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EXECUTIVE SUMMARY

Background
This Technical Support Document (TSD) is concerned with methods for identifying and
reviewing evidence to inform models developed to estimate the cost-effectiveness of health
technologies, in particular model parameter estimates, in the NICE Technology Appraisal
Process. The NICE Guide to the Methods of Appraisal states that for parameters relating to
treatment effects a full systematic review is required, and that the process of assembling
evidence for all parameters needs to be systematic, transparent and justifiable. Evidence must
be identified, quality assessed and, when appropriate, pooled using explicit criteria and
justifiable and reproducible methods. The Methods Guide goes on to state that evidence will
typically be drawn from a number of different sources. These sources might include cohort
studies for parameters relating to the natural history of the condition, randomised controlled
trials for relative treatment effects, and cross-sectional surveys for resource use and costs.
Methodological standards for reviewing the broad range of relevant evidence in the context
of model development do not currently exist. The processes through which evidence is
identified and selected remain largely unreported with the result that the process of using
evidence within models lacks transparency. Guidance is needed regarding approaches for
reviewing of evidence to inform the model development process and for informing parameter
values in cost-effectiveness models.

Objectives
The purpose of this document is to provide guidance and advice on what might constitute a
systematic and transparent approach where there is not a requirement to use conventional
systematic review methods but where little procedural guidance exists. The document covers
four key objectives:
•

To recommend model structuring methods including the identification and
specification of relevant parameters within a model.

•

To recommend appropriate methods for the systematic identification of evidence to
inform model parameter estimates including relevant sources and types of searching.

•

To recommend appropriate methods for the reviewing of evidence to inform model
parameters in a systematic fashion including recommendations for critical appraisal
and rapid review methods.
4

•

To make recommendations on the reporting of the identification and reviewing of
evidence including methods, decisions and judgements made during the process.

The guidance presented within this TSD is not intended to be prescriptive, rather the intention
is to provide practical advice on how specific methods might be implemented. This support
guide is set out across four sections: (1) model structuring; (2) identifying the evidence; (3)
reviewing the evidence; and (4) recommendations for practice.

(1) Model structuring
The role of evidence is not restricted to informing model parameters; rather it is closely
linked with questions about what model parameters are considered relevant and how they
should be characterised within the model. This section focuses on the conceptualisation of the
decision problem and the process of model structuring. It highlights the nature of the choices
that exist in developing the model structure, suggests a practical approach through which
these judgements can be made explicit and highlights key issues associated with the role of
evidence in the structuring elements of model development. Particular emphasis is devoted to
the distinction between the development and use of problem-oriented and design-oriented
conceptual models and the role of evidence in informing these.

(2) Identifying the evidence
The model development process brings together diverse sources of evidence within a single
analytical framework. It generates multiple complex information needs requiring different
kinds of evidence drawn from various types of information resource. Evidence is used to
inform all aspects of model development and information needs are not wholly pre-specified
but emerge and are clarified in the process of model development. It can be difficult to apply
search methods developed for the purpose of informing systematic reviews because
systematic review search methods are designed to address single, focussed, predefined
questions. This section considers the feasibility and applicability of systematic review search
methods in the context of modelling. It highlights the main types of evidence used in
modelling and suggests systematic search techniques aimed at maximising the rate of return
of potentially relevant information.

(3) Reviewing the evidence
This section provides guidance on methods for reviewing model parameter data in a
systematic fashion. It draws distinctions between systematic reviews and reviewing in the
5

context of informing model parameters and demonstrates how the key components of
systematic review methods can be used to systematise and make explicit the choices involved
in selecting evidence to inform models.

(4) Recommendations for practice
Recommendations regarding best practise are presented. It is hoped that these suggestions
will help to improve the transparency and hence the quality of HTA work. There is a need for
these recommendations to be piloted in order to determine which are most applicable within
the limited time available for NICE technology appraisals.
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ABBREVIATIONS
BNF

British National Formulary

CRD

Centre for Reviews and Dissemination

HTA

Health Technology Assessment

NICE

National Institute for Health and Clinical Excellence

ONS

Office for National Statistics

QALY

Quality Adjusted Life Year

RCT

Randomised Controlled Trial

TSD

Technical Support Document

GLOSSARY
Conceptual modelling

Activity related to translating the understanding of the decision
problem towards a mathematical model-based solution. For the
sake of this TSD, this is defined as “the abstraction and
representation of complex phenomena of interest in some readily
expressible form, such that individual stakeholders’ understanding
of the parts of the actual system, and the mathematical
representation of that system, may be shared, questioned, tested
and ultimately agreed.”

Design-oriented conceptual

Conceptual models which are focussed on the consideration of

models

alternative potentially acceptable and feasible quantitative model
designs, to specify the model’s evidence requirements and to
provide a basis for comparison and justification against the final
implemented model.

High yield patch

Any source containing a high proportion of relevant information
(e.g. existing model, clinician, systematic review)

Implementation/implemented A quantitative mathematical or simulation model implemented
model

within some software program.

Indirect retrieval

Retrieval of relevant information on one topic whilst searching for
another topic.

Information gathering

Piecemeal, non-linear or non-sequential retrieval of relevant
information.
9

Information scent

Perception that one source of information will lead to further
potentially relevant sources of information (e.g. following up
further sources by a known, relevant author)

Information seeking process

Any process by which information is identified or incorporated in
the model development process. This may include bibliographic
database searching or obtaining advice from clinicians etc.

Lumping and splitting

In this context, defining a broad search query in order to retrieve
information relating to more focussed sub-questions.

Problem-oriented conceptual

A form of conceptual model which is developed to understand the

models

decision problem and the system in which that problem exists.

Proximal cue

A source of information which prompts a search for other similar
or related potentially relevant information

Reference source

Source of information accepted or used on the grounds of its
authority in the context of the decision-making (e.g. drug
formulary, classification of disease, clinical guideline)

Routine data source

Source of information compiled primarily for administrative rather
than research purposes (e.g. prescribing rates)

Search

Any systematic process by which information is identified and
incorporated in the model development process

Search filter

A predefined search strategy aimed at restricting search results to
studies with specific methodological or clinical characteristics

Secondary retrieval

See indirect retrieval

Systematic

Any form of organised approach for identifying and reviewing
evidence, but not necessarily adhering to established systematic
review methods and processes

Systematic review

A review undertaken using established, conventional systematic
review methods such as those associated with the Cochrane
Collaboration and the Centre for Reviews and Dissemination.

Triangulation

In this context, searching for information across different types of
sources with the aim of capturing the level of consistency or
inconsistency across the breadth of different types of source (e.g.
consulting both research and non-research based sources for the
same information).
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1.

INTRODUCTION

1.1 PURPOSE OF HIS TECHNICAL SUPPORT DOCUMENT
The NICE Guide to the Methods of Technology Appraisal1 describes key aspects of analyses
submitted to the NICE Technology Appraisal Programme. This Technical Support Document
(TSD) is part of a wider initiative to produce a series of TSDs that accompany the NICE
Methods Guide. Each TSD describes how to use analytical techniques recommended in the
NICE Methods Guide, offers suggestions for analyses for areas not currently covered in the
NICE Methods Guide and identifies areas that would benefit from further methodological
research. This TSD is concerned with methods for identifying and reviewing evidence to
inform the conceptualisation and population of cost-effectiveness models developed to
inform the NICE Technology Appraisal Programme. This document is not intended to
impose restrictions on current practice but instead offers suggestions for optimal development
of cost-effectiveness models.

1.2 IDENTIFICATION AND REVIEWING OF EVIDENCE
The NICE Methods Guide (Section 5.1.2) states that the process of assembling evidence
needs to be systematic. Evidence must be identified; quality assessed and, when appropriate,
pooled using explicit criteria and justifiable and reproducible methods. The Methods Guide
focuses on the identification and assessment of evidence to inform model parameters but also
points to the need to justify, with evidence, all aspects of the modelling process including
structural assumptions and the extrapolation of treatment effects.

The Methods Guide (Section 3.3.4) states that for all parameters (including effectiveness,
valuation of health-related quality of life [HRQoL] and costs) a systematic consideration of
possible data sources is required and that the selection of sources to justify a particular
outcome must be avoided. For parameters relating to treatment effects a full systematic
review is required. For other types of parameter this requirement is not specified although the
need for a systematic, transparent and justifiable approach is stated. The Methods Guide
(Section 5.1.2) goes on to state that these principles apply to all categories of evidence that
are used to estimate clinical effectiveness and cost-effectiveness, and that this evidence will
typically be drawn from a number of different sources. These sources might include cohort
studies for parameters relating to the natural history of the condition, randomised controlled
trials (RCTs) for relative treatment effects, and cross-sectional surveys for resource use and
11

costs. It has long been recognised that when assembling the evidence it is essential to
consider how bias can be minimised, especially when non-randomised studies are included.2

Whilst a number of issues surrounding reviewing evidence for models have been highlighted
in detail3-8 there is very little formal guidance with regard to best practice in this area.
Cooper et al. highlight a number of concerns in decision models developed as part of the
HTA process in the UK; these include (1) inadequate reporting on the identification of
evidence, (2) a lack of justification as to how evidence was selected for use in the model, (3)
a lack of quality assessment of the evidence used, and (4) a lack of transparency concerning
the assumptions underpinning the model structure.3 They state that this is particularly unclear
for the sources of evidence used to inform adverse events, complications and resource use.
The consequence of these concerns is that the process of using evidence in cost-effectiveness
models lacks transparency. The quality of data inputs can directly impact on the reliability of
model results. Philips et al4 highlight the lack of good practice guidelines on how to identify
evidence for models and Paisley8 argues that the role of evidence in informing not just the
population of the model but the whole of the model development process. In very broad
terms, Figure 1 sets out some of the more common types of information required to inform
the development and population of model.

Figure 1: Types of evidence used to inform models
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Decisions concerning the choice of evidence to inform model parameter estimates are
inextricably linked with the process of model development. How a model is developed
impacts on what parameter values are needed. Once these are decided, it is necessary to
identify possible values, review the available evidence, make choices and report the whole
process as transparently as possible. This document addresses the following questions:
1. Section 1 - What methods for model structuring can be recommended? This includes
the identification, specification and prioritisation of relevant parameters. How
can/should one determine which parameters are relevant for inclusion in a model?
2. How should evidence be systematically identified to inform the process of model
development and, in particular, model parameter estimates? This includes
consideration of the applicability of systematic review search methods to the
modelling process and includes recommendations on relevant sources and on focussed
searching.
3. What guidance can be provided about the methods to use for reviewing model
parameter data in a systematic fashion, and how does this differ from conventional
reviews of clinical effectiveness? This includes recommendations for critical appraisal
and rapid review methods.
4. What recommendations concerning reporting can be made? This includes the
reporting of the model structure and evidence used to inform it, the review methods
and the decisions and judgments made regarding the identification and selection of
evidence.

The document is set out as follows. Section 2 explores issues surrounding model
conceptualisation and structuring and how this process relates to identifying evidence needs.
Section 3 covers the sourcing of evidence for models. Section 4 discusses issues surrounding
reviewing evidence. Finally, Section 5 presents recommendations for practice.
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2. MODEL STRUCTURING
2.1 PURPOSE OF THIS SECTION
The purpose of this section is not to rigidly prescribe how model development decisions
should be made, nor is it intended to represent a comprehensive guide of “how to model.”
The former would undoubtedly fail to reflect the unique characteristics of each individual
technology appraisal and could discourage the development of new and innovative modelling
methods, whilst the latter would inevitably fail to reflect the sheer breadth of decisions
required during model development. Rather, the purposes of this section are threefold:
(1) To highlight that structural model development choices invariably exist;
(2) To suggest a generaliseable and practical approach through which these alternative
choices can be exposed, considered and assessed, and;
(3) To highlight key issues associated with the role of evidence in the structuring
elements of model development.

