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Chapter 1
Introduction

Kevin Marsh, Mireille Goetghebeur, Praveen Thokala, and Rob Baltussen

Abstract Multi-criteria decision analysis (MCDA) has the potential to support
better healthcare decision making. But a number of challenges need to be overcome
before it can achieve its potential. These are both technical — which weighting
methods are most appropriate and how should uncertainty be dealt with — and political,
the need to work with decision makers to get their support for such approaches. This
collection is a first attempt to identify and address these challenges by bringing
together MCDA practitioners from what has to date been a relatively fragmented
research community. This introductory chapter describes the potential of MCDA in
healthcare; provides an outline of the chapters in the collection, the process of
developing the collection; and identifies key question, the answers to which will
determine the future direction of MCDA in healthcare.

1.1 Introduction

Increased awareness of how multi-criteria decision analysis (MCDA) can support
healthcare decision making has resulted in an increased interest in and application
of MCDA in healthcare. As with any new technique, however, achieving the potential
of MCDA in healthcare faces a number of challenges. To those unfamiliar with
MCDA, the diversity of approaches and uses can often be a barrier to its use,
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2 K. Marsh et al.

making it difficult to understand what it is and how it can best be used. This obstacle
is compounded by the fragmented nature of the MCDA research community, with
practitioners coming from different academic and policy backgrounds, recommending
different approaches and there being no space for this community to meet, share
ideas, learn from each other and develop a more coherent vision for the application
of MCDA in healthcare. We envisioned this collection of papers as a first step in
overcoming some of these obstacles.

MCDA is the collective heading for several analytical techniques used to support
decision making in the context of multiple, conflicting criteria (Belton and Stewart
2002). These techniques support decision makers to agree which assessment criteria
are relevant, the importance attached to each and how to use this information to
assess alternatives. By doing so, they can help increase the consistency, transparency
and legitimacy of decisions.

MCDA comprises a broad set of methodological approaches, originating from oper-
ations research, yet with a rich intellectual grounding in other disciplines (Kaksalan
etal. 2011). They are widely used in both public- and private-sector decisions on trans-
port, immigration, education, investment, environment, energy, defence, etc. (Dodgson
et al. 2009). The healthcare sector has been relatively slow to apply MCDA. But as
more researchers and practitioners have become aware of the techniques, there has
been a sharp increase in its healthcare application (Diaby et al. 2013; Marsh et al. 2014).

The application of MCDA to healthcare should be seen as a natural extension of
evidence-based medicine (EBM) and associated practices, such as health technology
assessment. Over the past 40 years, the provision of healthcare has been revolutionised
by the use of EBM — the systematic reviewing, appraisal and use of clinical research
to aid the delivery of optimum clinical care to patients (see Belsey 2009). Whilst the
achievements of EBM are not to be underestimated, it has to date only addressed
part of the challenge facing healthcare decision making — the rigorous measurement
of the performance of alternatives. This emphasis of EBM is continued by MCDA.
But MCDA also provides a set of techniques for determining which elements
of performance should be measured, how stakeholder preferences for changes
performance should be elicited and how data on performance and preferences
should be combined to assess alternatives. By doing so, MCDA allows the rigour
which EBM has brought to the quantification of performance to be extended to the
understanding of stakeholders preferences (Weernink et al. 2014).

Healthcare decisions are rarely simple, involving multiple factors, multiple
options, imperfect information and diverse stakeholder preferences. EBM has
established the importance of rigorous measurement of alternatives against multiple
factors. Using this information can, however, still involve significant cognitive
burden. Decision makers have difficulty processing and systematically evaluating
relevant information, a process that involves trading off between multiple factors. In
these circumstances, relying on informal processes or judgements can lead to
suboptimal decisions (Baltussen and Niessen 2006). MCDA provides support and
structure to the decision-making process to overcome such challenges.

A challenge for users of MCDA, however, is that there are many different MCDA
methods available; the current field is fragmented, with methods being selected
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based on researchers’ background and previous experience, rather than a systematic
consideration of the ‘best’ approach; and there is little guidance on how to choose
between the available approaches (Marsh et al. 2014). The objective of this collection
is to support the use of MCDA in healthcare by, for the first time, bringing together
researchers specialising in numerous approaches and healthcare decisions and
giving the reader the benefit of this rich experience. To support the reader to select
between MCDA techniques, we illustrate and critically appraise this diversity of
MCDA approaches as applied to healthcare, summarise the ethical and theoretical
foundations of MCDA and offer good practice guidelines when using MCDA in
healthcare to help the reader select between MCDA techniques.

