’s decision-making.

The Committee noted that the incremental
costs per QALY gained of ezetimibe plus
simvastatin compared with atorvastatin were all
below £4600 regardless of age, sex and CVD
history. (TA1325%)

It [the Committee] further noted that the
incremental costs per QALY gained for
ezetimibe monotherapy versus no treatment,
assuming a baseline LDL cholesterol
concentration of 3.5 mmol/litre, ranged from
£24,000 to £30,000 between the ages of 45 and
65 years and from £33,000 to £42,000 at age
75 years. (TA132%%)

The Committee noted that the ICER from the
Assessment Group’s economic analysis based
on measures of functional status was £23,100
per QALY gained in the subgroup of patients
in whom 90% or more tumour resection had
been achieved. It concluded that carmustine
implants would be cost effective for this
subgroup of patients. (TA121°")

The Committee noted that the Assessment
Group’s economic analysis showed a substantial
difference in the estimates of cost effectiveness
of temozolomide for patients with a WHO
performance status of 0 and patients with

a WHO performance status of 1. ... The
Committee considered the uncertainty around
the treatment effects for these two subgroups
and noted that the confidence intervals
overlapped. It heard from the Assessment
Group that if this uncertainty was taken into
account in the economic analysis, confidence
intervals around the ICERs were likely to
overlap. The Committee concluded that it was
not appropriate to distinguish between these
two subgroups. (TA121°")
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The Committee considered that if the high
risk of adverse consequences and the poor
quality of life experienced by the subgroup of
patients described in 4.3.7 (in whom surgical
parathyroidectomy is not possible) were taken
into account, it was unlikely that the ICER for
cinacalcet would be reduced to the extent that
it could be considered a cost-effective use of
NHS resources. (TA117%)

The Committee was, however, persuaded

that inhaled insulin could be cost effective in
those people with diabetes who are unable

to inject because they experience marked

and persistent fear of injections or because
they cannot find suitable injection sites (for
example, due to severe lipohypertrophy)
which cannot be overcome by patient support
and education or by injection site rotation.
Furthermore, the Committee agreed that it was
likely that the utility gain in this patient group
would be sufficiently high to make the use of
inhaled insulin cost effective. This judgement
was based on the modelling provided by the
Assessment Group, which showed that the use
of a utility gain of 0.04 for inhaled insulin led
to ICERs of less than £25,000. (TA113*)

It therefore considered whether it might be
possible to define, prospectively, subgroups

of people with Alzheimer’s disease who

might benefit more than average, and for
whom AChE inhibitors might be a relatively
cost-effective treatment. In accepting the
subgroup analyses using severity of cognitive
impairment, the Committee reviewed the
estimates of cost-effectiveness. It noted

that for people with moderate Alzheimer’s
disease these estimates ranged from 23,000

to 35,000 depending on the choice of AChE
inhibitor and by including carer benefits in
the augmented base case. Conversely, the
Committee noted that for the subgroup of
people with mild Alzheimer’s disease estimates
of cost effectiveness ranged from 56,000 to
72,000 depending on the choice of AChE
inhibitor and by including carer benefits in the
augmented base case. (TA111%)

Structural uncertainties causing
problems in making a decision

In a small number of cases, the guidance document
highlights the difficulties that the Committee faces

when dealing with structural uncertainties. That is,

in situations where the structure of the model was
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perceived to be out-of-line with clinical practice or
excluded a parameter deemed to be of importance
to the question at hand, then the Committee faced
the prospect of making a decision using suboptimal
analyses. Again, the value of deterministic
sensitivity analyses in these circumstances is

highlighted.

Although accepting the Assessment Group’s
approach to modelling the decision problem,
the Committee recognised that the ranges of
PTH [parathyroid hormone] levels that defined
health states in the model were arbitrary and
were not intended to define the goals of a
treatment strategy. The Committee therefore
considered that the use of these ranges by the
manufacturer in defining treatment strategies
did not reflect clinically appropriate treatment
goals and was not consistent with the does-
titration regimen described in the SPC [study
protocol]. (TA117)

Benefits to carers

The Committee decided that it was
reasonable to add to the modelling of the
augmented base case a utility benefit of 0.01
for carers. It noted that the new estimates of
cost effectiveness would then be in the range of
36,000 to 50,000 per QALY gained. (TA111*)

Behavioural symptoms in Alzheimer’s disease

On balance, the Committee decided that
it would be appropriate to include an effect
of AChE inhibitors on behavioural symptoms
associated with dementia. A one-way sensitivity
analysis on the augmented base case plus
the element for carer benefits was associated
with cost-effectiveness estimates ranging from

31,000 to 43,000 per QALY gained. (TA111%)

Conclusions

Caution is required when interpreting these
findings. The method employed assumes that the
text of the guidance document (i.e. the arguments
and information used to justify decisions)
accurately reflects the thinking of the Committee
on the day of the decision (i.e. the information that
actually informed the decision). It would be wrong
to think that the guidance documents provide

a direct window into the factors which actually

led to a particular decision. The documents are
drafted by the NICE secretariat who, although
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present during all discussions, has the unenviable
task of capturing the essence of the discussion

and determining what the key ‘considerations of
the evidence’ were. Further, even if the document
accurately captures the issues discussed by the
Committee, it is a further leap to assume that the
document gives insight into the value placed on
different components of the analysis (e.g. sensitivity
analysis).

This review of the policy documents indicates that
uncertainty appears to be considered explicitly
in the process of arriving at a decision, and

the focus tends to be on parameter uncertainty
predominantly. The cited ranges in the policy
documents and the most value in supporting
decision-making appear to have come from

the deterministic analyses rather than from the
probabilistic approaches. This may in part reflect
an issue of poor understanding of PSA (explored
further in Chapter 5) or may reveal the value of
deterministic approaches, especially in the search
for subgroups. The apparent association between
high levels of uncertainty and negative decisions
will be explored further in Chapters 5 and 6.
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Chapter 5

The views of policy-makers on sensitivity
analysis: data from interviews with members
of the NICE Technology Appraisal Committee

Introduction

The next stage of the project was to explore the
views of those charged with making use of CEAs
(including the sensitivity analysis components)

in order to formulate technology coverage policy
at NICE, namely the members of the NICE
Technology Appraisal Committee. In particular,
we wished to assess their views on how uncertainty
was handled in the assessment reports, the value
they place on the sensitivity analysis components
of the economic analyses conducted for NICE, and
any particular issues they might have with the PSA
components.

Methods

The original plan was to conduct a small number
of new interviews with members of the Committee.
This path was not followed for two reasons. First,
there were practical constraints around ethical
approvals, coupled with time pressures for this
small project. Second, interviews with members

of the Committee had recently (2003/4) been
undertaken by a Birmingham-based research team
exploring the use of CEA in decision-making by
NICE.! In a desire to maximise the value from
existing data and not wanting unnecessarily to
burden Committee members further, we made a
decision to interrogate the existing qualitative data
rather than conduct a further round of interviews.

The NICE interview data have been written up and
published elsewhere,'”* and so only brief details

of the data collection methods are given here.
Research ethics committee approval was obtained
from the West Midlands Multi-Centre Research
Ethics Committee. Interviews were conducted

with a sample of 28 NICE Technology Appraisal
Committee members, focusing on the use of
economic analyses in the appraisal determination.
Table 19 gives a breakdown of the interview sample,
indicating that broad coverage of the different
groupings represented on the Committee was
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achieved. Interviewees were required to provide
written consent to involvement in the research, and
all interviews were tape recorded. With a single
exception, all of those approached for interview
consented. A pre-established semi-structured
interview schedule was used (see Appendix 6).

In the original research, the primary research
questions concerning the use of CEA formed an
initial structure for categorising data, and then
new themes and subthemes were identified as

data were collected and analysed. Analysis of all
data was performed by two researchers operating
independently who compared their findings and
discussed any differences in the themes each had
identified. The research team conducted ‘open
coding’, whereby the vast majority of research data
were placed into categories. These coded data were
then taken for use in the current work on sensitivity
analysis. Through a process of review of codes and
of all raw data, comments and views relating to
uncertainty in the CEAs, and to sensitivity analysis
in particular, were identified and further classified.