2.2 INTRODUCTION - THE INTERPRETATION OF MATHEMATICAL MODELS
A mathematical model is a “representation of the real world… characterised by the use of
mathematics to represent the parts of the real world that are of interest and the relationships
between those parts.”9 The roles of mathematical modelling are numerous, including
extending results from a single trial, combining multiple sources of evidence, translating from
surrogate/intermediate endpoints to final outcomes, generalising results from one context to
another, informing research planning and design, and characterising and representing
decision uncertainty given existing information.10 At a broad level, mathematical or
simulation models in Health Technology Assessment (HTA) are generally used to simulate
the natural history of a disease and the impact of particular health technologies upon that
natural history in order to estimate incremental costs, health outcomes and cost-effectiveness.
All mathematical models require evidence to inform their parameters. Such evidence may
include information concerning disease natural history or baseline risk of certain clinical
events, epidemiology, resource use and service utilisation, compliance/participation patterns,
costs, health-related quality of life (HRQoL), survival and other time-to-event outcomes,
relative treatment effects and relationships between intermediate and final endpoints (see
Figure 1). However, the role of evidence is not restricted to informing model parameters.
Rather, it is closely intertwined with questions about which model parameters should be
considered relevant in the first place and how these parameters should be characterised. The
14

consideration of how best to identify and use evidence to inform a particular model parameter
thus firstly requires an explicit decision that the parameter in question is “relevant”, the
specification or definition of that parameter, and some judgement concerning its relationship
to other “relevant” parameters included in the model. This often complex and iterative
activity is central to the process of model development and can be characterised as a series of
decisions concerning (a) what should be included in the model, (b) what should be excluded,
and (c) how those phenomena that are included should be conceptually and mathematically
represented.

The need for these types of decisions during model development is unavoidable, rather it is a
fundamental characteristic of the process itself. Whilst this activity already takes place in
model development, it is often unclear how this process has been undertaken and how this
may have influenced the final implemented model. In practice, the reporting of model
structures tends to be very limited11 and, if present, usually focuses only on the final model
that has been implemented. In such instances, the reader may be left with little idea about
whether or why the selected model structure should be considered credible, which evidence
has been used to inform its structure, why certain abstractions, simplifications and omissions
have been made, why certain parameters were selected for inclusion (and why others have
been excluded), and why the included parameters have been defined in a particular way. This
lack of systematicity and transparency ultimately means that judgements concerning the
credibility of the model in question may be difficult to make. In order to produce practically
useful guidance concerning the use of evidence in models, it is firstly important to be clear
about the interpretation of abstraction, bias and credibility in the model development
process.†

i) Credibility of models
A model cannot include every possible relevant phenomena; if it could it would no longer be
a model but would instead be the real world. The value of simplification and abstraction
within models is the ability to examine phenomena which are complex, unmanageable or
otherwise unobservable in the real world. As a direct consequence of this need for

†

This philosophical view of the nature and role of mathematical models mirrors the general position of Subtle
Realism (see Hammersley M. Ethnography and realism. In: Huberman AM, Miles MB, editors. The qualitative
researchers companion. California: Sage; 2002)
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simplification, all models will be, to some degree, wrong. The key question is not whether the
model is “correct” but rather whether it can be considered to be useful for informing the
decision problem at hand. This usefulness is directly dependent upon the credibility of the
model’s results, which is, in turn, hinged upon the credibility of the model from which those
results are drawn. Owing to the inevitability of simplification and abstraction within models,
there is no single “perfect” or “optimal” model. There may however exist one or more
“acceptable” models; even what is perceived to be the “best” model could always be
subjected to some degree of incremental improvement (and indeed the nature of what
constitutes an improvement requires some subjective judgement). The credibility of
potentially acceptable models can be assessed and differing levels of confidence can be
attributed to their results on the basis of such judgements. The level of confidence given to
the credibility of a particular model may be determined retrospectively – through
considerations of structural and methodological uncertainty ex post facto, or prospectively –
through the a priori consideration of the process through which decisions are made
concerning the conceptualisation, structuring and implementation of the model.

ii) Defining relevance in models
The purpose of models is to represent reality, not to reproduce it. The process of model
development involves efforts to reflect those parts of reality that are considered relevant to
the decision problem. Judgements concerning relevance may differ between different
modellers attempting to represent the same part of reality. The question of “what is
relevant?” to a particular decision problem should not be judged solely by the individual
developing the model; rather making such decisions should be considered as a joint task
between modellers, decision-makers, health professionals and other stakeholders who impact
upon or are impacted upon by the decision problem under consideration. Failure to reflect
conflicting views between alternative stakeholders may lead to the development of models
which represent a contextually naïve and uninformed basis for decision-making.

iii) The role of clinical input
Clinical opinion is essential in understanding the relevant facets of the system in which the
decision problem exists. This clinical opinion is not only relevant, but essential, because it is
sourced from individuals who interact with this system in a way that a modeller cannot. This
information forms the cornerstone of a model’s contextual relevance. However, it is
important to recognise that health professionals cannot fully detach themselves from the
16

system in which they practise; their views of a particular decision problem may be to some
degree influenced by evidence they have consulted, their geographical location, local
enthusiasms, their experience and expertise, together with a wealth of other factors.
Understanding why the views of stakeholders differ from one another is important, especially
with respect to highlighting geographical variations. As such, the use of clinical input in
informing models and model structures brings with it the potential for bias. Bias may also be
sourced from the modeller themselves as a result of their expertise, their previous knowledge
of the system in which the current decision problem, and the time and resource available for
model development. Where possible, potential biases should be brought to light to inform
judgements about a model’s credibility.

2.3 MODEL STRUCTURING ACTIVITY WITHIN THE BROADER MODEL
DEVELOPMENT PROCESS

2.3.1 Empirical research surrounding model development in HTA
To date, there has been little empirical study concerning the development of HTA models in
practice. A recent qualitative research study was undertaken to examine techniques and
procedures for the avoidance and identification of errors in HTA models.12 Interviewees
included modellers working within Assessment Groups involved in supporting NICE’s
Technology Appraisal Programme as well as those working for outcomes research groups
involved in preparing submissions to NICE on behalf of pharmaceutical companies. A central
aspect of these interviews involved the elicitation of a personal interpretation of how each
interviewee develops models. These descriptions were synthesised to produce a stylised
model development process, comprising five broad bundles of activities (see Box 1 and
Figure 2).
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Box 1: Main stages in the model development process (adapted from Chilcott et al1 )

1. Understanding the decision problem: Activities including immersion in research
evidence, defining the research question, engaging with clinicians, decision-makers and
methodologists, and understanding what is feasible.
2. Conceptual modelling: Activity related to translating the understanding of the decision
problem towards a mathematical model-based solution.8
3. Model implementation: Implementation of the model within a software platform.
4. Model checking: Activity to avoid and identify model errors. This includes engaging with
experts, checking face validity, testing values, structure and logic, checking data sources etc.
5. Engaging with decision: Model reporting and use by the decision-maker(s).

Figure 2: Stylised model development process 12

One particular area of variability between interviewees concerned their approaches to
conceptual model development. During the interviews, respondents discussed the use of
several approaches to conceptual modelling including documenting proposed model
structures, developing mock-up models in Microsoft Excel, developing sketches of potential
structures, and producing written interpretations of evidence. For several respondents, the
model development process did not involve any explicit conceptual modelling activity; in
these instances, the conceptual model and implementation model were both developed in
parallel. This is an important distinction to make with respect to model credibility and
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validation (see Section 2.3.2 below) and the processes through which evidence is identified
and used to inform the final implemented model.
2.3.2 Definition and purpose of conceptual modelling
Whilst others have recognised the importance of conceptual modelling as a central element of
the model development process, it has been noted that this aspect of model development is
probably the most difficult to undertake and least well understood.13,14 Part of the problem
stems from inconsistencies in the definition and the role(s) of conceptual modelling, and
more general disagreements concerning how such activity should be used to support and
inform implementation modelling. The definition and characteristics of conceptual modelling
are dependent on the perceived purposes of the activity; existing literature around this subject
has been reviewed in detail elsewhere.13 For the purpose of this document, conceptual
modelling is taken as: “the abstraction and representation of complex phenomena of interest
in some readily expressible form, such that individual stakeholders’ understanding of the
parts of the actual system, and the mathematical representation of that system, may be
shared, questioned, tested and ultimately agreed.”

Whilst there is inevitable overlap associated with processes for understanding the decision
problem to be addressed, conceptual modelling is distinguishable from these activities in that
it is targeted at producing tangible outputs in the form of one or more conceptual models. In
the context of HTA, conceptual model development may be used to achieve a number of
ends, as shown in see Box 2. Broadly speaking, these roles fall into two groups: (1) those
associated with developing, sharing and testing one’s understanding of the decision problem
and the system in which this exists, and (2) those associated with designing, specifying and
justifying the model and its structure. Therefore it seems sensible to distinguish between
problem-oriented conceptual models and design-oriented conceptual models; this distinction
has been made elsewhere outside of the field of HTA.15 The characteristics of these
alternative types of conceptual model are briefly detailed below. Both of these types of model
may be useful approaches for informing the relevant characteristics of the final implemented
model.
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Box 2: The roles of conceptual modelling in HTA

Problem-oriented conceptual models
•

To ensure that health professionals understand how the model will capture the impact
of the interventions under consideration on costs and health outcomes

•

To ensure that the proposed model will be clinically relevant - that all relevant events,
resources, costs and health outcomes have been included and that these reflect current
knowledge of disease and treatment systems

•

To ensure that the proposed model will meet the needs of the decision-maker

•

To provide a reference point during model implementation

•

To highlight uncertainty and variation between healthcare practitioners

Design-oriented conceptual models
•

To provide a common understanding amongst those involved in model development
regarding model evidence requirements prior to model implementation

•

To provide an explicit platform for considering and debating alternative model
structures and other model development decisions prior to implementation (including
the a priori consideration of structural uncertainties)

•

To provide a reference point during model implementation

•

To provide the conceptual basis for reporting the methods and assumptions employed
within the final implemented model

•

To provide a basis for comparison and justification of simplifications and abstractions
during model development

Problem-oriented conceptual models: This form of conceptual model is developed to
understand the decision problem and the system in which that problem exists. The focus of
this model form concerns fostering communication and understanding between those parties
involved in informing, developing, and using the model. In health economic evaluation, this
type of conceptual model is primarily concerned with developing and agreeing a description
of the disease and treatment systems: (a) to describe the current clinical understanding of the
relevant characteristics of the disease process(es) under consideration and important events
therein, and; (b) to describe the clinical pathways through which patients with the disease(s)
20

are detected, diagnosed, treated and followed-up. This type of conceptual model is therefore
solely concerned with unearthing the complexity of the decision problem and the system in
which it exists; its role is not to make assertions about how those relevant aspects of the
system should be mathematically represented. The definition of “what is relevant?” for this
type of conceptual model is thus primarily dependent on expert input rather than the
availability of empirical research evidence. In this sense, this type of conceptual model is a
problem-led method of enquiry.

Design-oriented conceptual models: This form of conceptual model is focussed on the
consideration of alternative potentially acceptable and feasible quantitative model designs, to
specify the model’s anticipated evidence requirements, and to provide a basis for comparison
and justification against the final implemented model. In order to achieve these ends, it draws
together the problem-oriented conceptual views of relevant disease and treatment processes
and interactions between the two. The design-oriented conceptual model sets out a clear
boundary around the model system, defines its breadth (how far down the model will
simulate certain pathways for particular patients and subgroups) and sets out the level of
depth or detail within each part of the model. It therefore represents a platform for identifying
and thinking through potentially feasible and credible model development choices prior to
actual implementation. Within this context, the definition of “what is relevant?” is guided by
the problem-oriented models and therefore remains problem-led, but is mediated by the
question of “what is feasible?” given the availability of existing evidence and model
development resources (available time, money, expertise etc.).

Conceptual modelling activity, however defined, is directly related to model credibility and
validation.16 The absence of an explicit conceptual model means that a specific point of
model validation is lost. As a model cannot include everything, an implemented model is
inevitably a subset of the system described by the conceptual model. This hierarchical
separation allows simplifications and abstractions represented in the implemented model to
be compared against its conceptual counterpart, thereby allowing for debate and
justification.12 However, in order to make such comparisons, conceptual model development
must be overt: the absence or incomplete specification of a conceptual model leads to the
breakdown of concepts of model validation and verification. Without first identifying and
considering the alternative choices available, it is impossible to justify the appropriateness of
any particular model. The benefit of separating out conceptual modelling activity into distinct
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problem-oriented and design-oriented components is that this allows the modeller (and other
stakeholders) to firstly understand the complexities of the system the model intends to
represent, and then to examine the extent to which the simplifications and abstractions
resulting from alternative “hard” model structures will deviate from this initial view of the
system. Figure 3 shows the relationship between the real world, the conceptual models and
the implemented model.