1.2 Process of Developing the Book

We were approached by Springer in April 2014 to produce a collection of papers on
MCDA, specifically ‘Healthcare Decisions Supported by Multi-Criteria Decision
Analysis’. Our first steps were to put together an outline of the book (see below),
develop a brief description of each chapter and identify authors who we would ideally
want to lead the writing of each chapter. We were delighted at the response from our
lead authors, who were all enthusiastic about contributing to the collection.

In what is quite unusual for most books, we were able to organise a face-to-face
workshop to bring authors together to present and discuss their chapters. The
workshop was held in Amsterdam late June 2015 and was made possible by funding
from Radboud University Medical Center, through a personal VICI grant obtained
by Rob Baltussen from the Netherlands Organisation for Scientific Research
(NWO). There was a great turnout, with all but one of the chapters being
represented by an author. All the chapters were presented, received comments from
a nominated discussant (lead author from another chapter) and discussed by the
attendees. This workshop provided everyone with a better idea of how the collection
is structured, where their chapters fits in, and with comments to take on board as
they finalised their chapters. We would like to thank Evelinn Mikkelsen for her
support in organising this workshop.

1.3 Outline of the Book

This book is organised into different sections, each with a different emphasis.
Before we get into the detail, it should be noted that most of the examples presented
in the book are weighted-sum MCDA models (value measurement approaches).
Whilst we acknowledge that there are other MCDA approaches (see Chapter 15 for
an overview of these non-value measurement methods), most of the applications of
MCDA in healthcare are value measurement methods, and thus, this has also been
the focus of this book.
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Section one presents the foundations of MCDA as it is applied to healthcare
decisions, providing guidance on the ethical and theoretical underpinnings of MCDA,
and how to select MCDA methods appropriate to different decision settings. Chapter
2 presents the theoretical foundations, and Chapter 3 presents the ethical aspects of
MCDA in healthcare. Chapter 4 highlights the diversity of weighting/scoring methods
in MCDA and addresses their relative merits and weaknesses. Chapter 5 considers
alternative approaches for dealing with uncertainty in MCDA.

Section two comprises a collection of case studies spanning the decision
continuum, including portfolio development, benefit-risk assessment, health
technology assessment, priority setting, resource optimisation, clinical practice and
shared decision making. Chapter 6 presents optimisation of a robotics research and
development portfolio using MACBETH. Chapter 7 illustrates the use of MCDA for
benefit-risk analysis of drugs. Chapter 8 presents the experiences of Health
Technology Assessment (HTA) agencies with MCDA in Colombia, Italy and
Belgium. Chapter 9 presents the experiences of using MCDA for priority setting in
low- and middle-income countries. Chapter 10 presents a case study of the use of
MCDA for resource allocation in South Yorkshire, UK. Chapter 11 presents the use
of conjoint analysis and analytic hierarchy process for shared decision making in
clinical settings. Chapter 12 highlights the similarities between health research
priority setting and health intervention priority setting and presents suggestions for
future methodological research. Chapter 13 presents applications of MCDA for
clinical practice guidelines and clinical research prioritisation.

Section three explores future directions in the application of MCDA to healthcare.
Chapter 14 highlights the issues and opportunities associated with the use of MCDA
within HTA. Chapter 15 presents the non-value-based measurement methods and
when conditions under which they would be appropriate. Finally, Chapter 16 pres-
ents the good practice general principles that need consideration during the design,
conduct and analysis of MCDA in healthcare.

1.4 Future Direction

This collection presents the current state of reflection, knowledge and applications
on MCDA for healthcare decision making worldwide. Future developments rest on
providing clear answers to simple questions: Why do we need MCDA in healthcare?
What can it bring? Is it worth it?

As healthcare users, providers and payers around the world are facing critical
ethical dilemmas, current decision-making approaches are reaching their limits.
EBM was developed to ensure best choices at a clinical level, health economics to
ensure informed allocation of resources and HTA to ensure best choices and health
system sustainability. However, the need to go beyond these approach is highlighted
by the controversy on an ‘acceptably cost-effective’ treatment for hepatitis C, which
is challenging the sustainability of healthcare systems worldwide (Neuman and
Cohen 2015) and issues raised by the reimbursement of treatments for patients with
rare diseases which require consideration of many aspects that are not formally
contained in current HTA methods (Wagner et al. 2016). Our time calls for ways to
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define value of interventions based on the social values on which healthcare
systems are founded to guide prioritisation and investment in interventions with
highest value and disinvestment of those with low value. MCDA is poised to build
on EBM and HTA to provide an integrative methodology to help tackle these
current challenges and transition into healthcare of the twenty-first century.