Results

Relevant quotes were identified in 11 interview
transcripts. Interviewees categorised as
‘methodologist’, including health economists,
contributed the majority of the data (6 of the 11
interviewees) (see Table 19). In the remainder of
the transcripts (n = 17), there was no discussion of
uncertainty relating to the cost-effectiveness work
in general or to sensitivity analysis in particular.

The themes identified from the transcripts in which
uncertainty was discussed are listed below:

e support for deterministic sensitivity analysis

e support for PSA

* concerns about partial coverage of uncertainty

e challenges relating to the interpretation of
sensitivity analysis.
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This section of the chapter is structured by theme,
which is introduced by explanatory text and then
quotes from the interviews are given as evidence.
The number in square brackets at the end of each
quote is the number of the interviewee, given in
order to indicate quotes from the same person.

Support for deterministic
sensitivity analysis

The interviewees spoke repeatedly of the value of
univariate and multivariate deterministic sensitivity
analysis in highlighting which issues or model
parameters are critical to driving a decision, and
which can largely be ignored. They point to the
process by which deterministic sensitivity analysis
helps in focusing the discussion and questioning
of experts at the Committee meetings and helps in
the process of reaching a coverage decision.

I think sometimes when we have settled on an
economic model it’s sort of believed as if it’s
gospel. And clearly you could change one or
two assumptions a small amount, and the whole
thing changes. Now normally the assessment
team has done some of that sensitivity analysis
to illustrate it for us. But I think perhaps a bit
more clear presentation of that kind of thing
would be useful. Yeah, perhaps a bit more
simple and clear presentation of the sensitivity
analysis and of the things that, with small
changes, might make major differences to the
model. And it helps you look at targeting and
other things then if you realise that ... . [1]

I think we were all happy with the modelling
and it gave a nice cost-effectiveness figure —
about ten thousand. ... and as the report said
that was very robust to changing assumptions
in the sensitivity analysis, it was very robust. ...
And in this particular case they did a sensitivity
analysis showing that whether you assume that
there was about a 0.75 quality of life or whether
it was down to about 0.33 didn’t actually make
that much difference as to whether it was cost-
effective at that threshold level so we're talking
about quite large differences in the quality if
life figure not actually changing our view on
whether it’s cost-effective. [2]

The most useful thing about the economic
analysis is it focuses the discussion on what
actually matters. ... What is it that can actually
switch a decision on this? And do we believe
that there are plausible scenarios that could be
run which might switch us? If there are maybe

we should go off and ask them to be done. And
I think sometimes ... those things only become
clear in the committee. Things become clear
during the scoping and the TAR teams ...
provide us with a series of sensitivity analyses
and they look at industry submission and so
we do get quite a lot. But sometimes its only

in the process of that argument and discussion
with the experts and seeing all the other
submissions that it becomes clear that really
this all swings on maybe one or two issues. [3]

Support for probabilistic
sensitivity analysis

Strong support was also expressed for PSA by
several members of the Committee. The principal
argument put forward is that it provides an
indication of the parameter uncertainty around
the ICER value, and so the Committee is not then
making decisions on the basis of point estimate
cost-effectiveness values. One of the interviewees
quoted below indicates explicitly that the level of
uncertainty, and hence the width of the confidence
interval around an ICER, should matter when
making technology coverage decisions. Thus, a
higher mean ICER with narrow confidence limit
might be more attractive than a lower mean ICER
with a very wide confidence interval. Thus, for
some members of the Committee, probabilistic
analyses were seen as key to informing such
decisions.

I think the difficulty with this was partly the
problem around uncertainty and the extent
of the uncertainty around the estimates. I
didn’t think they’d really demonstrated that
really well. You know, confidence intervals are
obviously problematic anyway, but they didn’t
really do any kind of proper probabilistic
analysis. [4]

I think it’s very good to have probabilistic
sensitivity analysis to include uncertainty
around your parameter estimates at the
distribution, rather than just take ... point
estimates ... and then do sensitivity analysis
around that. I think that’s nice. It’s not always
done but I think it is helpful ... I think having
that in there is great — to have some confidence
intervals around those final cost per QALY
figures. So that’s important. [2]

... if you’re going for a cost per QALY of say,
for example say £30k, if you get one that comes
in ... with a cost per QALY of £28k but what
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they’re actually saying is, given the uncertainty
this could be anything from perhaps even £12k
to £60k. And if you put that through, you're
accepting that there may be a very high cost
per QALY. Something else comes in at £31k
per QALY but actually because the evidence is
very good you know it really is between 28 and
33, that might be less risk. And that is an issue,
that if you’ve got a slightly expensive thing with
very tight limits, you might be willing to accept
it because you're not taking a big risk. [1]

We usually come up with some cost per QALY
... with sensitivity analysis. What I'm saying is
quite often it won’t be stochastic, won’t have a
CEAC [cost-effectiveness acceptability curve],
and these are natural consequences of capacity
in the TAR industry at the moment. But NICE
should be actually saying “T'his is what we want
as our output, our model and we’re going to
fund it properly’. [5]

Concerns about partial
coverage of uncertainty

Some concerns were raised about the extent to
which the probabilistic analyses captured the full
level of uncertainty in the model. The selection

of some parameters around which to place
distributions for the PSA, with others not being
included, is highlighted in a quote below. The
implication is that the PSA, when conducted in
such a partial manner, might under-report the true
level of uncertainty around the cost-effectiveness
result.

I don’t always necessarily believe the
confidence intervals that come up from the
modelling are actually... I think sometimes
there’re too narrow because they don’t take in
to account all the uncertainties that we have
and so the confidence can be so wide that really
I would prefer not to make any decisions at

all. So I think the health economist don’t take
enough ... cognisance of uncertainty. [6]

I probably would have had a quibble with

the model that probably there wasn’t enough
uncertainty and there were certain bits of it
where I think they took a rather narrow range
of figures, certainly for some of the costs. I
don’t think there was enough uncertainty in
there, for example when we discussed this
issue, if you have a lot more people needing
infusion and it takes six hours, almost a whole
day for the first infusion you might have to
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build a few more facilities to do that so there
is a bit of uncertainty in there which wasn’t
reflected ... . [2]

Challenges in the interpretation
of sensitivity analyses

The interviewees raised issues around the fact that
the communication of the results from sensitivity
analyses were less than optimal. This applied to
traditional deterministic sensitivity analysis, but
more particularly to PSA. There is a message

for a more detailed and clearer explanation

of the analyses to ensure that the significant
implications are well understood by all members
of the Committee. In relation to the PSA, there
was an honest reflection by Committee members
on the need for more people on the Committee to
understand the PSA analyses and results, including
those with a health economics background. Further,
there seems to be confusion around how to use the
cost-effectiveness acceptability curve in arriving at
a coverage decision, with the suggestion made that
consideration needs to be given to what represents
an agreed threshold or cut-off probability value.
Further, the suggestion is made again that

there might be value in reporting the PSA as a
conventional confidence interval around the ICER
where that is possible. However, when the scatter
of cost-effectiveness points spans several quadrants
on the cost-effectiveness plane then the confidence
interval estimation is more problematic. To our
knowledge, the best attempt to define confidence
intervals outside the north-east quadrant has been
by Cook and Heyse,” but even this does not give
satisfactory answers when the distribution covers all
four quadrants of the cost-effectiveness plane.