Figure 3: A hierarchy of models

2.4 PRACTICAL APPROACHES TO CONCEPTUAL MODELLING IN HTA
This section suggests how conceptual modelling could be undertaken and which elements of
model development activity should be reported. Practical considerations surrounding
conceptual model development are detailed below with reference to a purposefully simple
model to assess the cost-effectiveness of adjuvant treatments for a hypothetical cancer area. It
should be noted that the illustrative model is only intended to suggest how the alternative
conceptual models forms may be presented and used. The problem-oriented model is divided
into two separate conceptual model views; a disease process model and a service pathways
model.

2.4.1 Problem-oriented conceptual modelling - disease process models
Figure 4 presents a simple example of a conceptual disease process model for the
hypothetical decision problem. The focus of this type of model is principally on relevant
disease events and processes rather than on the treatments received. At each point in the
pathway, the focus should therefore relate to an individual patient’s true underlying state
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rather than what is known by healthcare professionals at a particular point in time. It should
be reiterated that this type of conceptual model does not impose or imply any particular
decision concerning modelling methodology or outcome measure; it is solely a means of
describing the relevant clinical events and processes within the system of interest.
Furthermore, much of the information required to develop this type of model is already
required for manufacturer’s submissions and assessment reports produced to inform NICE’s
Technology Appraisals. It should also be noted that such conceptual models should be
accompanied by textual descriptions to support their interpretation.
Figure 4: Illustrative disease process model
Tumour
progresses
Progression-free

Patient suffers
relapse
Patient undergoes complete
surgical excision of
their primary tumour

Patient is
disease-free

Post-progression

Patient dies

Death from other-causes or
metastatic cancer

Patient is cured

Patient does not
relapse

Death from other causes

The following non-exhaustive set of issues and considerations may be useful when
developing and reporting this type of problem-oriented conceptual model:

Inclusion/exclusion of disease-related events
•

What are the main relevant events from a clinical/patient perspective? Does the
conceptual model include explicit reference to all clinically meaningful events? For
example, could a patient experience local relapse? Or could the intervention affect
other diseases (e.g. late secondary malignancy resulting from radiation therapy used
to treat the primary tumour)?

•

Can these relevant events be discretised into a series of mutually exclusive
biologically plausible health states? Does this make the process easier to explain?
o If so, which metric would be clinically meaningful or most clinically
appropriate? Which discrete states would be clinically meaningful? How do
clinicians think about the disease process? How do patients progress between
these states or sequences of events?
o If not, how could the patient’s preclinical trajectory be defined?
23

•

Do alternative staging classifications exist, and if so can/should they be presented
simultaneously?

•

Are all relevant competing risks (e.g. relapse or death) considered?

•

For models of screening or diagnostic interventions, should the same metric used to
describe preclinical and post-diagnostic disease states?

•

Is the breadth of the conceptual model complete? Does the model represent all
relevant states or possible sequences of events over the relevant patient subgroups
lifetime?

•

What are the causes of death? When can a patient die from these particular causes?
Can patients be cured? If so, when might this happen and for which states does this
apply? What is the prognosis for individuals who are cured?

Impact of the disease on HRQoL and other outcomes
•

Is there a relationship between states, events and HRQoL? Which events are expected
to impact upon a patient’s HRQoL?

•

Does the description of the disease process capture separate states in which a patient’s
HRQoL is likely to be different?

•

Does the description of the disease process capture different states for prognosis?

Representation of different-risk subgroups
•

Is it clear which competing events are relevant for particular subgroups?

•

Does the description of the disease process represent a single patient group or should
it discriminate between different subgroups of patients?

•

Are these states/events likely to differ by patient subgroup?

Impact of the technology on the conceptualised disease process
•

Have all competing technologies relevant to the decision problem been identified?

•

Can the conceptual model be used to explain the impact(s) of the technology or
technologies under assessment? Do all technologies under consideration impact upon
the same set of outcomes in the same way?

•

Are there competing theories concerning the impact(s) of the technology upon the
disease process? Can these be explained using the conceptual model?
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•

Does the use of the health technology result in any other impacts upon health
outcomes that cannot be explained using the conceptual disease process model?

2.4.2 Problem-oriented conceptual modelling – service pathways models
Figure 5 presents an example of a conceptual model of service pathways for the example
decision problem. In contrast to the disease process model, the focus of the service pathways
model is principally concerned with the treatments received based upon what is known or
believed by healthcare practitioners at any given point in time. Again, such conceptual
models should be accompanied by textual description to ensure clarity in their interpretation.
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Figure 5: Illustrative service pathways model
Patient dies during initial adjuvant chemotherapy period
Patient survives surgery - returns to
follow-up (same schedule but surgeon-led,
potential complications)
Patient dies during follow-up
yes
Patient
survives
surgery

Adjuvant chemotherapy
6 months
(Using regimen 1, 2 or 3)

Follow-up test 1 (6 months)
Findings
normal

Eligible/fit for
further curative
surgery?

Peri-operative death

no

Findings
normal
Follow-up test 3 (24 months)

Palliative treatment
(Spiritual support, symptom
relief)

no

Follow-up test 2 (12 months)
- Drug acquisition
- Administration (OP)
- Pharmacy preparation/
dispensing
- Drugs (to manage AEs)
- Line insertion

Patient fit for
palliative
chemotherapy?

Relapse
detected

Death

Metastasectomy

yes
1st line palliative
chemotherapy
Intolerable adverse events
disease progression

Findings
normal

2nd line palliative
chemotherapy

Follow-up test 4 (48 months)

Intolerable adverse events
disease progression
Discharge (cured)
salvage
chemotherapy
Relapse within 6 months

IP – inpatient; OP - outpatient
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Patient dies

-

Imaging
Drugs (to manage AEs)
Potential hospitalisation
Clinical consultations
Administration (IP/OP)
Drug acquisition costs (cycle-based)
Line insertion
Pharmacy preparation/dispensing

The following issues and considerations may be useful when developing and reporting this
type of conceptual model:

Relationship between risk factors, prognosis and service pathways
•

Is it clear where and how patients enter the service? Is it clear where patients leave the
service (either through discharge or death)?

•

Does the model make clear which patients follow particular routes through the
service?

•

Are any service changes occurring upstream in the disease service which may
influence the casemix of patients at the point of model entry? E.g. if surgical
techniques were subject to quality improvement might this change patient prognosis
further downstream in the pathway?

•

Does the model highlight the potential adverse events resulting from the use of
particular interventions throughout the pathway? What are these? Do they apply to all
competing technologies under consideration?

•

Are there any potential feedback loops within the system (e.g. resection→followup→relapse→re-resection→follow-up)?

•

Which patients receive active treatment and which receive supportive care alone?
What information is used to determine this clinical decision (e.g. fitness, patient
choice)?

Distinction between what is true and what is known
•

How does the pathway change upon detection of the relevant clinical events, as
defined in the conceptual disease process model? For example, at what point may
relapse be detected?

•

Is the occurrence of certain events likely to be subject to interval censoring?

Geographical variations
•

How do the service pathways represented in the model likely to vary by geographical
location or local enthusiasms? What are these differences and which parts of the
pathway are likely to be affected most?
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Nature of resource use
•

What are the relevant resource components across the pathway and what is the nature
of resource use at each point of intervention? E.g. routine follow-up dependent on
relapse status, once-only surgery (except for certain relapsing patients), cycle-based
chemotherapy, doses dependent on certain characteristics, dose-limited radiation
treatment etc.

•

Does the conceptual service pathways model include all relevant resource
components?

•

Which resources are expected to be the key drivers of costs?

Impact of the technology on the service pathway
•

Which elements of the conceptual model will the intervention under assessment
impact upon? E.g. different costs of adjuvant treatment, different mean time in
follow-up, different numbers of patients experiencing metastatic relapse? What are
expected to be the key drivers of costs?

Box 3 presents recommendations for developing and reporting problem-oriented conceptual
models.
Box 3: Recommendations for practice - problem-oriented models

(1) Develop the structure of the problem-oriented conceptual model using clinical
guidelines and input from health professionals
(2) Use other health professionals not involved in model development to provide peer
review and to check understanding of the conceptual models
(3) The precise graphical approach for presenting the conceptual models is important
only in that they should be easily understood by health professionals and other
decision stakeholders
(4) For the sake of clarity, it may be beneficial to present the model in both diagrammatic
and textual forms using non-technical, non-mathematical language
(5) Develop the problem-oriented models before developing the design-oriented model.
The feasibility and acceptability of the design-oriented conceptual model should have
no bearing on the adequacy of the problem-oriented conceptual models.
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Practical considerations – design-oriented conceptual models
Figure 6 presents an example of a design-oriented conceptual model for the hypothetical
decision problem (again, note that this is not intended to represent the “ideal” model but
merely illustrates the general approach). This type of model draws together the problemoriented model views with the intention of providing a platform for considering and agreeing
structural model development decisions. By following this general conceptual approach it
should be possible to identify the anticipated evidence requirements for the model at an early
stage in model development.

Anticipated evidence requirements to populate the proposed illustrative model are likely to
include the following types of information:
•

Time-to-event data to describe sojourn time/event rates and competing risks in States
1-4 for the current standard treatment

•

Relative effect estimates for the intervention(s) versus comparator (e.g. hazard ratios
or independent hazards time-to-event data)

•

Information relating to survival following cure

•

HRQoL utilities for cancer and cured states

•

Estimates of QALY losses or utility decrements and duration data for adverse events

•

Information concerning the probability that a relapsed patient undergoes
active/palliative treatment

•

Survival and other time-to-event outcomes for relapsed patients

•

Resource use and costs associated with:
o Chemotherapy (drug acquisition, administration, pharmacy/dispensing, drugs
to manage adverse events, line insertion)
o Resource use and unit costs for follow-up
o Supportive care following relapse
o Active treatments following relapse

It may be helpful to consider the following issues when developing design-oriented
conceptual models.
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Figure 6: Illustrative design-oriented conceptual model
TTE 1

TTE 2*

State 1 (Model entry point)
Alive, relapse-free, on chemo
(max 6months sojourn)
Chemo & associated costs
(dependent on sojourn time and
compliance)
AE costs

TTE 3 *

State 2
Alive, relapse-free, in follow-up
(up to 48 months)

TTE 4

HRQoL1 (age-independent)
QALY loss for AEs

Follow-up tests/appointment costs
(dependent on sojourn time and
compliance)

State 4
Alive, post-relapse, active or
supportive care

TTE 5 *

HRQoL1 (age-independent)

Proportion active/palliative tx (P1)
Costs active tx and supportive care
dependent on P1 and TTE5 in
subgroup
HRQoL2 for active tx subgroup
QALY loss for Aes due to active
HRQoL3 for supportive care
subgroup

TTE 7

State 3
Cured
No further health system costs
TTE 8

HRQoL1 (return to healthy population
status)

TTE = time to event; AE = adverse event
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State 5 (Model exit point)
Dead

TTE 6

Absorbing state
No cost of death

Anticipated evidence requirements
•

What clinical evidence is likely to be available through which to simulate the impact
of the new intervention(s)? How should these parameters be defined and what
alternatives are available? Should independent or proportional hazards be assumed?

•

Are all relevant interventions and comparators compared within the same trial? If not,
is it possible for outcomes from multiple trials to be synthesised? How will this be
done?

•

What evidence is required to characterise adverse events within the model? What
choices are available?

•

Beyond the baseline and comparative effectiveness data relating to the technology
itself, what other outcomes data will be required to populate the downstream portions
of the model (e.g. progression-free survival and overall survival by treatment type for
relapsed patients, survival duration in cured patients)?

•

Will any intermediate-final relationships be modelled? What external evidence is
there to support such relationships? What are the uncertainties associated with this
approach and how might these be reflected in the model?

•

Which descriptions of HRQoL states are possible and how will these parameters be
incorporated into the final model?

•

Will all model parameters be directly informed by evidence or will calibration
methods (e.g. Markov Chain Monte Carlo) be required? Which calibration methods
will be used and why should these be considered optimal or appropriate?

•

What pre-model analysis will be required to populate the model? Which parameters
are likely to require this?