As illustrated in the present collection, MCDA offers a structured approach to
support reasonable and accountable decision making (Daniels and Sabin 1997).
Doing this at either individual or collective levels, it can support many decisions to
improve population outcomes and promote sustainability, including shared decision
making, clinical research, clinical practice guidelines, portfolio development, health
technology assessment, priority setting and resource optimisation.

Transitioning to a wider use of MCDA will require some adaptation to address
healthcare specificities. Technical aspects of MCDA will have to be developed with
the end of healthcare decision makers in mind. This will require answer to the following
questions: Whose preference matter for different decisions? Which weighting
methods are most appropriate for different decisions? How can uncertainty in MCDA
be dealt with to support decision makers? How can opportunity cost be measured in
a MCDA framework? Research and debates are required on best approaches to tackle
these issues.

Beyond the technical questions, further work is required to manage decision
makers’ concerns about the function of MCDA. Specifically, decision makers may
have the perception that MCDA is a way to replace reflection and to algorithmically
make decisions. It is important to educate decision makers that MCDA is designed
to support reflection to ensure balanced and accountable decision-making processes.
Decision makers should also be engaged on the principles that inform decision
making and how these relate to the assumptions underlying alternative MCDA
approaches.

In conclusion, MCDA can help us develop a healthcare system focused on what
truly matters to patients and populations, in a fair and sustainable manner. Given
this potential, the time has come for MCDA developers and users to answer the
above questions and demonstrate the value that these methods can bring. We hope
this collection is a first step in the process, demonstrating where MCDA has been
used in healthcare to date, drawing the lessons from this experience and identifying
the research agenda required for MCDA to achieve its potential.
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Chapter 2
Theoretical Foundations of MCDA

Dean A. Regier and Stuart Peacock

Abstract Decision-makers in the healthcare sector face a global challenge of
developing robust, evidence-based methods for making decisions about whether to
fund, cover, or reimburse medical technologies. Allocating scarce resources across
technologies is difficult because a range of criteria are relevant to a healthcare
decision, including the effectiveness, cost-effectiveness, and budget impact of the
technology; the incidence, prevalence, and severity of the disease; the affected
population group; the availability of alternative technologies; and the quality of the
available evidence. When comparing healthcare technologies, decision-makers
often need to make trade-offs between these criteria. Multi-criteria decision analysis
(MCDA) is a tool that helps decision-makers summarize complex value trade-offs
in a way that is consistent and transparent. It is comprised of a set of techniques that
bring about an ordering of alternative decisions from most to least preferred, where
each technology is ranked based on the extent to which it creates value through
achieving a set of policy objectives. The purpose of this chapter was to provide a
brief overview of the theoretical foundations of MCDA. We reviewed theories
related to problem structuring and model building. We found problem structuring
aimed to qualitatively determine policy objectives and the relevant criteria of value
that affect decision-making. Model building theories sought to construct consistent
representations of decision-makers’ preferences and value trade-offs through value
measurement models (multi-attribute value theory, multi-attribute utility theory, and
the analytical hierarchy process), outranking (ELECTRE), and reference (weighted
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and lexicographic goal programming) models. We conclude that MCDA theory has
largely been developed in other fields, and there is a need to develop MCDA theory
that is adapted to the healthcare context.

2.1 Introduction

Decision-makers in the healthcare sector face a global challenge of employing
robust, evidence-based methods when making decisions about whether to fund,
cover, or reimburse medical technologies. Historically, technology assessment
agencies promoted cost-effectiveness analysis as the primary decision aid for
appraising competing claims on limited healthcare budgets. The recommended
metric to summarize cost-effectiveness, the incremental cost-effectiveness ratio
(ICER), has the incremental costs of competing technologies in the numerator and
quality-adjusted life years (QALY) gained in the denominator (Drummond 2005).
Judgment surrounding value for money is determined against a cost-effectiveness
threshold, which represents the opportunity cost to the healthcare sector of choosing
one technology over another. While cost-effectiveness analysis is a necessary
component when informing resource-constrained decisions, it is not a sufficient
condition. This is because a range of criteria are relevant, including the incidence,
prevalence, and severity of the disease; the population group affected; the availability
of alternative technologies; the quality of the available evidence; and whether the
technology contributes technological innovation (Devlin and Sussex 2011).
Technology assessment agencies have gone as far as publishing the criteria they
consider in their decision-making contexts, including how each criterion may be
reflected in funding decisions (NICE 2008; Rawlins et al. 2010).