... the sensitivity analysis that they did is all in
the bag, but I think the significance of it wasn’t
really brought out in the document. [4]

I mean they do the sensitivity models but it’s
very difficult to get your head around that, I
think, as a non-health economist. [7]

The other area which ... has come up in

the past — and people do struggle with —is
uncertainty. And I don’t think anybody

quite knows how to handle cost-effectiveness
acceptability curves at the moment. For

some people it’s a technical problem of
understanding what they are. For those who
understand what they are, they still don’t
understand what they should do with it. You
know, most people understand 95% confidence
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The views of policy-makers on sensitivity analysis

TABLE 19 Composition of interview sample from the NICE Technology Appraisal Committee

Area of expertise

Medical (e.g. GP, physician, surgeon)

Otbher clinical (e.g. nurse, pharmacist)
Methodologists (e.g. health economist, statistician)
Managers

Patient ‘advocate’

Manufacturer ‘representative’

intervals, or I think they do. But I think

very few people are quite sure what to do
with CEACs [cost-effectiveness acceptability
curves], particularly when you have several
interventions. It starts getting very complicated
... and there’s no agreed threshold or cut-off
for anything. And so, often they’re presented
but nobody is really much the wiser. ... And

I don’t think we [health economists] have
answered their questions very well so far. I
think we've fudged it a bit to be honest. [4]

I'm not sure it [graphical representation of
the CEAC] adds... I mean if you just simply
give the confidence interval that you pick out
from that cost-effectiveness acceptability curve,
that probably would do. I'm not sure about
those curves. People didn’t really pick up on

it. ... I prefer, just as a personal preference

I think the cost-effectiveness plane is more
helpful... Different people have different
levels of understanding and I'm sure there

are people on the committee who wouldn’t
really understand the details of what that
means although I think they would understand
that ‘Look if you take the 5th percentile and
the 95th percentile then you have a nice
confidence interval” type of thing. That’s all
that we really get out of that. [2]

Discussion

The main messages coming through from the
interview data are:

* There is considerable value attached to
conventional univariate and multivariate
deterministic sensitivity analysis. Such analyses
serve to highlight which model parameters
are critical to driving a decision, and which

Number of interviewees
providing material

Number of Committee
members interviewed

13 3
3 0
6 6
2 I
3 I
I 0

can largely be ignored. This supports the
Committee in giving focus to the process of
questioning the experts and challenging the
data.

* Among those who commented on PSA, there
is strong support for this approach principally
because it provides an indication of the
parameter uncertainty around the ICER value.

e In general, those Committee members who
mentioned the issue expressed the view
that the level of uncertainty should be a
consideration when making a technology
coverage decision. When uncertainty is greater,
the decision would tend towards a negative.

* A concern expressed about PSA was that it
can under-report the true level of uncertainty
through the selection of a subset of parameters
for inclusion in the analysis.

* The communication of sensitivity analysis
results is less than optimal. A more detailed
and clearer explanation of the sensitivity
analysis is required to ensure that the
significant implications are well understood
by all Committee members. In particular,
the PSA appears not to be well understood
by Committee members and, even for those
who have insight into the method, there
is confusion around how to use the cost-
effectiveness acceptability curve in arriving at a
coverage decision.

The data drawn on in this chapter come from

an earlier research project — new interviews with
members of the NICE Technology Appraisal
Committee have not been undertaken. A drawback
of this approach is that the interviews asked rather
general questions about CEA and did not focus
specifically on uncertainty and sensitivity analyses.
Further, the interviews were conducted in 2003/4
and so reflect views on technology appraisal
methods being used at that time. For the majority
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of the interviews, the data were collected before
the launch of the April 2004 NICE Guide to the
methods of technology appraisal,>** which made the
use of PSA mandatory. It is, of course, possible that
the more widespread use of PSA after 2004 has

led to a different appreciation of its weaknesses
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and strengths for decision-making. However, the
limited resource available to the current project
meant that only a very small number of new
interviews would be possible, and so the gains in
terms of volume and quality of data were thought
to outweigh the negatives.
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Chapter 6

Discussion and conclusions

Introduction

As indicated at the outset of the report, we believe
that an appropriate characterisation of uncertainty
is an essential component in an economic analysis
of a health-care technology. Thus, the intention
behind the work reported here is to provide
recommendations on how sensitivity analyses and
work relating to exploring uncertainty in CEAs can
be strengthened.

Thus, the research addressed the following
questions:

* How do we define good practice in sensitivity
analysis in general and PSA in particular?

* To what extent has good practice been adhered
to in economic evaluations undertaken by
independent academic teams for NICE over
recent years?

*  What policy impact does sensitivity analysis
have in the context of NICE?

*  What views do policy-makers have on sensitivity
analysis and uncertainty, and what use is
made of sensitivity analysis in policy decision-
making?

This chapter will initially review the main
findings from each component of the project, and
comment on the strengths and weaknesses of our
work. The chapter will then draw together the
principal recommendations both for the practice
of sensitivity analysis and further methodological
research.

Main findings

The review work (see Chapter 2) has provided
considerable support for traditional deterministic
sensitivity analysis, indicating an important role
as a natural starting point for the investigation of
uncertainty in cost-effectiveness work. This form
of analysis provides a route through which some
of the key drivers of the cost-effectiveness results
can best be revealed. However, there are important
concerns raised in relation to simple approaches
to exploring uncertainty, such as: selection bias in
the choice of parameters; difficulties in relation
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to their interpretation, as there are no guidelines
on what represents a robust result in terms of level
of variability; and the failure to easily capture
interactions and correlations between parameters.
Threshold analysis is seen to be particularly useful
in the situation in which the value of a particular
parameter is unknown or indeterminate, such as
drug price.

Much of the literature is also supportive of the

use of PSA to capture parameter uncertainty in
cost-effectiveness work. Further, where correlation
between parameters has been correctly specified in
the model, the PSA provides the correct estimates
of mean costs and effects even in the situation

of non-linear models. The concerns expressed
about PSA relate partly to practice, namely the
suggestions that an assumption of independence
between parameters is commonly made and that
choice of parameter distribution can sometimes be
inappropriate.®

Through the examination of the TARs relating
to 15 NICE technology appraisals (see Chapter
3), it is evident that extensive sensitivity analyses
are being conducted. All 15 reports included
deterministic sensitivity analysis, and 13 reports
also included PSA. However, practice in relation
to this aspect of the analyses was variable. For
example, in the work on deterministic sensitivity
analysis the basis for selecting the ranges used

in univariate analyses was commonly unclear.
Multivariate sensitivity analysis was found in only
three reports and, in all cases, this included a very
limited range of combinations of parameters and
the basis for selection was not clearly reported.

In relation to PSA, a wide range of distributional
functions have been used for the same parameter
category. In many cases the choice has probably
not materially affected the results, but this
would be interesting and important to explore.
Encouragingly, for all parameter categories,

the source of information for specifying the
distribution was published values in the majority
of cases. However, only one report explicitly
considered the issue of parameter correlation as
part of the PSA.
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An alternative to making assumptions about
distributions around parameters is to employ a
resampling technique such as bootstrapping. In
settings in which data are available, such methods
do represent a real alternative, but the context

of the work explored here (i.e. systematic reviews
and decision analytic models for NICE) is not one
where original data to inform model parameters
are typically available. Thus, in work for NICE, the
option of using resampling techniques does not
generally exist, as evidenced by the fact that none
of the reports reviewed in Chapter 3 used such
methods.

Issues around structural uncertainty have not been
explored to any great extent in the context of the
work for NICE. Given the time constraints on such
work and the policy rather than methodological
focus, this is not surprising. Similarly, uncertainties
relating to methodological issues have also been
largely ignored, aside from time horizon, discount
rates and perspective. The proscriptive nature

of the NICE methods guidance again makes it
unsurprising that such uncertainties tend not be
the concern of analysts commissioned by NICE.

The review of guidance documents (see Chapter
4) has revealed that uncertainty is a factor
considered by the Institute and the Technology
Appraisal Committee in arriving at coverage
decisions. The main uncertainties documented

in the guidance report concern data inputs on
effectiveness, utilities, etc. It is evident that the
results of deterministic sensitivity analyses are
valued, and where ranges of results were given in
the ‘Consideration of the evidence’ section, these
were always from deterministic analyses. The main
use of such sensitivity analyses appears to be in
the search for subgroups of patients for whom the
intervention in question might prove most cost-
effective. In two of the appraisals, uncertainty was
raised explicitly as a factor having direct influence
on the Committee’s deliberations around the
coverage decision itself. Specifically, uncertainties
around the cost-effectiveness results were cited as
one of the factors leading the Committee to make
a decision not to recommend the technology in
question. The question of how uncertainty should
play out in relation to the technology coverage
decision is important and unresolved. The data
reported here suggest that uncertainty is seen as a
reason for caution and thus tends to be associated
with a negative decision.