Modelling clinical outcomes
•

Which outcomes are needed by the decision-maker and how will they be estimated by
the model?

•

How/should trial evidence be extrapolated over time?

•

If final outcomes are not reported within the trials, what evidence is available
concerning the relationship between intermediate and final outcomes? How might this
information be used to inform the analysis of available evidence?

•

How will the impact(s) of treatment be simulated? How will this directly/indirectly
influence costs and health outcomes? What alternative choices are available?
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Modelling approach
•

Which methodological approach (e.g. state transition, patient-level simulation) is
likely to be most appropriate? Why?

•

Is the proposed modelling approach feasible given available resources for model
development?

•

How does the approach influence the way in which certain parameters are defined?
What alternatives are available (e.g. time-to-event rates or probabilities)?

•

Does the proposed modelling approach influence the level of depth possible within
certain parts of the model?

Adherence to a health economic reference case
•

Will the proposed model meet the criteria of the reference case specific to the
decision-making jurisdiction in which the model will be used? If not, why should the
anticipated deviations be considered appropriate?

Simplifications and abstractions
•

Have any relevant events, costs or outcomes been purposefully omitted from the
proposed model structure? Why? For what reason(s) may these omissions be
considered appropriate?

•

Are there any parts of the disease or treatment pathways that have been excluded
altogether? Why?

•

What is the expected impact of such exclusion/simplification decisions? Why?

•

What are the key structural simplifications? How does the design-oriented model
structure differ from the problem-oriented conceptual models? Why should these
deviations be considered appropriate or necessary? What is the expected direction and
impact of these exclusions on the model results?

32

Box 4: Recommendations for practice - design-oriented conceptual models

•

The design-oriented conceptual model should be developed initially prior to the
development of the final implementation model. It may, however, be revisited and
modified within an iterative process during the development of the quantitative
model.

•

Model development involves making a large number of decisions and judgements.
Not every decision or judgement made during model development will be important.
The key decisions are likely to be those whereby the implemented model clearly
deviates from the problem-oriented models (e.g. a part of the system is excluded) or
whereby several alternative choices exist but none of which are clearly superior (i.e.
structural uncertainties). These decisions should be clearly documented and reported.

•

The sources of evidence used to inform model structure and the methods through
which this information is elicited should be clearly reported.

•

Where possible, alternative model development choices drawn out at this stage should
be later tested using the quantitative model to assess their impact upon the model
results. This will not however always be possible or feasible.

2.5 EVIDENCE SOURCES TO INFORM CONCEPTUAL MODELS
A number of potential evidence sources may be useful for informing these types of
conceptual model. Whilst the evidence requirements for any model will inevitably be broader
than that for traditional systematic reviews of clinical effectiveness, the task of obtaining such
evidence should remain a systematic, reproducible process of enquiry. Possible sources of
evidence to inform conceptual models include: (1) clinical input; (2) existing systematic
reviews; (3) clinical guidelines; (4) existing efficacy studies; (5) existing economic
evaluations or models, and; (6) routine monitoring sources. Table 1 puts forward some
pragmatic concerns which should be borne in mind when using these evidence sources to
inform conceptual model development. These concerns have been drawn from discussions
held during the focus groups used to inform this document (see Acknowledgements).

The next section moves on to discuss methods for the identification of evidence to inform
cost-effectiveness models.
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Table 1: Roles and concerns regarding the use of evidence to inform alternative model structures
Existing economic evaluations / models

Expert input (including clinicians and
potentially patients/service users)

Principal role(s) in conceptual model development
• To apply previously developed model
•
structure to the current decision problem
under consideration
•
• To use existing economic analyses to
highlight key evidence limitations
•
• To identify possible options for model
development decisions
• To identify relevant treatment pathways
Issues and caveats associated with use
• Existing models should not be relied upon
•
without considerable scrutiny.
• Publication or other forms of
dissemination of an existing model does
•
not guarantee that the previous model was
either appropriate or credible.
•
• Advances in knowledge may render an
existing model redundant
• There may exist a gap between the
decision problem that the model was
developed to address and the current
decision-problem under consideration
•
•
•
•

Clinical guidelines / previous
TA guidance / local treatment
protocols

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

To inform problem-oriented conceptual
model development
To scrutinise the credibility of alternative
model structures
To elucidate uncertainty regarding
geographical variation

• To identify existing
treatment/management
pathways
• To highlight gaps in the
existing evidence base

• To identify available evidence to
inform relationships between
intermediate and final endpoints
• To investigate what evidence is
available

Seek input from more than one health
professional to capture the spectrum of
clinical opinion
Use multiple experts located in different
geographical locations
There exists a trade-off between seeking
support from individuals with
considerable expertise and standing (may
not have much time but more
experience/knowledge) and less
experienced clinicians (may have more
time to engage but lesser knowledge of
evidence base).
Health professionals cannot be
completely objectively detached from the
system the model intends to represent
May be difficult to distinguish between
conflict and geographical variations
Potential conflicts of interest
Potential ethical restrictions

• Current practice may have
evolved since publication of
guidance
• Such evidence sources may
not provide sufficient detail
to inform the current
decision problem
• Local protocols may not
reflect geographical
variations between centres
• Local protocols and
guidelines may not be
evidence-based
• There may exist a gap
between what should happen
and what does in happen in
clinical practice

• Potential reliance on the availability of
evidence rather than the structure of
the problem
• Differences between studies may
suggest competing theories regarding
(a) the nature of the disease process
and (b) the relevance of particular
events. This is not a problem as such
but should be drawn out during
conceptual model development.
• Treatments and comparators may
reflect historical rather than current or
best practice
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3. IDENTIFYING AND SOURCING EVIDENCE
3.1 PURPOSE OF THIS SECTION
The NICE Reference Case1 requires that evidence to inform parameters of clinical
effectiveness should be identified by systematic review. In its specification or definition of
‘systematic review’ for these parameters, the NICE Methods Guide refers to the systematic
review methods of the Centre for Review and Dissemination (CRD).17 For all other types of
evidence, including utilities, costs, and baseline risks of events, the need to be systematic and
transparent is specified several times but the requirement for a systematic review of these
types of evidence is not specified. There is an implication that a systematic and transparent
process should be used but that this should not or cannot necessarily adhere to conventional
systematic review methods.

In an area so dominated by the systematic review methodology it is perhaps useful to
establish some definitions for the terms used in this section of the TSD. ‘Systematic review’
is used in the context of established, conventional systematic review methods such as those
associated with the Cochrane Collaboration and the Centre for Reviews and Dissemination.
‘Systematic review search methods’ refer to the search methods associated with systematic
reviews, characterised by an extensive search approach, directed by a clearly focussed search
question and aimed at achieving 100% sensitivity. ‘Systematic’ is used in its generic sense to
mean any kind of organised approach to identifying evidence. ‘Evidence’ is used to describe
any kind of information, including research, routine and expert information, used to support
the development or credibility of a model. ‘Searching’ is used to describe any information
seeking process or any process by which information is incorporated in the modelling
process. As such, information seeking processes are not restricted to database searching and
can include any form of systematic enquiry resulting in the identification or obtaining of
information for use in the modelling process.

The purpose of this section is to provide advice on what might constitute a systematic and
transparent approach to identifying sources of evidence where the NICE Methods Guide does
not specify a requirement to follow conventional systematic review methods, but where no
procedural guidance is given. It should be noted that the implications of not applying
established systematic review methods and of not searching exhaustively in the context of
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decision-analytic models has not been tested empirically. In the absence of exhaustive
searching and the absence of the assessment of the quality of a search by its perceived
sensitivity, the guiding principles of the advice given here are:
§

The processes by which potentially relevant sources are identified should be
systematic, transparent and justified such that it is clear that sources of evidence have
not been identified serendipitously, opportunistically or preferentially.

§

All sources of information used to support the conceptualisation, specification or
parameterisation of a model should be identified and supported by appropriate
referencing.

§

The factors influencing the choice of evidence source should be identified and
justified.

3.2 BACKGROUND
Decision-analytic models bring together, within a relevant analytical framework, the full
range of available evidence required to address a decision problem. As such they have
multiple information needs, requiring different kinds of evidence, drawn from various types
of information resource. Whilst search methods exist for the identification of RCT evidence
on treatment effects, the development of equivalent search methods for other types of
evidence is not as advanced. In addition, the search methods developed for the identification
of RCT evidence form part of the set of methods developed to support the task of undertaking
systematic reviews. As such they have not been designed to take into account activities
specific to the task of decision-analytic modelling.

The objective of systematic review search methods is to identify as complete a population as
possible of relevant studies. The purpose is to maximise the sample population on which the
estimate of clinical effectiveness is based and to seek to minimise the risk of bias in terms of
publication, language, time-to-publication and study selection bias. The search procedures
involve two key requirements. The first of these is the definition of a clearly focussed search
question, typically structured according to the PICO question (populations, interventions,
comparators, outcomes) that the review is seeking to address. The second is the searching of
multiple sources of information using a number of different search techniques. The focus of
this approach is on maximising the sensitivity of the search in an attempt to identify every
study that matches the PICO question.18
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In practice, systematic review search methods are not applied consistently across the
modelling process. Beyond the population of clinical effectiveness parameters, extensive
searching to support the full range of information requirements of the model is rarely, if ever
reported.

The debate on whether exhaustive search methods, such as those used in systematic reviews,
should be used to support decision-analytic models of cost-effectiveness has thus far been
inconclusive. Anecdotally, a consensus appears to have emerged that, ideally exhaustive
searches should be undertaken but that in practice this is not feasible. The theoretical methods
literature questions the applicability of systematic review search methods in the context of
decision-analytic models on several levels, one of these being that the value of searching
should be measured not in terms of sensitivity but in terms of the impact of information on
the understanding of uncertainty in the model and ultimately on the decision-making
process.19 Conversely, there is concern about the extent to which decision-analytic models are
open to the risk of bias.2 In either case it is important that the processes through which
evidence is identified are transparent and that the criteria or judgments that contribute to the
choice of evidence should be justified. Currently, there are no methodological reporting
standards for searches for decision-analytic models and the information seeking processes
that support model development remain frequently unreported.11

The remainder of this section will consider the reasons why it might be difficult to apply the
systematic review search approach in the context of modelling, what the main types of
information used in modelling are, what search techniques might be used to maximise the
rate of return of potentially relevant evidence and what might constitute sufficient evidence
and a sufficient search process.

3.3 SYSTEMATIC REVIEW SEARCH METHODS IN THE CONTEXT OF MODELLING
The feasibility and applicability of systematic review search methods in the context of
decision-analytic modelling is open to discussion on a number of pragmatic and theoretical
grounds. In practical terms, it is often argued that there is not sufficient time or resource to
undertake a systematic review on every information need generated by the model.4 On
theoretical grounds it has been argued that this should not be a requirement and that search
activities should focus on aspects of the model that impact on model outputs and ultimately
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the decision that the model is seeking to support.19 The emphasis here is not on
comprehensive searching to minimise the risk of bias, rather it concerns identifying enough
or sufficient information to maximise the understanding of the implications of uncertainty in
the model.

There are a number of other considerations relating to the activities involved in developing a
decision-analytic model which point to fundamental differences between systematic reviews
and models. At one level, these can lead to difficulties in fitting the systematic review search
approach to the task of developing and populating a model. At another level, they raise
questions concerning the applicability of systematic review search methods in the context of
modelling.

In addressing ‘real world’ decision problems and in seeking to provide a credible
representation of the real world, models draw extensively on a range of information that is
specific to the context of the decision and that includes non-research based information. Such
sources include registries, administrative or routine data sources and expert advice. In
practical terms, the location and format of these types of information makes retrieval difficult
using the techniques associated with the systematic review search approach and the
completeness of a search in terms of sensitivity is difficult to assess. In theoretical terms,
concepts such as publication bias, language bias and time-to-publication bias might not be
applicable or might be interpreted differently. For example, the retrieval of information on
all-cause mortality to support a decision in the UK would not be at risk of language bias.
Likewise the retrieval of information from an authoritative, routine data source to support
estimates of health service costs would not require extensive searching to minimise the risk of
time-to-publication bias but it would be necessary to demonstrate that the most up-to-date
version of the source had been used.

Systematic review search methods rely on capturing the research question or decision
problem in a clearly focussed search query. This however raises several problems when
applied to the context of model development. The multiple information needs of a model
cannot be captured in a single search query. A study to assess the feasibility of using the
systematic review search approach for all information needs associated with populating a
typical model of cost-effectiveness identified 42 search questions.20 The process of
structuring a search according to the PICO question is not adequate in the context of
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modelling as the underlying PICO question cannot be translated directly into search queries
relevant to the scope of the model, and it is generally accepted that multiple searches of some
form are required to identify the full scope of relevant information. The manageability of this
task is further complicated by the complexity and lack of clarity of some information needs.
For example the task of defining relevant treatment scenarios requires information on current
practice. Current practice is a complex information need and is difficult to translate into a
focussed, single search query. An analysis of the evidence used to inform the specification of
treatment scenarios in a model of treatments for hypercholesterolaemia identified six sources
of evidence including empirical effectiveness studies, expert advice and routine data.21,22

The activities associated with conceptualising the decision problem and translating this into a
relevant model specification inevitably involve an iterative process of clarification and
analysis. In addition, information needs cannot be dealt with individually and sequentially.
The generation of information needs is inextricably linked to the process of model
development and multiple information needs have to be managed simultaneously. As such,
the model development process does not begin with a complete, known set of neatly defined,
discrete search questions. Whilst some information needs may be clear at the outset (and
following the conceptual modelling approach in Section 2 may help to expose these), others
will emerge and become clearer in the course of building the model and in the course of
consulting evidence identified through an iterative search process.

Much of the theoretical discussion on searching for evidence for models relates to the
population of model parameters. However an analysis of evidence cited in typical costeffectiveness models concluded that evidence is cited in support of a range of activities that
form part of the process of developing a model, other than the population of model
parameters.8 These are outlined in more detail in the previous section and have been observed
to include the use of evidence to generate a conceptual understanding of the decision
problem, to inform the judgments involved in specifying a relevant model structure and to
justify the analytical approach of the model, for example in extrapolating short-term evidence
over a relevant time horizon. The information seeking processes that inform this type of
modelling activity are often implicit but should nonetheless involve a systematic and
transparent consideration of the available evidence such that the acceptability of the sources
used can be assessed. The applicability of systematic review search methods to this type of
activity is however open to debate. For example, the specification of a given method for
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extrapolating short-term evidence should be based on some process of identifying and
exploring the available options. It is not necessary however that a search be undertaken to
identify every occurrence of the chosen approach in the published and unpublished literature.

If there is a dearth of evidence with which to inform a model, extensive searching in an
attempt to address multiple, individual information needs becomes impracticable. In the
absence of ‘ideal’ information, the selection of evidence frequently involves the weighing up
and trading off of the attributes of different sources, including the use of informed
assumptions, in an attempt to find the most acceptable close match to the required
information. Rather than focus on the sensitivity of searching, as is the case in systematic
review searching, a more efficient approach might be to focus on precision in order to
maximise the retrieval of possible ‘close matches.’ Using this approach, the scope or
extensiveness of a search can be decided by the volume, characteristics and quality of the
close matches being retrieved.

3.4 INFORMATION SOURCES TO INFORM MODELS
The NICE Methods Guide refers to a number of types of information need in its guidance on
model-based cost-effectiveness analyses. The guide also points to the need to identify
different study designs to address different types of information need and to use both research
and non-research based information.

A content analysis of the evidence cited in typical models of cost-effectiveness identified
fourteen types of information drawn from seven types of sources.8 (see Table 2). This
included the citing of sources of evidence to support the full scope of modelling activities. In
terms of populating model parameters, major types of input have been defined as treatment
effects, costs, utilities, baseline risk of clinical events11,23 and adverse events.19 The main
types of sources from which evidence to populate model parameters is drawn has been
classified as evidence syntheses (including secondary economic analyses), RCTs,
observational studies (including both longitudinal and cross-sectional studies), routine data
sources (including registries and routine and administrative data sources), references sources
(including drug formularies) and expert judgment.8 The range of types and sources of
evidence used in models has implications for the retrieval of information.
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Table 2: Classification of evidence used in models of cost-effectiveness by type, source and use of evidence
21
(Paisley, 2010 )

Types of information

Types of source of evidence

Uses of evidence within model

Adverse effects

Evidence synthesis

Design and specification of model
framework

Compliance

Expert judgment

Model validation

Current practice

Methodological theory and
empirical evidence

Modelling and analytical approach

Epidemiology

Observational research

Population of model parameters

Modelling methods

RCT (clinical and economic)

Sensitivity and uncertainty analysis

Natural history

Reference sources

Patient preferences

Routine data sources

Prescribing rates
Prognosis
Resource use
Results and methods from
other models
Clinical outcomes
Unit costs
Utilities
General biomedical bibliographic databases, including Medline and Embase remain
important sources. The practice of using validated filters to restrict search results to RCTs is
well established. Filters also exist for other types of study design. However, many of these
have been designed pragmatically and few have been widely validated. This should be borne
in mind when performing searches aimed at achieving high sensitivity. Despite this caveat,
filters for study types other than RCTs are widely used and are an important resource in
identifying the range of information required for models. The Information Specialists’ SubGroup of InterTASC, the network of academic centres undertaking health technology
assessments for NICE, have developed an extensive resource of critically appraised search
filters.17,18:24 In terms of non-RCT evidence the Campbell and Cochrane Economic Methods
41

Working Group provides advice on searching for economic evaluations and on utilities
evidence.19,25 Another in the series of NICE DSU Technical Support Documents focuses on
the identification of utilities evidence.26 Research on the retrieval of evidence on adverse
events is currently being undertaken at the University of York.27 These sources provide
advice both on searching general biomedical databases and on specialist resources specific to
their topic areas.

Compilations of resources bringing together routine data sources such as registries and
administrative data sources and reference sources such as drug formularies and unit costs
have not been developed. Part of the value of this type of information is its relevance to the
context of the decision-making process, such as geographical context. For example the
British National Formulary (BNF), the Office for National Statistics (ONS) and the NHS
Reference Costs provide relevant information in the context of NICE decision-making but do
not carry the same authority in all decision-making jurisdictions. As such it would be difficult
to develop a generic, comprehensive resource useful to all HTA decision-making systems.
However this type of information source is difficult to locate systematically. The compilation
of resources relevant to specific, local decision-making processes is an important area for
further development. Many of these resources are already mentioned in the NICE Methods
Guide. Further methods of identifying this type of information include the use of expert
advisors in identifying important sources in their clinical area and brief exploratory searches
of the internet and of bibliographic databases to identify leads or ‘proximal cues’ that can be
followed to potentially relevant sources.

The role of expert judgment as a source of evidence in decision-analytic models is more
complex than in systematic reviews. As a source of estimates with which to populate model
parameters, the expert judgment of clinicians is placed at the bottom of the evidence
hierarchy, as in systematic reviews.23 However, in the absence of relevant of evidence, the
elicitation of expert information is preferable to an unqualified assumption. Beyond the
population of model parameters, the role of expert judgment in interpreting the available
evidence and in assessing the face validity or credibility of the model as an acceptable
representation of the decision problem is recognised as an important form of validation.9 In
terms of retrieving or obtaining information from experts, the potential for bias is high and
the guiding principles pertaining to the more familiar methods of information retrieval remain
in place. Formal methods of elicitation, including Bayesian elicitation methods, qualitative
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operational research techniques22,28 and consensus methods29 have been used in the context of
decision-analytic models. Other forms of good practice include the use of a number of
experts in order to capture a range of opinion and variation and taking precautions to ensure
that the full range of clinical expertise relevant to the decision problem is represented (see
Table 1).

In the context of different types of information (e.g. epidemiology, clinical effectiveness,
resource use) it is perhaps worth a further consideration of the scope of evidence required to
inform a model. Systematic review search methods focus on the identification of direct
evidence for inclusion in a review. That is, the search aims to identify studies that seek to
address the same question as the review. In order to do so, the scope of the search strategy is
structured according to the specification of the PICO question. Whilst a model might address
the same PICO question as a systematic review, it does so within a broader analytic
framework that aims to reflect the complexity of the decision problem. In bringing together
evidence within this broader framework, models consider a wide range of evidence both
directly and indirectly related to the specified PICO question. In particular, models require
information in order to assess the impact of a technology over the course of a disease. As
such, the scope of relevant evidence is dictated by the definition of health states and events
within the model rather than by the underlying PICO question. For example, in terms of
evidence on effectiveness, costs and resource use, utilities, adverse events and baseline risk of
events, the scope of information required is not reflected explicitly in the PICO question but
is dictated by the treatment options, management of the disease and population characteristics
at all other stages of the disease pathway included in the model.

3.5 MAXIMISING THE RATE OF RETURN OF RELEVANT INFORMATION
The constraint of limited time and resources is probably the most frequently discussed barrier
to implementing a systematic process of searching to inform decision-analytic models. The
emphasis of systematic review search methods is on searching widely in order to maximise
sensitivity. As a result very little has been written in the HTA literature on how to minimise
systematically the retrieval of irrelevant information. As mentioned above, the implications
of not searching exhaustively have not been tested in the context of decision-analytic model
development. However, given that it is not common practice to apply comprehensive,
systematic review search methods consistently across the modelling process and given that
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the model development process requires generally the assimilation of a broad range of
information within a short time, the following techniques, summarised in Box 5 are suggested
as a means of maximising the retrieval of potentially relevant information and of minimising
the opportunity costs of managing irrelevant information. The techniques are suggested with
the caveat that, compared with the systematic review search approach, they all increase the
risk of missing potentially relevant sources of information.

Box 5: Search techniques for maximising the rate of return of relevant information

•

One-line filter searching

•

Restricting the number of sources searched

•

Restricting search terms to within specific fields

•

Lumping and splitting

•

Triangulation of different types of sources

•

High yield patches

•

Proximal cue or information scent searching

•

Information gathering using secondary or indirect retrieval

The inclusion of methodological filters to restrict search results to certain study types is an
established approach aimed at increasing the relevance of a search yield. Search filters can be
designed to maximise either the sensitivity or precision of this restriction. The choice of high
precision filters, sometimes referred to as ‘one-line filters’ can be used to maximise the
relevance of searches. The Hedges project at McMaster University has developed and tested a
set of searches filters, including one-line filters.30 The ISSG filters website is also an
important resource.24

Minimising the number of databases searched will reduce the number of references retrieved.
In addition, opting to search specialist databases should focus search results to studies with
specific characteristics. Such sources include CENTRAL, the Cochrane trials database, NHS
EED for economic evaluations. The Cochrane Handbook and the CRD guide to systematic
review methods provide information on the coverage of different databases.18

Restricting searches to specific fields within bibliographic databases is a commonly
recognised information retrieval technique aimed at maximising precision. For example,
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searching for relevant terms within the title of journal articles should minimise the retrieval of
irrelevant information. Depending on the nature and amount of information retrieved, a
decision or judgment can be made as to whether to extend the search across other fields, such
as the abstract, with a view to increasing sensitivity.

Conversely, searches with a broad scope, aimed at identifying evidence to satisfy a number of
more focussed information needs might be considered. Here, a decision about the granularity
of the search is made. A typical example in the context of decision-analytic models is to
search for health utility values across a whole disease in order to identify specific values
relevant to different health states within the pathway. Another example is to search for ‘costs’
as a broad concept instead of or preceding more focussed searches on specific cost
components within a detailed cost analysis. This technique, comparable to the practice of
‘lumping and splitting’ in the definition of review questions, is useful for conditions for
which there is not a large volume of evidence and where it would not be efficient to pursue a
separate search for each individual information need.

The triangulation of different types of information source might be used in preference to indepth searching within one type of source or might be used to inform a decision as to whether
to extend the search process. For example, cost information from a published source might be
compared with or judged alongside similar information from routine sources and information
derived from clinical experts. The purpose of triangulation would be to capture the level of
consistency or inconsistency across the breadth of a number of different types of information,
particularly in terms of research-based and non-research based information.