The interview data reported in Chapter 5 reveal
that a minority of interviewees raised issues

around uncertainty or sensitivity analysis. Possible
interpretations of this are that such issues are not
of concern because they are being capably handled
in assessment reports or that the importance of
uncertainty issues is not appreciated by those
making decisions. Those who did share views

on uncertainty issues indicated support for
deterministic sensitivity analysis from the users
of the analyses, i.e. decision-makers at NICE.
Similarly, a strong endorsement for PSA was also
revealed, although the practice of PSA and the
partial coverage of parameters was a concern
raised by some interviewees. Finally, it is clear
that the challenge of effectively communicating
results of sensitivity analyses, especially for more
sophisticated analyses such as PSA, has not

been overcome, and some interviewees honestly
admitted to a lack of understanding of the
analyses being presented. However, related to this
is the lack of clarity concerning the appropriate
interpretation of PSA outputs, such as cost-
effectiveness acceptability curves, in the context
of making a coverage decision. Clear guidance
on interpretation of outputs from PSAs would be
welcomed.

Strengths and weaknesses
of the work

Strengths
e Comprehensive and systematic literature
review.

e In-depth review of 15 TARs prepared for
NICE as part of the technology appraisal
programme.

e Detailed review of the guidance documents
in order to explore the policy impact of the
sensitivity analysis in each of the 15 cases
studied.

* Interview data analysed from 28 members of
the NICE Technology Appraisal Committee to
explore how economic evaluations are viewed,
their strengths and weaknesses, and any
opinions on the issue of uncertainty and the
sensitivity analysis methods.

Weaknesses

e Principally based upon literature identified
through formal searches, therefore textbooks
have not been included.

*  Focus was on cost-effectiveness work
undertaken by the independent academic
teams for NICE, and so the cost-effectiveness
work being undertaken for industry, as part of
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the single technology assessment process, has
not been reviewed.

*  The review of the TARs focused exclusively
on the documentary evidence — access to the
models or analyses was not requested as part of
this work.

* The policy impact assessment is based only on
documentary evidence again — observation of
Committee discussions and deliberations and/
or interviews with committee members around
the specific topics might have revealed further
insights on this issue.

* The interviews were not undertaken as part
of this project but relate to earlier work by
one of the authors (SB). Thus, the focus of
the interviews was not uncertainty, and the
interviews were conducted in 2003/04. For
the majority of the interviews, the data were
collected before the launch of the April 2004
NICE Methods Guidance, which made the use
of PSA mandatory. It is, of course, possible that
the more widespread use of PSA after 2004 has
led to a different appreciation of its weaknesses
and strengths in decision-making.

* The focus of this work has been NICE
technology appraisal. This is narrow, and
so caution must be taken in attempting to
extrapolate to other decision-makers in the
health-care sector in the UK or elsewhere. It
is acknowledged that other decision-makers
need to understand uncertainties in economic
analyses, but this small project had to restrict
its scope for pragmatic reasons.

Recommendations for the
practice of probabilistic
sensitivity analysis and

for policy-making

In seeking to address parameter uncertainty, both
deterministic sensitivity analysis and PSA should
be used. Traditional univariate and multivariate
analysis can play an important role as a starting
point in understanding the cost-effectiveness
model and the main aspects of uncertainty. This
form of analysis provides a route through which
some of the key drivers of the cost-effectiveness
results can best be revealed. For methodological
and structural uncertainties, repeated analyses
should be run using different models where
uncertainties regarding model structure exist or
different methods where there are uncertainties
regarding methods.
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In terms of the process of conducting and
implementing sensitivity analyses, good practice
would involve the following components. For
deterministic sensitivity analyses, a clear and full
justification for choice of included variables should
be given, along with a clear explanation of the
information source used to specify the ranges.
When the sensitivity analysis involves an analysis
of extremes, the analysts should justify the extreme
values chosen and provide a clear presentation

of the analysis in order to allow the reader to
assess the analysis relative to their own context.
The use of threshold analysis is to be supported,
especially when the value of a particular parameter
is indeterminate, but there is a need to provide a
clear rationale for, and definition of, the threshold
applied.

In relation to PSA, partial coverage of parameters
is commonly seen, but this is poor practice.
Distributions should be placed around all
important model parameters and any excluded
parameters must be justified. The distributional
assumption for each variable should be justified
and should relate to the nature of the variable.
The distribution should be consistent with any
logical bounds on parameter values given itsnature
(e.g. utility scores with upper bound of 1). There
might be value in clearer methodology guidelines
on which distributions are appropriate for which
parameters. When correlation between variables
is expected, joint distributions should be used
and independence should not be assumed. These
recommendations are consistent with, and build
upon, those reported in Philips et al."*

In relation to the use of sensitivity analyses in
policy-making, there may be benefits from an
explicit recognition of the role of such analyses

in supporting the search for subgroups where the
cost and effect results are more or less favourable.
Given that such analyses are used in this way by
the Committee, tasking the analysts to prepare
sensitivity analyses to answer this question is
appropriate. The identification of structural
concerns with the model at the point of the
NICE Technology Appraisal Committee meeting
is clearly problematic. The recognition that
sensitivity analysis can provide critical information
in the situation of structural uncertainties should
encourage earlier identification of such structural
issues, thus facilitating the development of
appropriate sensitivity analysis by the analysts.
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This issue of the possible association between level
of uncertainty and the likelihood of a negative
decision requires some further discussion. The data
reported in Chapters 4 and 5 suggest that when the
level of uncertainty was high then the Committee
was likely to tend towards a negative decision.
Assuming a threshold at some value (e.g. £20,000
per QALY), the theoretical argument is that if the
mean-based estimate of the ICER is above the
threshold, the answer to the question ‘Should the
technology be used in routine practice?’” should
always be ‘no’. If the Committee says ‘yes’” with such
an ICER, they are in effect saying that there are
other considerations that merit the use of a higher
threshold in that case. If there is a substantial
probability that further research might bring

the ICER below the threshold, then it would be
appropriate to recommend that such research be
carried out.

If the mean-based ICER is below the threshold,
the ‘irrelevance of inference’ argument is that

the decision should always be ‘yes’ regardless of
uncertainty.”® This would be agreed by most if the
ICER is robustly below the threshold. However,

if there is a serious probability that the ICER is
above the threshold, the basis for the ‘irrelevance
of inference’ argument is questionable. If there is
no possibility of resolving the relevant uncertainty,
or the value of information is below the cost of
appropriate future research, then there is sufficient
evidence to give an outright ‘yes’. However, if there
is potential for future research to be efficient, then
there is a strong case for saying ‘no’ in routine
practice (an ‘only in research’ recommendation)
on two grounds. First, that it is difficult to

change a ‘yes’ into a ‘no’ should the inclusion of
future research move the mean-based estimate

of the ICER to a value just above the threshold,
particularly if the change in the mean-based ICER
is within the range of random error. Second,
making the technology available in routine practice
may itself preclude recruitment to future trials.

Finally, the difficulties surrounding effective
communication between analysts and policy-makers
cannot be ignored. It is evident that some cost-
effectiveness work, especially around the sensitivity
analysis components, represents a challenge to
become accessible to those making decisions. There
has been recent debate on the issue of presentation,
with some®” arguing in favour of scatter diagrams
and intervals around incremental net benefits, and
others™ arguing for cost-effectiveness acceptability
curves and frontiers, especially in the case of more
than two treatment options. While we acknowledge

the limitations of scatter diagrams in some cases,
we do believe they can facilitate understanding of
the results of probabilistic analyses and the extent
of uncertainty for decision-makers. The use of
grey-scaling to illustrate density of the scatter is

a device that can avoid some misinterpretation.
In conclusion, this debate speaks, in part, to the
training agenda for those sitting on such decision-
making bodies, and to the importance of clear
and understandable presentation of analyses by
the academic community. The issue of how to
appropriately interpret PSA outputs, such as cost-
effectiveness acceptability curves, in the context
of making a coverage decision, must also be
addressed. Guidance on interpretation of outputs
from PSAs would be welcomed.