Existing cost-effectiveness models in the same disease area are frequently reported,
anecdotally, as important sources of information in gaining an understanding of the disease
area, for identifying possible modelling approaches and for identifying possible sources with
which to populate a model. This can be described as a ‘rich patch’ or ‘high yield patch’
whereby one source of information is used to satisfy a relatively high number of information
needs within the model. The previous experience of a project team in the same disease area or
similar type of decision problem is a variation of this type of high yield patch. Other high
yield patches might include systematic reviews, clinical guidelines and clinical experts. The
use of high yield patches can provide useful short cuts or can help cover a lot of ground
quickly in terms of gaining an understanding of a decision problem and a view of how it
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might be addressed within an analysis. However, it is important that consideration is given to
the limitations of a potentially rich source. For example, a previously published model might
provide useful information in terms of model structure or analytical approach but might be
poor in terms of sources with which to populate model parameters. It might limit the potential
to explore alternative analytical approaches to a similar decision problem. Lastly, it would be
necessary to justify the quality of any sources of information being used as a high yield patch.

Following trails of potentially relevant sources can provide an alternative approach to
searches that cast the net wide using broad keyword strategies. One form of this technique,
sometimes referred to as ‘snowballing’, is used in systematic review searching, whereby trails
of cited references are followed prospectively and retrospectively from a single or a series of
index sources. However, it is also possible to use any information from the source documents
as the starting point of an information trail. As such, a starting point might take the form of an
idea or concept, an author or a set of keywords. The starting point or points act as ‘proximal
cues’ which can be followed to further, similar, potentially relevant information. In the field
of information seeking behaviour this is referred to as following ‘information scents.’31

It has already been stated that information needs do not arise sequentially but that multiple
information needs might be identified at the outset of the modelling process or might arise
simultaneously during the course of developing the model. A useful way of handling multiple
information needs is to consider information retrieval as a process of information gathering
alongside a more directed process of searching. The pursuit of one information need might
retrieve information relevant to a second or third information need. The yield of this
‘secondary’ or indirect retrieval can be saved and added to the yield of a later more directed
retrieval process. Good communication and an understanding of the requirements of the
model across the whole project team will maximise the usefulness of the information
gathering approach.

The above techniques have not been formally tested in terms of their impact on the sensitivity
and precision of searches to inform models. They are however commonly accepted strategies
for managing the process of information retrieval. Whilst they are suggested as a means of
maximising the precision of a search, none of the techniques prohibits extensive searching
aimed at achieving a high level of sensitivity as all the techniques can be used iteratively to
extend the scope of the search until no further relevant items are being retrieved. They are
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suggested here as a means of encouraging a more systematic exploration of the broad scope
of evidence of potential relevance to a model and of providing an auditable search process
through which the judgements that direct the scope of information seeking processes can be
made explicit and more transparent.

3.6 DEFINING A SUFFICIENT SEARCH PROCESS
In considering what might constitute a systematic search process, this section has questioned
whether searches for models can or indeed should aim to achieve maximum sensitivity. If this
is not a practical or appropriate measure of the quality of a search then it is important to
consider what might constitute sufficient evidence or what might be justified as being a
sufficient search process in the context of modelling. Previous discussions have suggested
that a suitable definition might be not that searches should aim to identify every occurrence
of a predetermined focussed question, but rather that they should aim to identify the breadth
of information needs relevant to a model and sufficient information such that further efforts
to identify more information would add nothing to the analysis.19 This is more akin to the
idea of saturation than sensitivity and questions the idea that using a predefined, focussed
question to determine the scope of a search process is sufficient to support the inductive and
iterative process of model development.

The concept of sensitivity as a measure of the quality of a search or effectiveness of the
search process has a substantial influence on the field of search methods in HTA and
dominates the scope of empirical methods research in this area. As a consequence, very little
has been discussed or tested in relation to additional possible interpretations of what
constitutes a ‘good’ or sufficient search. In reality, very few searches undertaken to support
systematic reviews are or can be tested in terms of their true sensitivity. Instead, a transparent
and detailed description of the extensiveness of the search process acts as a proxy by which
the sufficiency of the search can be judged.

As mentioned previously in this section, the implications of not undertaking extensive
searching in terms of increasing the risk of bias in the model have not been tested empirically
in the context of modelling. However, the purpose of this document is to give guidance on
process in the absence of undertaking full systematic review searches. As such it is important
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to offer some discussion on the factors that might influence decisions to stop searching and
that might inform judgments as to whether a sufficient search process has been undertaken.

As previously suggested, the definition of a sufficient search process might be judged
according to the use of information within the model. The search process should be fit for the
purpose for which the information is being used. For example, the population of clinical
effectiveness parameters demands an extensive search process whilst the understanding of the
underlying condition or disease requires sufficient evidence but not every occurrence of
evidence to inform a relevant and acceptable representation of the disease pathway in the
model structure.

A sufficient search process might also be defined by the availability or lack of available
relevant information. If a relatively systematic search process exploring a number of different
search options has retrieved no relevant information it might be acceptable to assume that
further extensive searching will not be of value.

A further definition, which is suggested several times in the NICE Methods Guide, is to focus
on understanding the implications of the uncertainty generated by the evidence used,
including an analysis of any alternative sources identified but not used in the baseline
analysis of the model. The process of bringing together, within one framework, multiple and
diverse sources of evidence will bring with it unavoidable uncertainty that cannot fully be
understood or removed by comprehensive searching on every information need within the
model. An extension of this idea would be to use sensitivity analysis or some form of value of
information analysis to understand which information needs might have the greatest impact
on the outcome of the model. Sensitivity analysis could be used to determine where search
resources should be focussed. It could act as a device to prioritise areas for further rounds of
searching during the course of a modelling project or to make research recommendations for
more in depth searching and reviewing on specific topics to inform future models. It is
however important to note that the usefulness of this approach is dependent on the timing at
which this approach is undertaken within the model development process. A particular model
parameter which appears unimportant during the early stages of model development may
become more important as the model, and the other parameters specified therein, are further
developed and refined over time.
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3.7 REPORTING OF THE SEARCH PROCESS
It is recognised that the development of a model is not necessarily a reproducible process and
that different groups addressing the same decision problem might build different models,
neither of which is wrong and both of which can be an acceptable representation and analysis
of the decision problem (see Section 2.2). The aim of model reporting is to make the process
of model development transparent such that users of the model can judge whether it is a
plausible and acceptable explanation and analysis of the decision problem. The conceptual
model development approaches in Section 2 are intended to support this aim.

This issue is also relevant to the search process. Searches are not directed by a focussed,
structured question. The scope of relevant evidence is not fully predefined but emerges in the
course of model development. As such there is not a “right” or “wrong” set of evidence, but
an interpretation of what evidence is relevant to the scope of the decision problem. The
purpose of reporting searches is to make explicit the information seeking processes that have
underpinned the development of the model such that users of the model can understand how
sources of evidence came to be incorporated into the process and can judge whether the
model is based on a plausible or acceptable set of evidence.

The search process that supports the development of a model is not a series of sequential,
discrete information retrieval activities. The NICE Methods Guide describes a process of
‘assembling’ evidence and this reflects an iterative, emergent process of information
gathering.1 As such, it is difficult to report searches in a way that makes transparent all the
procedures or activities associated with assembling the evidence base. It is useful therefore to
provide an account of the main search activities together with an audit trail of how the
sources of evidence cited came to be identified. Two assessments undertaken to support
NICE appraisal decisions, and cited here as examples, have attempted to report both the main
search activities and provide an audit of all sources identified.22,32 Similar guidelines on
providing an audit of sources have also been developed.33

A comprehensive account of how every source of evidence came to be part of the modelling
process can be time consuming to generate and to read. In the absence of formal reporting
standards, judgements have to be made concerning how much information to include. The
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following are suggestions of reporting devices aimed at improving the transparency of the
process.
§

A brief table providing an overview of the main sources and searches from which the
evidence has been drawn. This can include searches to inform the systematic reviews
of clinical and cost-effectiveness, searches undertaken specifically for the model,
important ‘high yield’ patches such as existing models and expert opinion. A
hypothetical example is provided in Box 6.

§

Inclusion, if possible of judgements illustrating why specific search approaches have
been used, and why and when decisions have been made to stop searching.

§

An appendix of any directed searching, including keyword search strategies.

§

An appendix containing an audit table of all sources cited in the model, including a
brief reference, purpose (or purposes) for which the source has been used and brief
description of how the source was identified (e.g. from searches for systematic review
of clinical effectiveness etc.) A hypothetical example is provided in Table 3.

Box 6: Overview of sources consulted in the development and population of the model

•

Searches undertaken for review of clinical effectiveness (refer to relevant parts of
report)

•

Existing models and economic analyses (provide references)

•

Studies identified through the review of cost-effectiveness (refer to relevant parts
of report)

•

Studies identified through searches undertaken to inform the model (provide
appendix)

•

Reference sources (e.g. BNF, NHS Reference Costs) (provide references)

•

Expert opinion
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Table 3: Example of how to report and audit a table of all sources of evidence cited in support of a model

Source

How the source is used in

Identification process

the model
Reference to source

Estimate of cost X

Existing published model
(provide reference)

Reference to source

Baseline risk of event X

Searches undertaken to inform
model

Personal communication

Specification of treatment

Discussion with clinical advisor

scenarios

to project

3.8 CONCLUSION
Models of cost-effectiveness draw on a complex set of information comprising different types
of evidence. The nature of the sources to be searched, the need to manage simultaneously
multiple information needs and the need to work within the iterative modelling process make
it difficult to apply a discrete, sequential search approach based on clearly defined search
questions. The guidance in this section aims to give advice on factors that impact on the way
evidence is identified. These are summarised in Box 7. The section also provides suggestions
concerning how these factors might be managed within the search process in order that the
process of model development, and in particular the process of reviewing evidence for model
parameters, has access to a broad a range as possible of the available options within the
available time and resources.

Box 7 Factors that impact on the approach to identifying evidence to inform the development and
population of models

•

The process of model development generates multiple information needs that cannot
be satisfied by a single search strategy. Multiple information seeking strategies are
required.

•

Information needs are not wholly predefined but emerge and become clear during
the course of model development. The retrieval of information requires focussed,
directed searching but also relies on indirect retrieval and information gathering
techniques.
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•

The process of identifying and assembling evidence to support the network of
information needs should to be managed in order to audit how evidence used to
inform the model is identified and in order to make decisions about when an
information need has been satisfied.

•

A separate search is not required for each information need. A single search might
identify evidence to satisfy a number of information needs. Likewise, a single piece
of evidence might satisfy a number of information needs.

•

It is not possible to identify all evidence on every information need. However,
decisions about when to stop searching or what constitutes sufficient evidence
should be transparent and justified. Such decisions might be influenced by the
impact of information on the outputs of the model and by the availability of
evidence. Implications regarding the choice of evidence could be explored using
sensitivity analysis.

•

Information retrieval techniques aimed at high precision can be used with a view to
making searches more efficient, particularly given the need to manage multiple,
interrelated information needs. This does not preclude the possibility of searching in
more depth on information needs judged as being important to the outputs or
credibility of the model.

•

The process of model development will draw on different types of information and
evidence will take many different forms. This requires consultation and
interrogation of a wide range of information sources using a range of information
retrieval techniques and methods.

•

Information is used across the whole process of model conceptualisation and
population. The purpose for which evidence is used might determine the type of
information and the level of searching required.

•

The reporting of the search process should aim to provide an overview of the scope
of the evidence consulted and of the main information retrieval activities. In
addition it is useful to provide an audit of how evidence, cited in the model report,
came to be identified.
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4. REVIEWING EVIDENCE TO INFORM MODELS
4.1 UNDERLYING PRINCIPLES
The NICE Methods Guide1 states that the process of assembling evidence for health
technology assessment needs to be systematic. That is evidence must be identified, quality
assessed and when appropriate pooled using explicit criteria and justifiable and reproducible
methods. The Methods Guide goes on to state that evidence will be drawn from a variety of
sources, depending on the evidence need: “When assembling the evidence it is essential to
consider how bias can be minimised, especially when non-randomised studies are included.”1
The methods of systematic reviewing have been developed to minimise bias when assessing
the relative effectiveness of interventions. Some, but not all of these are relevant in this
context. Reviewing is essentially comprised of four key components: (1) searching, (2)
appraisal, (3) synthesis and (4) analysis, in this context that is the interpretation of the
findings and how successfully they have addressed the initial question to be answered by the
review.34 However, an important distinction exists between the contexts of conventional
systematic reviews of clinical effectiveness and reviewing activity to inform costeffectiveness models. Whilst a clinical effectiveness review can remain inconclusive,
especially when faced with bias, this situation is not the same within the context of reviewing
information for model development. Instead, choices must be made regarding the
identification, selection and use of evidence to inform models, and inevitably may lead to
questions regarding bias.