Recommendations for
further research

This section gives an indication of the future
research agenda in the area of uncertainty,
sensitivity analysis and CEA in health care.

Research questions relating to best practice in the
conduct of sensitivity analysis:

*  What are appropriate ranges for parameter
values in univariate and multivariate sensitivity
analyses?

e Deterministic sensitivity analyses are often
characterised by the use of ‘loose’ language
such as ‘results are robust to the variation
explored’. Linked to the first point, more work
is required to define what is meant by such
terms so that policy-makers interpret them
correctly.

e In PSA, how does choice of distribution affect
the results of CEAs?

*  How should correlation between parameters
best be considered in sensitivity analyses? How
should this be made when data are lacking?

Research questions relating to best practice in the
use of sensitivity analysis in policy decision-making:

e How does the level of uncertainty
independently affect technology coverage
decisions?

e Isit appropriate for decision-makers to
trade level of uncertainty against level of
cost-effectiveness? That is, to say ‘yes’ for
technologies with relatively high ICERs, but
low levels of uncertainty, and ‘no’ in the case of
low ICERs but high levels of uncertainty?
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Appendix |

Search terms

MEDLINE (searched on

I | February 2008)

Search |

1. ‘economic evaluation’” OR economic analys*
OR ‘cost effectiveness’ OR ‘cost-effectiveness’
OR ‘cost-utility” OR ‘cost utility” OR
pharmacoeconom* OR ‘health technology
appraisal’

2. model* OR economic model* OR modelling
OR markov model* OR ‘stochastic model* OR
‘probabilistic model* OR ‘decision model*’
OR ‘decision tree*” OR patient level simulation
model* OR cohort model* OR (decision AND
model)

3. ‘analys* of uncertainty” OR (analys*
AND uncertainty) OR ((methodolog* OR
sampling OR parameter® OR variability OR
generali*ability OR decision) AND uncertainty)
OR ((one-way OR two-way* OR univariate OR
multivariate) AND sensitivity AND analys™)
OR ((threshold OR extreme* OR scenari* OR
simple) AND sensitivity AND analysis) OR
‘probabilistic sensitivity analysis’

4. 1.AND 2. AND 3.

This search retrieved 876 papers.

Search 2

1. economic evaluation®* OR economic analys*
OR economic appraisal* OR health economic*
OR cost effectiveness OR cost effectiveness
analys* OR cost utility OR cost-utility OR
cost-utility analys* OR cost analys* OR
pharmacoeconom* OR health technology
assessment OR pharmacoeconomic* AND
submission OR health technology appraisal

2. analysis AND uncertainty OR ((methodological
OR sampling OR parameter® OR variability
OR generali*ability OR extrapolation OR
decision OR analytical methods) AND
uncertainty) OR ((one-way OR two-ways OR
univariate OR multivariate OR multi-way OR
simple) AND sensitivity AND analys*) OR
threshold analys* OR analysis of extremes OR
probabilistic sensitivity analysis OR monte carlo
simulation*®

3. checklist* OR check-list OR checkpoint*
OR standard OR standardi*ation OR rule*
OR criteria OR guidance OR guideline* OR

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

problem™® OR limitation OR principles OR

methodolog* OR valid* OR good OR bad

OR correct OR critically OR practically OR

appraisal* OR evaluation®* OR assessment*
4. 1.AND 2. AND 3.

This search retrieved 1401 papers.

Search 3
The search identified papers related to Briggs et
al.," which was identified in MEDLINE.

This search retrieved 126 papers.

Search 4
The search identified papers related to Briggs and
Gray.®

This search retrieved 142 papers.

Search 5
The search identified papers related to Philips e/
al.™*

This search retrieved 442 papers.

In total, after removing duplicates across searches,
MEDLINE gave 1919 papers.

NHS Economic Evaluation
Database (searched on
12 February 2008)

Search |

1. methodology:ty
‘economic model’ OR ‘econometric model*’
OR ‘modelling’ OR ‘markov model*” OR
‘stochastic model* OR ‘probabilistic model*’
OR ‘decision model’ OR ‘decision-analytic
model* OR ‘decision tree*” OR ‘patient-level
simulation® OR ‘cohort model*’
3. (methodolog™ OR structur® OR paramet* OR
variabilit* OR heterogeneit*) AND uncertaint*
4. (one-way OR two-ways OR univariate OR
multivariate OR multi-way* OR simple OR
deterministic OR scenari* OR threshold* OR
extreme*) AND sensitivity AND analys*
‘probabilistic sensitivity analys*” OR ‘Monte
Carlo’

(24

47
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Appendix |

6. #3 OR #4 OR #5
7. #1 AND #2 AND #6

This search retrieved 11 papers.

Search 2

1. methodology:ty

2. uncertainty

3. sensitivity AND analys*

4. one-way OR multi-way OR univariate OR
multivariate OR simple OR probabilistic

5. (one-way OR multi-way OR univariate OR
multivariate OR simple OR probabilistic) AND
sensitivity

6. model* OR decision AND analytic AND
model* OR markov AND model* OR decision
AND tree* OR cohort AND model OR
individual AND sampling AND model OR
Monte AND Carlo AND simulat*

7. guideline* OR guidance OR checklist* OR
standard* OR criteria OR good OR bad OR
recommendations OR best OR audit OR
principle* OR methodology*

8. 2.0OR3.0ORA4.

9. 1.AND 8. AND 6. AND 7.

This search retrieved 68 papers.

Search 3

economic AND model*
modelling

decision AND analytic AND model*
decision AND tree

markov

sensitivity AND analys*

analysis AND of AND uncertainty
uncertainty

Monte AND carlo

10. methodology:ty

11. 1. OR 2. OR 3. OR 4. OR 5.

12. 6. OR 7. OR 8. OR 9.

13. 11. AND 12.

14. 13. AND 10.

© PO O 00N =

This study retrieved 69 papers.

In total, after removing duplicates across searches,
NHS EED gave 89 papers.

EMBASE (1980-2008, week 11)
(searched on 24 February 2008)

Search |

1. health economics/or economic evaluation/or
‘cost benefit analysis’/or ‘cost control’/or ‘cost
effectiveness analysis’/or ‘cost minimization
analysis’/or ‘cost of illness’/or ‘cost utility
analysis’/

2. (markov model* or economic model or
econometric model* or stochastic model* or
statistical model* or mathematical model* or
modelling or pharmacoeconomic* model or
decision model* or decision-analytic model*
or decision analytic model* or decision tree or
individual sampling model* or patient-level
simulation model* or monte carlo simulation).
mp. [mp=title, abstract, subject headings,
heading word, drug trade name, original title,
device manufacturer, drug manufacturer name]

3. (checklist* or rules or criteri* or guidance
or guideline* or principle* or limitation*
or principles or critical appraisal* or good
practice).mp. [mp=title, abstract, subject
headings, heading word, drug trade name,
original title, device manufacturer, drug
manufacturer name]

4. (sensitivity analysis or analys* of uncertainty
or methodological uncertainty or sampling
uncertainty or parameter® uncertainty
or structural uncertainty or variability or
generali*ability or deterministic sensitivity
analysis or stochastic sensitivity analsyis or
univariate analysis or multivariate analysis
or scenario analysis or threshold analysis or
probabilistic sensitivity analysis).mp. [mp=title,
abstract, subject headings, heading word, drug
trade name, original title, device manufacturer,
drug manufacturer name]

5. 1and 2 and 3 and 4 (189)

In total EMBASE gave 189 papers.
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Appendix 2

Study selection process diagram

MEDLINE NHS EED EMBASE Hand search
n=1919 n=289 n=189 n=>58

Papers after
removing
duplicates
n=1972

Excluded on basis
P of title/abstract
n= 1835
Excluded on basis
P of full text
v n=112

Included
papers
n=25
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Appendix 3

NICE guidance decisions

Technology
appraisal Title NICE guidance decision

TAI1034 Psoriasis — efalizumab I.1 Etanercept, within its licensed indications, administered at a dose not exceeding
and etanercept 25 mg twice weekly, is recommended for the treatment of adults with plaque
psoriasis only when the following criteria are met:

*  The disease is severe as defined by a total Psoriasis Area Severity Index (PASI)
of ten or more and a Dermatology Life Quality Index (DLQI) of more than ten.