4.2 SELECTION AND PRIORITISATION OF PARAMETERS FOR REVIEWING EFFORT
Every model parameter will need to be estimated, therefore the choices made regarding the
values selected need to be explained and justified. The choice of estimate will often be made
according to some trade-off or weighing up of the available options, rather than according to
rigid, pre-defined criteria. This may be because an estimate is required and there will usually
at best be a range of options, all of which may fall short of what would be considered ideal to
differing degrees. In addition, it is not possible or appropriate to synthesise all the available
options due to heterogeneity and other factors. The nature of the trade-off between selecting
alternative parameter values will often include elements relating to quality versus relevance
for each option. The process of modelling draws out uncertainty and examines the impact of
that uncertainty on the decision problem under consideration. The bringing together of so
many components brings uncertainty. It is usual practice to explore, understand and explain
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the implications of uncertainty; this can include explaining the implications of choosing one
source of evidence over another. Given the above, procedures associated with undertaking
systematic reviews can be used to make the process of choosing evidence systematic and
transparent. However, given the differences between models and systematic reviews, the
purposes for which these procedures are undertaken and the sequence in which they are
carried out may differ. In addition, time and resource constraints will also impact on how
they are undertaken. A full systematic review is certainly not possible or even preferable for
all evidence needs within cost-effectiveness models due to time and resource constraints
within NICE technology appraisal process. In addition systematic reviewing approaches may
not be applicable for the selection of certain parameter values, such as costs due to very
limited appropriate sources of information. However, systematic approaches for the
identification and reviewing of evidence are needed. It is important that these processes are
transparent, justifiable and replicable. This is particularly important as the use of different
data sources to populate parameter values has been shown to have a marked impact on costeffectiveness results.23

Different types of evidence will be needed to populate model parameters including RCTs,
expert judgement, observational research, reference sources, such as drug formularies and
routine data among others.19 The complexities associated with identifying these data sources
have been described in detail in Section 3. Systematic reviewing techniques will not be
entirely appropriate for the reviewing of some of these types of evidence although some
aspects of the process may still be applicable, for example the use of a pre-defined quality
assessment tool. In order to provide information within the time and resource constraints of
NICE technology appraisals, it is important to be pragmatic about which parameters to
prioritise with regard to the allocation of reviewing time. Although some parameters will be
identified as important to the model early on in the process, the importance of some other
parameters will only be identified later.

4.3 REVIEWING METHODS
Due to time and resource constraints it may be necessary to use rapid review methods to
identify and select evidence to inform certain model parameters. Although rapid review
methods are not ideal due to the potential for missing relevant information, it is essential that
methods are reported in a transparent manner and that the limitations and potential biases,
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such as study selection bias introduced by these reviewing approaches are addressed.35
Various rapid methods have been described for the review of clinical effectiveness and some
of these may be applicable for the reviewing of model parameters. These include restricted
research questions, truncated search strategies and reduced use of peer review.36 Rather than
developing a formalised methodology to conduct rapid reviews, which may be inappropriate
and oversimplified, the authors suggest that transparent reporting of methods is essential.
Other potentially relevant rapid review methods in this context include reduced formal
quality assessment, data extraction of key outcomes only and reduced levels of synthesis.

Box 8: Rapid review methods for model parameters

•

Restricted research questions

•

Truncated search strategies

•

Reduced use of peer review

•

Data extraction of key outcomes only

•

Reduced levels of synthesis

•

Transparent reporting of methods including limitations and potential biases

4.4 MINIMISING BIAS
A variety of potential biases may be introduced through the process of reviewing evidence to
inform model parameters values. This may include biases introduced through the use of less
thorough searching and reviewing methods as well as biases through the selection of
evidence to create more or less favourable results. An important factor to reduce such bias is
to ensure that more than one member of the team is involved with making decisions where
choices about values need to be made. This is partly because there may be more than one
plausible option, and a joint decision may provide a more robust and systematic approach to
considering the advantages and disadvantages of each. This may include clinical advisors,
information specialists, systematic reviewers and modellers on the team. Through the use of
the Reference Case, the NICE Methods Guide provides guidance on the acceptable types of
information and sources to populate cost-effectiveness models within the technology
appraisal process; the identification of these sources is covered in some detail in Section 3 of
this document.
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4.5 HIERARCHY OF EVIDENCE SOURCES
Types of model parameters vary considerably, hence the sources of evidence appropriate to
each type will also vary considerably (see Table 2). Some have proposed the use of a
hierarchy of evidence sources for use in cost-effectiveness models as a means of judging the
quality of individual evidence inputs and informing processes of study selection23 (see Table
4). The hierarchy covers five common data elements for model parameters (1) clinical effect
sizes, (2) baseline clinical data, (3) resource use, (4) unit costs and (5) health utilities. Those
data sources with a rank of 1 are considered to be of the highest quality with 6 as the lowest
quality, although there is a lack of consensus on preferred sources of health utility values.23

However, whilst such hierarchies of evidence may be useful, they fail to incorporate the
quality of the individual studies identified,3 and contribute only to one part of the study
selection process, namely the assessment of quality. This represents only a narrow view of
what should be considered when selecting model parameter values. Various instruments and
checklists have been developed to inform assessments of risk of bias in RCTs37-39 and nonrandomised studies40,41 of effects that may generate components of data used to populate
parameters in economic models. Perhaps the most prominent amongst these instruments is
the Cochrane Risk of Bias tool, which can be applied both to RCTs and non-randomised
studies.42,43 However, these instruments are generally not applicable to the diverse range of
potential data sources that may be used to inform the model development process at different
stages. The Grading of Recommendations Assessment, Development and Evaluation
(GRADE) system offers some promise in this respect, as it provides a consistent framework
and criteria for rating the quality of evidence collected (or derived) from all potential sources
of all data components that may be used to populate model parameters, including researchbased and non-research based sources (e.g. national disease registers, claims, prescriptions or
hospital activity databases, or standard reference sources such as drug formularies or
collected volumes of unit costs).44-46 Consistent with the hierarchy proposed by Coyle and
colleagues, GRADE allows flexibility in the quality assessment process to include additional
considerations alongside internal validity, including (crucially for most data components used
to populate model parameters) applicability to the specific decision problem at hand, which is
part of the ‘indirectness’ criterion in GRADE.47
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It is also important to note that the NICE Methods Guide1 (Sections 5.3 to 5.5) sets out the
Institute’s preferences for certain parameters such as for effectiveness data, utilities and
resource costs.
Table 4: Hierarchies of data sources for health economics analyses 23

Rank

Data Components

A

Clinical effect sizes

1+

Meta-analysis of RCTs with direct comparison between comparator therapies, measuring
final outcomes

1

Single RCT with direct comparison between comparator therapies, measuring final
outcomes

2+

Meta-analysis of RCTs with direct comparison between comparator therapies, measuring
surrogate outcomes*
Meta-analysis of placebo-controlled RCTs with similar trial populations, measuring final
outcomes for each individual therapy

2

Single RCT with direct comparison between comparator therapies, measuring surrogate
outcomes*
Single placebo-controlled RCTs with similar trial populations, measuring final outcomes for
each individual therapy

3+

Meta-analysis of placebo-controlled RCTs with similar trial populations, measuring
surrogate outcomes*

3

Single placebo-controlled RCTs with similar trial populations, measuring surrogate
outcomes* for each individual therapy

4

Case-control or cohort studies

5

Non-analytic studies, for example, case reports, case series

6

Expert opinion

B

Baseline clinical data

1

Case series or analysis of reliable administrative databases specifically conducted for the
study covering patients solely from the jurisdiction of interest

2

Recent case series or analysis of reliable administrative databases covering patients solely
from the jurisdiction of interest

3

Recent case series or analysis of reliable administrative databases covering patients solely
from another jurisdiction

4

Old case series or analysis of reliable administrative databases. Estimates from RCTs
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5

Estimates from previously published economic analyses: unsourced

6

Expert opinion

C

Resource Use

1

Prospective data collection or analysis of reliable administrative data from same jurisdiction
for specific study

2

Recently published results of prospective data collection or recent analysis of reliable
administrative data – same jurisdiction

3

Unsourced data from previous economic evaluations – same jurisdiction

4

Recently published results of prospective data collection or recent analysis of reliable
administrative data – different jurisdiction

5

Unsourced data from previous economic evaluation – different jurisdiction

6

Expert opinion

D

Unit costs

1

Cost calculations based on reliable databases or data sources conducted for specific study –
same jurisdiction

2

Recently published cost calculations based on reliable databases or data sources – same
jurisdiction

3

Unsourced data from previous economic evaluation – same jurisdiction

4

Recently published cost calculations based on reliable databases or data sources – different
jurisdiction

5

Unsourced data from previous economic evaluation – different jurisdiction

6

Expert opinion

E

Utilities

1

Direct utility assessment for the specific study from a sample:
a) of the general population
b) with knowledge of the disease(s) of interest
c) of patients with the disease(s) of interest
Indirect utility assessment from specific study from patient sample with disease(s) of
interest: using tool validated for the patient population

2

Indirect utility assessment from a patient sample with disease(s) of interest: using a tool not
validated for the patient population

3

Direct utility assessment from a previous study from a sample:
a) of the general population
b) with knowledge of the disease(s) of interest
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c) of patients with the disease(s) of interest
Indirect utility assessment from previous study from patient sample with disease(s) of
interest: using tool validated for the patient population
4

Unsourced utility data from previous study – method of elicitation unknown

5

Patient preference values obtained from a visual analogue scale

6

Delphi panels, expert opinion

Adapted from Coyle & Lee and Cooper and colleagues 5,11
* Surrogate outcomes = an endpoint measured in lieu of some other so-called true endpoint
(including survival at end of clinical trial as predictor of lifetime survival).

The definition of what is required may be based on an initial understanding of what will
constitute relevant evidence. The objective is to identify a set of possible options from which
choices will be made. Alternatively, strict selection criteria may initially be applied. If no
relevant studies are identified these criteria can be broadened. The approach can be flexible
depending on the types of information needed. Both approaches may be useful, however it is
important to explain the process used and why it was chosen in order to justify the choices
and maintain transparency. For many parameters there may be very few sources and potential
studies to use or alternatively many good quality studies to choose from. If several potentially
relevant studies are identified, slightly stricter selection criteria can be applied. For large
numbers of sources, study selection using standard systematic review processes of screening
for titles, abstracts and full texts can be used as described in a review of health state utility
values for osteoporosis.25 It is important to be as transparent as possible about the judgements
being made when selecting studies (for example, stating which studies were deemed to be
most relevant to UK clinical practice or the patients were most similar to those described in
the scope). That is, the decision will include issues of relevance as well as other factors such
as methodological quality. Study selection should ideally be made by more than one person
in order to reduce the potential for study selection bias. As with systematic reviews of clinical
effectiveness, the reliability of the decision process is increased if all papers are
independently assessed by more than one researcher.17 This potentially encourages a
systematic thinking through of the different factors underlying selection.

Usually, as part of the clinical effectiveness systematic review, a comprehensive database is
developed which will often contain references which may be considered relevant for
informing a model’s parameters. It may be helpful for the reviewer to identify or tag
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references of potential relevance to the model. These may either form a set of useful sources
or be a useful starting point for identifying further sources as described in Section 3.5. The
danger associated with this approach is that the modeller makes an assumption that all
relevant studies have been identified from the searches when in fact some may have been
missed. Good communication within the team can help to prevent this. A system of checking
a sample of references to ensure a common understanding between the reviewer and modeller
may also be helpful.

Box 9: Study selection

•

The NICE Methods Guide (sections 5.3 to5.5) sets out its preferences for certain
parameters such as for effectiveness data, utilities and resource costs

•

Hierarchies of evidence can be considered when selecting studies

•

Judgements around study selection should be as transparent as possible

•

Selection criteria may need to be flexible

•

Study selection should ideally be made by more than one person

4.6 ASSESSMENT OF EVIDENCE AND DATA EXTRACTION
Selection of evidence will often be a series of steps, first an initial selection of potential
evidence followed by further selection choices. Evidence for model parameters will need to
be assessed on the basis of relevance as well as quality. By assessing relevance first, a large
number of studies may be eliminated. Criteria for relevance are ideally established a priori
for example, studies which report disease-free survival for patient group A in population B
might be considered relevant for a specific model parameter. However, it is important to
recognise that it is not possible to have pre-specified criteria for every parameter as
information needs will change and information that was not expected may be identified
iteratively. Relevance criteria may also change throughout the project and flexibility is
essential. Anticipated evidence requirements, as perceived during the earlier stages of model
development, can be set out during the conceptual modelling stage. When the final model is
developed it is important to be clear how this deviated from the initial plan and why. For
example, a modeller may want to identify EQ-5D health valuation studies undertaken within
a particular population but only identify one such study in a slightly different population. The
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modeller is then faced with a choice of using this study or perhaps mapping available SF-36
data even though these studies may have initially been deemed to be less appropriate.

After appraising studies for relevance, they can then be assessed for quality, preferably using
standardised quality assessment tools. In this context, quality assessment may be difficult due
to the absence of standardised methods for all types of information used to populate the
model. Also, some studies may be poorly reported. It may be possible to establish quality
assessment criteria a priori and may include for example study recruitment procedures,
inclusion and exclusion criteria, description of the background characteristics of the sample
population from whom values are obtained, response rates and follow-up data for utility
studies.25 Other issues to consider may include the type of reporting (self or proxy), follow-up
rates, number of patients, location, method of elicitation among other issues. Establishing
very broad a priori criteria may be necessary initially; these criteria may change according to
the availability and relevance of existing evidence. It is important to be clear about the factors
or criteria that drove the choice and to examine the implications of that choice. For example,
“there were five options and we chose one because of the reasons a, b and c.” This level of
transparency will allow judgements to be made as to whether or not a reasonable choice has
been made. As it can be very time consuming to judge the quality of all potentially relevant
studies, adjusting them according to relevance and rigour may not be practical. Some types of
data are of potentially very poor quality and it can be very difficult to identify appropriate
sources of information, for example for cost data. These are not limitations of the costeffectiveness model but rather of the evidence base and as such these evidence gaps should
be exposed and reported.

Data extraction is undertaken in this context to potentially inform the choice of information
source. Data to be extracted from studies may include study date, information on disease area
and patients (age, sex, co-morbidities), study methods, outcomes and other important
descriptive details. This can be set out a priori and presented in a way to make it easy for the
reader to compare and contrast the included studies, for example using tables and/or graphs.
This level of detail is not appropriate for all parameter values but should be reserved for those
decisions whereby none of the available studies are clearly superior or whereby evidence
available is notably weak. When extracting data from studies it is important to provide
information for all of the potentially relevant studies. By providing a summary of potentially
relevant studies, the reader is able to assess the study differences and heterogeneity more
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accurately and see the spread of evidence. Information from the studies not chosen may be
used to inform the sensitivity analysis. In evidence synthesis there will be some heterogeneity
associated with the chosen studies; sensitivity analyses around these estimates may be
necessary. The difference in inclusion and exclusion criteria should be sufficiently clear and
concise to make the process reproducible. Inconsistencies between different estimates should
be represented. It may be useful to provide a table of potential studies and graphically display
values describing the sources from which they were derived. Although the results presented
may be wide, this can show where the differences in the utility values between disease stages
or different baseline event rates for example, are driving the model results. It is recognised
that these suggestions may be quite time consuming and there may be time and reporting
constraints within a technology assessment report. However, the overriding objective should
be to present the information as transparently as possible.

Box 10: Assessment of evidence

•

Assessing relevance before quality of studies can reduce the number of studies that
need to be assessed

•

Where available standard quality assessment tools can be used to assess study quality

•

Selected studies can be presented in a tabular format

•

The more important model parameters or those where the choice is not clear should be
given additional attention during model reporting

4.7 SYNTHESIS AND ANALYSIS
Practical guidance surrounding evidence synthesis is covered in detail elsewhere in the series
(TSDs 1-7) and is therefore not reproduced here. For many types of model parameters, the
issue of synthesis may not be considered relevant due to study heterogeneity. Often only one
or two values are appropriate for use in populating a model parameter. The issue of synthesis
obviously becomes important when there are more than one or two potentially relevant
studies. A decision needs to be as to whether a complex synthesis method may provide a
meaningful value for a parameter. In some instances however, it may be simpler and more
defensible to select the value from the most appropriate and relevant study as opposed to
using a weighting system for pooling estimates. In instances whereby a quantitative synthesis
is not undertaken, this should be justified explicitly. Exploration of the use of alternative
values is best explored via sensitivity analyses as described above.
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With respect to analysis, which in this context refers to the interpretation of the findings, it is
important to give some consideration to all of the potentially relevant values identified to
inform the model parameters. This would include issues such as whether or not the patient
population in the selected studies was representative of the population in the model, and if
not, what were the differences as well as other concerns or issues with the included data. This
information provides the foundation for sensitivity analyses which will be undertaken to
examine the importance of uncertainty within the model.

4.8 REPORTING OF REVIEWING METHODS
Owing to time constraints, it may not be possible to provide a full description of the review
process and criteria used for every model parameter, it is good practice to provide some
description of the process used. This may include information such as the number of
researchers involved in the study selection process and the justification for the selection of
particular studies. It is particularly important to provide descriptions of the process where
decisions have been particularly difficult, or where other credible or plausible values might
have been chosen. A balance is required between providing sufficient information for the
process to be replicable and transparent, and producing a document that is readable, useful
and of a manageable size. One means of ensuring that the Assessment Report or submission
is of a manageable size is through the use of appendices. The reader can be directed to
appendices to find the process for the identification and choice of specific parameters. A form
could also be used for each parameter value listing key information for each. Suggested
reporting requirements include a list of the parameters in the model together with the method
of evidence identification, details of the selection process of evidence and information on the
quality and relevance of selected evidence.33 More thorough reporting is required for those
parameters deemed to be most important in the model. Some information, such as changes to
the model, the introduction or removal or parameter values may not necessarily be presented
in the final report however it is useful to retain this information as a record of the process for
future reference. This is particularly useful when the project is revisited.

4.9 PLANNING AND PROJECT MANAGEMENT
This section puts forward some suggestions for planning and project management. Many of
these suggestions are relevant for all aspects of the model development process. Approaches
63

for the identification and reviewing of evidence will differ across each individual decision
problem, centre and team. However, good communication within the project team and
planning are usually key components of the process. This is an iterative process, hence there
needs to be a clear understanding of roles and responsibilities at the beginning of the project
for all team members.

Although it is important that the process is not “data driven” changes will need to be made to
the model structure depending on what data is or is not identified to populate parameters. The
model will be modified and understanding will change as the project progresses. A
considerable amount of time is spent on the clinical effectiveness review and the importance
of some parameters only becomes apparent during the later stages of model development.
Due to time and resource constraints it may be necessary to use very rapid reviewing
methods, that is, data extraction and quality assessment may need to be limited.

As suggested in Sections 3.3 and 3.4, the anticipated information needs for the model can be
set out as part of conceptual model development. This will need to be revisited throughout the
project as information needs change as an understanding of the disease area is improved and
the model is developed. The whole team can be involved in identifying potentially useful
sources of information. It may help to develop a plan or protocol with a timetable for every
part of the project. Although this may be time consuming, everyone is clear what is expected
of them and what information needs are their responsibility. It is very useful to plan in
contingency time for unexpected information needs as the project progresses.

Clinical experts are important in the identification and choice of parameters. This may
include a wider group of people who are involved in caring for patients. Such input may be
particularly useful in instances whereby searches fail to identify any relevant information.
Clinicians may be able to provide values or identify areas to search for evidence. They and
other researchers can serve as a reality check to ensure that important information has not
been missed and that the values used are the most appropriate. Peer review may also be used
to challenge the model parameter values employed within the model.
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Box 11: Project management

•

Good team communication and planning is essential

•

Protocols or project plans may be useful

•

Use of clinical experts is crucial

•

Peer review should be considered

5. RECOMMENDATIONS
5.1 RECOMMENDATIONS FOR PRACTICE
The following are a set of suggested recommendations for practice. These are not intended to
be prescriptive but offer practical options to help improve the systematicity and transparency
of the model development process.

Recommendations related to problem-oriented disease process and service pathways models
•

Develop the structure of the conceptual model using clinical guidelines and clinical
experts.

•

Use other clinical experts not involved in model development to provide peer review
and to check understanding of the conceptual model.

•

The precise graphical approach for presenting the conceptual model is important only
in that the model should easily understood by clinical experts and other individuals
involved in the model development process.

•

It may be beneficial to present the model in both diagrammatic and textual forms
using non-technical, non-mathematical language.

•

The feasibility and acceptability of the design-oriented conceptual model should have
no bearing on this phase (once the problem-oriented model is considered adequate
there should be no need to iterate between the two types of conceptual model).

Recommendations related design-oriented conceptual models
•

The design-oriented conceptual model should be developed initially prior to the
development of the ‘hard’ quantitative model. It should, however, be modified within
an iterative process upon development of the ‘hard’ quantitative model.
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•

Model development involves making a large number of decisions and judgements.
Not every decision or judgement made during model development will be important.
The key decisions are likely to be those whereby the implemented model clearly
deviates from the problem-oriented models (e.g. a part of the system is excluded) or
whereby several alternative choices exist but none of which are clearly superior (i.e.
structural uncertainties). These decisions should be clearly documented and reported.

•

The sources of evidence used to inform model structure and the methods through
which this information is elicited should be clearly reported.

•

Where possible, alternative model development choices should be tested to assess
their impact upon the model results. This will not however always be possible or
feasible.

Recommendations related to the identification of evidence
•

The information seeking processes underpinning the development of a model should
be systematic and explicit. This includes the identification of evidence to inform the
population of model parameters and the identification of key information used for the
conceptual model and the specification of the model structure or analytical
framework.

•

The processes of identifying and selecting evidence should be transparent. Users of
the model should be able to judge whether sufficient effort has been made to identify
an acceptable set of evidence on which to base the model and that sources of evidence
have not been identified serendipitously, opportunistically or preferentially.

•

Information to inform this judgment could include the reporting of search strategies,
an audit of how individual sources of evidence were identified, information on
alternative sources and an assessment of the impact of the limitations of the evidence
base or of alternative sources on the outputs of the model.

•

Given restrictions on time and resources, consideration should be given to the use of
search techniques that are aimed at maximising the rate of return of potentially
relevant information. Justification of the use of these techniques and consideration of
the implications in terms of missing potentially relevant information should be given.

•

Decisions relating to the prioritisation of key information needs and judgments
relating to when to stop searching should be transparent.
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Recommendations related to the reviewing of evidence
•

Reviewing effort should be prioritised around the important model parameters and
reviewing methods chosen commensurate with the parameter’s importance. Caution is
however advised as the importance of certain model parameters may change as other
parts of the model are developed and refined.

•

Study selection processes should be clearly reported. There should be transparency
about what judgements have been made regarding study selection.

•

In selecting evidence for the value of a parameter, relevance may be more important
than study quality. However, whatever basis by which the parameter is selected,
sources of bias should be carefully considered and where possible taken into account
in sensitivity analyses during the modelling process.

•

Evidence needs may be set out at the beginning of the reviewing process and changes
to these needs documented.

•

More detailed reviewing methods may be reported where the evidence is notably
weak or where no clearly superior study was identified.

5.2 RECOMMENDATIONS FOR FURTHER RESEARCH
The following are areas where further research is needed:
•

Compilation of information resources, including routine data sources and other nonresearch based information, aimed at improving access and exploitation of this
difficult to find information.

•

Development and evaluation of search procedures specific to the task of developing
models of cost-effectiveness.

•

Development and evaluation of procedures aimed at maximizing the rate of return of
the search process. Evaluation to include the implications or impact of not
undertaking searches aimed at high sensitivity.

•

Exploration of the concept of sufficient evidence or a sufficient search process in the
context of modelling, with a view to informing the development of search stopping
rules.

•

Development of reviewing methods for non-standard sources of evidence.

•

Development of reporting standards for the whole process from the conceptualisation
of the model to reporting the outcomes using real world examples.
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•

Sensitivity to a particular model parameter might be the focus for second round
parameter searches and the evidence systematically reviewed as a subsequent research
project.
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