*  The psoriasis has failed to respond to standard systemic therapies including
ciclosporin, methotrexate and PUVA (psoralen and long-wave ultraviolet
radiation); or the person is intolerant to, or has a contraindication to, these
treatments.

1.2 Etanercept treatment should be discontinued in patients whose psoriasis
has not responded adequately at |12 weeks and further treatment cycles are not
recommended in these patients. An adequate response is defined as either:

* a75% reduction in the PASI score from when treatment started (PASI 75) or

* 2 50% reduction in the PASI score (PASI 50) and a five-point reduction in DLQI
from when treatment started.

Psoriasis FAD for consultation 23 09 05 (final) Page | of 32 CONFIDENTIAL

1.3 Efalizumab, within its licensed indications, is recommended for the treatment of
adults with plaque psoriasis under the circumstances detailed in Section |.| only if
their psoriasis has failed to respond to etanercept or they are shown to be intolerant
of, or have contraindications to, treatment with etanercept.

1.4 Further treatment with efalizumab is not recommended in patients unless their
psoriasis has responded adequately at |12 weeks as defined in Section 1.2.

1.5 It is recommended that the use of etanercept and efalizumab for psoriasis should
be initiated and supervised only by specialist physicians experienced in the diagnosis
and treatment of psoriasis. If a person has both psoriasis and psoriatic arthritis, their
treatment should be managed by collaboration between a rheumatologist and a
dermatologist.

TAI105* Colorectal cancer — 1.1 Laparoscopic (including laparoscopically assisted) resection is recommended as
laparoscopic surgery an alternative to open resection for individuals with colorectal cancer in whom both
laparoscopic and open surgery are considered suitable.

1.2 Laparoscopic colorectal surgery should be performed only by surgeons who
have completed appropriate training in the technique and who perform this
procedure often enough to maintain competence. The exact criteria to be used
should be determined by the relevant national professional bodies. Cancer networks
and constituent Trusts should ensure that any local laparoscopic colorectal surgical
practice meets these criteria as part of their clinical governance arrangements.

1.3 The decision about which of the procedures (open or laparoscopic) is
undertaken should be made after informed discussion between the patient and the
surgeon. In particular, they should consider:

* the suitability of the lesion for laparoscopic resection
* the risks and benefits of the two procedures

*  the experience of the surgeon in both procedures.

continued
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Appendix 3

Technology
appraisal

TA106*

TAII®

Title

Hepatitis C —
peginterferon alfa

Alzheimer’s

disease — doneperzil,
galantamine,
rivastigmine (review)
and memantine

NICE guidance decision

I.1 Combination therapy, comprising peginterferon alfa-2a and ribavirin or
peginterferon alfa-2b and ribavirin, is recommended, within the licensed indications
of these drugs, for the treatment of mild chronic hepatitis C.

1.2 Monotherapy with peginterferon alfa-2a or peginterferon alfa-2b is
recommended, within the licensed indications of these drugs, for the treatment of
mild chronic hepatitis C for people who are unable to tolerate ribavirin, or for whom
ribavirin is contraindicated.

1.3 The decision on whether a person with mild chronic hepatitis C should be
treated immediately or should wait until the disease has reached a moderate stage
(‘watchful waiting’) should be made by the person after fully informed consultation
with the responsible clinician. The decision to treat need not depend on a liver
biopsy to determine the stage of the disease if treatment is initiated immediately.
However, a biopsy may be recommended by the clinician for other reasons or if a
strategy of watchful waiting is chosen.

1.4 The duration of treatment should vary according to the licensed indications of
the chosen drug, the genotype of the virus, the initial viral load, the response to
treatment, and the treatment regimen chosen.

1.5 Second or subsequent courses of treatment are not recommended for people
who have been treated with a first course of either combination therapy or
monotherapy with peginterferon alfa if they have not had an early response (as
indicated by reduction in viral load at 12 weeks).

1.6 There is insufficient evidence to recommend combination therapy or
monotherapy with peginterferon alfa for people with mild chronic hepatitis C who
are under the age of 18 years, or those who have had a liver transplant.

This guidance relates to the approved licensed indications for the treatments

under consideration — that is, mild to moderately severe Alzheimer’s disease for
donepezil, galantamine and rivastigmine, and moderate to severe Alzheimer’s disease
for memantine.

The benefits of these drugs for patients with other forms of dementia (for example,
vascular dementia or dementia with Lewy bodies) have not been assessed in this
guidance.

I.1 The three acetylcholinesterase inhibitors donepezil, galantamine and rivastigmine
are recommended as options in the management of people with Alzheimer’s disease
of moderate severity only (that is, those with a Mini Mental State Examination
[MMSE] score of between 10 and 20 points), and under the following conditions:

*  Only specialists in the care of people with dementia (that is, psychiatrists
including those specialising in learning disability, neurologists, and physicians
specialising in the care of the elderly) should initiate treatment. Carers’ views on
the patient’s condition at baseline should be sought.

*  Patients who continue on the drug should be reviewed every 6 months by
MMSE score and global, functional and behavioural assessment. Carers’ views
on the patient’s condition at follow-up should be sought. The drug should only
be continued while the patient’'s MMSE score remains at or above 10 points and
their global, functional and behavioural condition remains at a level where the
drug is considered to be having a worthwhile effect. Any review involving MMSE
assessment should be undertaken by an appropriate specialist team, unless
there are locally agreed protocols for shared care.

1.2 When the decision has been made to prescribe an acetylcholinesterase inhibitor,
it is recommended that therapy should be initiated with a drug with the lowest
acquisition cost (taking into account required daily dose and the price per dose once
shared care has started). However, an alternative acetylcholinesterase inhibitor could
be prescribed where it is considered appropriate having regard to adverse event
profile, expectations around concordance, medical comorbidity, possibility of drug
interactions, and dosing profiles.

1.3 Memantine is not recommended as a treatment option for people with
Alzheimer’s disease except as part of well designed clinical studies.

1.4 People with mild Alzheimer’s disease who are currently receiving donepezil,
galantamine or rivastigmine, and people with Alzheimer’s disease currently receiving
memantine, whether as routine therapy or as part of a clinical trial, may be continued
on therapy (including after the conclusion of a clinical trial) until they, their carers
and/or specialist consider it appropriate to stop.
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Technology

appraisal Title

TAI 124 Breast cancer (early) —
hormonal treatment

TAI13% Diabetes — inhaled
insulin

TAI 144 Drug misuse —
methadone and
buprenorphine

TAI 154 Drug misuse —

naltrexone

NICE guidance decision

I.1 The aromatase inhibitors anastrozole, exemestane and letrozole, within their
licensed indications, are recommended as options for the adjuvant treatment of early
oestrogen-receptor-positive invasive breast cancer in postmenopausal women.

1.2 The choice of treatment should be made after discussion between the
responsible clinician and the woman about the risks and benefits of each option.
Factors to consider when making the choice include whether the woman has
received tamoxifen before, the licensed indications and side-effect profiles of the
individual drugs and, in particular, the assessed risk of recurrence.

1.1 Inhaled insulin is not recommended for the routine treatment of people with
type | or type 2 diabetes mellitus.

1.2 Inhaled insulin may be used as a treatment option for people with type | or type
2 diabetes mellitus who show evidence of poor glycaemic control despite other
therapeutic interventions (including, where appropriate, diet, oral hypoglycaemic
agents [OHAs] and subcutaneous insulin) and adequate educational support, and
who are unable to initiate or intensify pre-prandial subcutaneous insulin therapy
because of either:

* amarked and persistent fear of injections that meet DSM-IV criteria for specific
phobia ‘blood injection injury type’ diagnosed by a diabetes specialist or mental
health professional

*  severe and persistent problems with injection sites (for example, as a
consequence of lipohypertrophy) despite support with injection site rotation.

1.3 In patients receiving inhaled insulin under the circumstances set out in section
1.2, treatment should only be continued beyond 6 months, and in the longer term, if
there is evidence of a sustained improvement in glycated haemoglobin (HbAI c) that
is judged to be clinically relevant to the individual patient’s overall risk of developing
long-term complications of diabetes.

1.4 Initiation of inhaled insulin treatment and monitoring of response should be
carried out at a specialist diabetes centre. The responsible clinician should discuss
the risks and benefits of inhaled insulin with the patient so that an informed choice
can be made regarding appropriate options for diabetes management, including
psychological support and therapy for needle phobia if necessary.

1.5 Data on the use of inhaled insulin according to this guidance should be collected
as part of a coordinated prospective observational study. The data collected should
include individual patient outcomes, adverse events and measurements of lung
function.

I.1 Methadone and buprenorphine (oral formulations), using flexible dosing
regimens, are recommended as options for maintenance therapy in the management
of opioid dependence.

1.2 The decision about which drug to use should be made on a case by case basis,
taking into account a number of factors, including the person’s history of opioid
dependence, their commitment to a particular long-term management strategy, and
an estimate of the risks and benefits of each treatment made by the responsible
clinician in consultation with the person. If both drugs are equally suitable,
methadone should be prescribed as the first choice.

1.3 Methadone and buprenorphine should be administered daily, under supervision,
for at least the first 3 months. Supervision should be relaxed only when the patient’s
compliance is assured. Both drugs should be given as part of a programme of
supportive care.

I.1 Naltrexone is recommended as a treatment option in detoxified formerly opioid-
dependent people who are highly motivated to remain in an abstinence programme.

1.2 Naltrexone should only be administered under adequate supervision to people
who have been fully informed of the potential adverse effects of treatment. It should
be given as part of a programme of supportive care.

1.3 The effectiveness of naltrexone in preventing opioid misuse in people being
treated should be reviewed regularly. Discontinuation of naltrexone treatment
should be considered if there is evidence of such misuse.

continued
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Technology

appraisal Title

TAI 174 Hyperparathyroidism
— cinacalcet

TAI118% Colorectal cancer
(metastatic) —
bevacizumab and
cetuximab

TAI120%° Heart failure — cardiac
resynchronisation

TAI2]5 Glioma (newly

diagnosed and high
grade) — carmustine
implants and
temozolomide

54

NICE guidance decision

I.1 Cinacalcet is not recommended for the routine treatment of secondary
hyperparathyroidism in patients with end-stage renal disease on maintenance dialysis
therapy.

1.2 Cinacalcet is recommended for the treatment of refractory secondary
hyperparathyroidism in patients with end-stage renal disease (including those with
calciphylaxis) only in those:

*  who have ‘very uncontrolled’ plasma levels of intact parathyroid hormone
(defined as greater than 85 pmol/litre [800 pg/ml]) that are refractory to
standard therapy, and a normal or high adjusted serum calcium level, and

* in whom surgical parathyroidectomy is contraindicated, in that the risks of
surgery are considered to outweigh the benefits.

1.3 Response to treatment should be monitored regularly and treatment should
be continued only if a reduction in the plasma levels of intact parathyroid hormone
of 30% or more is seen within 4 months of treatment, including dose escalation as
appropriate.

1.1 Bevacizumab in combination with 5-fluorouracil plus folinic acid, with or without
irinotecan, is not recommended for the first-line treatment of metastatic colorectal
cancer.

1.2 Cetuximab in combination with irinotecan is not recommended for the second-
line or subsequent treatment of metastatic colorectal cancer.

1.3 People currently receiving bevacizumab or cetuximab should have the option to
continue therapy until they and their consultants consider it appropriate to stop.

This guidance should be read in conjunction with ‘Implantable cardioverter
defibrillators for arrhythmias’ (NICE technology appraisal guidance 95 — see appendix
C). This guidance on cardiac resynchronisation therapy provides additional treatment
options for some of the groups of people covered in the guidance on implantable
cardioverter defibrillators (ICDs).

1.1 Cardiac resynchronisation therapy with a pacing device (CRT-P) is recommended
as a treatment option for people with heart failure who fulfil all the following criteria:

*  They are currently experiencing or have recently experienced New York Heart
Association (NYHA) class llI-IV symptoms.

*  They are in sinus rhythm:

—  either with a QRS duration of 150 ms or longer estimated by standard
electrocardiogram (ECG)

—  or with a QRS duration of 120—149 ms estimated by ECG and mechanical
dyssynchrony that is confirmed by echocardiography.

*  They have a left ventricular ejection fraction of 35% or less.
*  They are receiving optimal pharmacological therapy.

1.2 Cardiac resynchronisation therapy with a defibrillator device (CRT-D) may be
considered for people who fulfil the criteria for implantation of a CRT-P device in
section |.| and who also separately fulfil the criteria for the use of an ICD device as
recommended in NICE technology appraisal guidance 95.

Temozolomide and carmustine implants have been appraised individually for the
treatment of newly diagnosed high-grade glioma. This guidance does not relate to
the sequential use of these treatments.

I.1 Temozolomide, within its licensed indications, is recommended as an option for
the treatment of newly diagnosed glioblastoma multiforme (GBM) in patients with a
World Health Organization (WHO) performance status of 0 or |.

1.2 Carmustine implants, within their licensed indications, are recommended as an
option for the treatment of newly diagnosed high-grade glioma only for patients in
whom 90% or more of the tumour has been resected.

1.3 Treatment with carmustine implants should be provided only within specialist
centres that in general conform to guidance in ‘Improving outcomes for people with
brain and other central nervous system tumours’ (NICE cancer service guidance
2006), and should be supervised by specialist neurosurgeons who spend at least 50%
of their clinical programmed activities in neuro-oncological surgery. The specialists
should also have access to:
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Technology
appraisal Title
TAI128% Haemorrhoid
— stapled
haemorroidopexy
TAI130% Rheumatoid arthritis

— adalimumab,
etanercept and
infliximab

NICE guidance decision

*  multidisciplinary teams to enable preoperative identification of patients in whom
maximal resection is likely to be achievable

*  magnetic resonance imaging (MRI) to enable preoperative identification of
patients in whom maximal resection is likely to be possible, and

* image-directed technology, such as neuronavigation, for use intraoperatively to
assist the achievement of maximal resection.

1.4 Carmustine implants are not recommended for the treatment of newly
diagnosed high-grade glioma for patients in whom less than 90% of the tumour has
been resected.

This technology appraisal examined the currently available devices for stapled
haemorrhoidopexy. The evidence considered refers to the HCS33 circular stapler
(models PPHOI and PPHO3: Ethicon-Endo-Surgery). At the time of the technology
appraisal, there was no evidence to make recommendations for the Autosuture
stapler with the STRAM kit adaptor.

1.1 Stapled haemorrhoidopexy, using a circular stapler specifically developed for
haemorrhoidopexy, is recommended as an option for people in whom surgical
intervention is considered appropriate for the treatment of prolapsed internal
haemorrhoids.

I.1 The tumour necrosis factor alpha (TNF o) inhibitors adalimumab, etanercept
and infliximab are recommended as options for the treatment of adults who have
both of the following characteristics:

*  Active rheumatoid arthritis as measured by disease activity score (DAS28)
greater than 5.1 confirmed on at least two occasions, | month apart.

*  Have undergone trials of two disease-modifying anti-rheumatic drugs
(DMARRD:s), including methotrexate (unless contraindicated). A trial of a
DMARD is defined as being normally of 6 months, with 2 months at standard
dose, unless significant toxicity has limited the dose or duration of treatment.

1.2 TNF o inhibitors should normally be used in combination with methotrexate.
Where a patient is intolerant of methotrexate or where methotrexate treatment
is considered to be inappropriate, adalimumab and etanercept may be given as
monotherapy.

1.3 Treatment with TNF o inhibitors should be continued only if there is an adequate
response at 6 months following initiation of therapy. An adequate response is defined
as an improvement in DAS28 of 1.2 points or more.

1.4 After initial response, treatment should be monitored no less frequently than
6-monthly intervals with assessment of DAS28. Treatment should be withdrawn if an
adequate response (as defined in 1.3) is not maintained.

1.5 If the patient has an inadequate initial response or experiences loss of response
later during treatment with a TNF o inhibitor, prescription of an alternative TNF o
inhibitor is not recommended.

1.6 An alternative TNF o inhibitor may be considered for patients in whom
treatment is withdrawn due to an adverse event before the initial 6 month
assessment of efficacy, provided the risks and benefits have been fully discussed with
the patient and documented.

1.7 Escalation of dose of the TNF o inhibitors above their licensed starting dose is
not recommended.

1.8 Treatment should normally be initiated with the least expensive drug (taking into
account administration costs, required dose and product price per dose). This may
need to be varied in individual cases due to differences in the mode of administration
and treatment schedules.

1.9 Use of the TNF o inhibitors for the treatment of severe, active and progressive
rheumatoid arthritis in adults not previously treated with methotrexate or other
DMARD:s is not recommended.

1.10 Initiation of TNF ot inhibitors and follow-up of treatment response and adverse
events should be undertaken only by a specialist.

continued
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Appendix 3

Technology
appraisal

TAI132%

Title

Hypercholesterolemia
— ezetimibe

NICE guidance decision

This guidance should be read in conjunction with NICE guidance on the initiation of
statin therapy (NICE technology appraisal guidance 94). NICE has published clinical
guidelines on the management of blood pressure and blood lipids in people with
type 2 diabetes (Inherited clinical guideline H) and secondary prevention for patients
following a myocardial infarction (NICE clinical guideline 48). The following clinical
guidelines are under development: lipid modification; familial hypercholesterolaemia;
type 2 diabetes (update). This guidance should be read in the context of the relevant
clinical guideline, when available.

I.1 Ezetimibe monotherapy is recommended as an option for the treatment of
adults with primary (heterozygous-familial or non-familial) hypercholesterolaemia
who would otherwise be initiated on statin therapy (as per NICE guidance TA 94 in
adults with non-familial hypercholesterolaemia) but who are unable to do so because
of contraindications to initial statin therapy.

1.2 Ezetimibe monotherapy is recommended as an option for the treatment of
adults with primary (heterozygous-familial or non-familial) hypercholesterolaemia
who are intolerant to statin therapy (as defined in section [.6).

1.3 Ezetimibe, co-administered with initial statin therapy, is recommended as an
option for the treatment of adults with primary (heterozygous-familial or non-
familial) hypercholesterolaemia who have been initiated on statin therapy (as per
NICE guidance TA 94 in adults with non-familial hypercholesterolaemia) when:

*  serum total or low-density lipoprotein (LDL) cholesterol concentration is not
appropriately controlled (as defined in section 1.5) either after appropriate
dose titration of initial statin therapy or because dose titration is limited by
intolerance to the initial statin therapy (as defined in section 1.6), and

*  consideration is being given to changing from initial statin therapy to an
alternative statin.

1.4 When the decision has been made to treat with ezetimibe coadministered with a
statin, ezetimibe should be prescribed on the basis of lowest acquisition cost.

1.5 For the purposes of this guidance, appropriate control of cholesterol
concentrations should be based on individualised risk assessment in accordance with
national guidance on the management of cardiovascular disease for the relevant
populations.

1.6 For the purposes of this guidance, intolerance to initial statin therapy should be
defined as the presence of clinically significant adverse effects from statin therapy
that are considered to represent an unacceptable risk to the patient or that may
result in compliance with therapy being compromised. Adverse effects include
evidence of new-onset muscle pain (often associated with levels of muscle enzymes
in the blood indicative of muscle damage), significant gastrointestinal disturbance or
alterations of liver function tests.
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Appendix 4

Data extraction form

Data extraction form

Author(s):
Title:
Publication info:

Reviewer:

I.1 Good practice: appropriate type of sensitivity analysis to address uncertainty

Parameter uncertainty:
Structural uncertainty:
Methodological uncertainty:

Other relevant statements:

1.2 Good practice: appropriate implementation of sensitivity analysis

Deterministic sensitivity analysis
One-way sensitivity analysis:
Multiway sensitivity analysis:
Scenario analysis:

Analysis of extremes:
Threshold analysis:

Probabilistic sensitivity analysis

2. Strengths and weaknesses of sensitivity analysis

Deterministic sensitivity analysis
One-way sensitivity analysis:
Multiway sensitivity analysis:
Scenario analysis:

Analysis of extremes:
Threshold analysis:

Probabilistic sensitivity analysis

Reviewer’s comments:
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Appendix 5

Supplementary tables for Chapter 3

TABLE 20 Basis for selecting ranges in univariate sensitivity analysis (cells indicate technology assessment report numbers)

Basis for selecting
ranges

Estimates from the
literature

Arbitrary percentage
changes

Removal of effect

Additional effect not
included in base case

Variation in clinical
practice

Quantiles of data?
Expert opinion

Alternative methods of
estimation®

Unclear

Parameter
categories

Cost

1054 111,118,
1282

106, 113, 117,
118,4121,5' 128,
1324

(NERY

1054

117,120, 121°
120%°

103,106, I 1,%
112,44 114,% 117,
120,50 121°!

Utility

105, 106, 114,%
118,%128%

117,%120,% 132%

121%

1282

LB 13,5 117,%
120,50 121!

a Including use of upper and lower quartile and extreme values.
b Using different sources or inclusion criteria for data synthesis.

Patient Other
106, | 18%

105, 113,%117,% 106%
120,% 130%

1054

103

120,50 121,5' 132>

1124 1282
132>

103, 105, 111,% | 174

117,%120,% 128

TABLE 21 Distributions used in probabilistic sensitivity analysis (cells indicate technology assessment report numbers)

Distribution

Gamma

Normal

Bivariate normal
Multinormal
Triangular
Lognormal
Expnorminv

Beta

Dirichlet
Uniform
Poisson

Not stated

Parameter categories

Cost

103,106, 111,% 112*
[14,% 115,47 128,52 132%

105, 132
105, 117,118, 120,%° 121°!

1325

Utility
11,8 128%
103,% 325

1324

106,42 112,* 114,% 1154
117,118,120, 121°'

1174

1325
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Patient

1

1054 112,* 114,% 1154
118,%128%

117, 120%°

105,%" 132>
105, 117,% 120%°
1325

105,4 106, 117,%118,%
120,50 121,3" 132%

120%
120%
120%

Other

11
11

120, 1215
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TABLE 22 Source of distribution for parameters (cells indicate technology assessment report numbers)

Source of parameter

distribution

Data

Published values

Assumptions

Unclear

Parameter
categories

Cost

103, 105,*' 106,
111,42 117,%120,%
121,51 128,52 132%

111, 114,% 1154
118,49 121,5" 132%

112,44 132%

Utility
1215

106, 111, 115,%
117,%120,% 128,
132

103, 117,% 118%

112,44 132%

Patient

12,4117, 118,%
120%

105, 106, 111,*
114,% 115,47 117,
120,50 121,%' 128,
132

105, 117, 118,%
120,50 1215 132>

132

Other

[

[11,4120,%0 121°
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Appendix 6

Interview schedule for interviews with NICE
Technology Appraisal Committee members

Venue: Date/time of interview:
Interviewer: Interviewee:
Designation: Organisation:
Technology: First appraisal date:

Interviewee role in appraisal:

A) Decision questions

What considerations led to you reaching the decision?

How important was the economic evidence in your own thinking?

In your opinion, how important was the economic evidence in the committee’s thinking?

B) Economic evaluation questions

What is your interpretation of the results of the economic analysis?

Did you feel the committee reached a satisfactory consensus regarding the economic data?

Would you have liked to see more/less economic evidence?

Did you feel you (the team) understood the economic evidence presented?

Would you have liked further clarification?

What were the strengths of the analysis?

What were the strengths of its presentation?

What were the weaknesses of the analysis?

What were the weaknesses of its presentation?

In what other ways could evaluation of economic data be improved?

C) General questions

How did the appraisal differ from ones you’ve been involved in previously?

Do you feel economic evaluation has become more/less important to the appraisal process?

Are different committee members more or less concerned with health economics data?

How are other considerations (such as equity, patient choice, etc.) weighed against economic evidence/analysis?
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