Publishing the criteria that decision-makers consider when setting priorities can
provide clarity for stakeholders on how committees make decisions (Devlin and
Sussex 2011). Making explicit the extent to which decision criteria influence
program funding will enhance the legitimacy, transparency, and accountability of
decisions and will encourage public trust in the decision-making process (Regier
et al. 2014a; Rowe and Frewer 2000). Further, it will improve the consistency of
decisions, can provide an opportunity for decision-makers to engage the public, and
can serve to sharpen the signal to industry about what aspects of innovation are
important and where research and development efforts should be directed (Devlin
and Sussex 2011).

Multi-criteria decision analysis (MCDA) represents a set of methods that
decision-makers can use when considering multiple criteria in priority-setting activities.
It is a decision aid that helps stakeholders summarize complex value trade-offs in a
way that is consistent and transparent, thus leading to fairer decision-making
(Peacock et al. 2009). MCDA makes explicit the criteria applied and the relative
importance of the criteria. As such, MCDA is a process that integrates objective
measurement with value judgment while also attempting to manage subjectivity
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(Belton and Stewart 2002). To enable these goals, the theories and methodologies
supporting MCDA need to allow for both the technical and nontechnical aspects of
decision-making; they need to include sophisticated quantitative algorithms while
also providing structure to a decision-making process. All help to promote the
replicability and transparency of policy decisions (Belton and Stewart 2002).

The purpose of this chapter is to provide an overview of the theoretical foundations
of MCDA. Particular attention is given to two key parts of MCDA: problem
structuring and model building. Problem structuring refers to determining policy
objectives through methods that illuminate the policy-relevant criteria. Model
building requires constructing consistent representations of decision-makers’
values and value trade-offs. MCDA theory in healthcare is under-researched - for
this reason, we draw on theories developed in other disciplines in the following
sections.

2.2 Principles of MCDA and Decision-Making

MCDA begins with decision-makers encountering a choice between at least two
alternative courses of action. A key principle of MCDA is that decision-makers
consider several objectives when judging the desirability of a particular course of
action (Keeney and Raiffa 1993). It is unlikely that any one program will satisfy all
objectives or that one course of action dominates another. Each program will meet
the policy objectives at different levels, and trade-offs will be inherent when making
decisions (Belton and Stewart 2002). Policy objectives can be thought of as the
criteria against which each program is judged. Choosing one program over another
will entail opportunity cost. The decision is one where multiple objectives (criteria)
need to be balanced and acceptable. The aim of decision-makers is to make the best
choice between alternative courses of action that are characterized by multiple
criteria (Belton and Stewart 2002). Doing so can help ensure that decisions are
consistent with the policy objectives.

These key principles suggest several basic assumptions of MCDA. First, decisions
are made under constrained resources — not all programs can be funded and choosing
one program over another will entail opportunity cost. Second, decision-makers’
objectives are within their personal discretion and are not normatively determined by
theories from ethics or economics, such as utilitarianism or social justice (Peacock
et al. 2009). Third, a program cannot be thought of as a homogenous “good.” Instead,
multiple levels of criteria can describe each alternative program and decision-makers
weigh and value each criterion level (Lancaster 1966). Decision-makers can relate
the criteria levels to the program alternatives, and incremental changes in criteria can
cause a switch from one good with a specific bundle of characteristics to another
good with a different combination that is more beneficial. A fourth assumption
supporting MCDA value theories is that trade-offs and the relative importance of
criteria can be established or that such scores can allow for a rank ordering of
programs (Baltussen and Niessen 2006; Baltussen et al. 2006).
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2.3 Problem Structuring

Problem structuring is the process of stakeholders identifying policy objectives and
decision criteria that they determine are of value (Belton and Stewart 2002). Model
building and the use of quantitative methods to determine value were the focus of
early MCDA applications. The literature has increasingly acknowledged the
importance of problem structuring (Phillips 1984; Schoner et al. 1999). This is due
to the recognition that failing to adequately frame and structure the policy problem
increases the likelihood of committing a type III error, that is, getting the right
answer to the wrong question (Kimball 1957). The theory behind problem structuring
begins with understanding the nature of MCDA. Definitionally, MCDA is an aid to
decision-making that relates alternative courses of action to conflicting multiple
criteria requiring value trade-offs. The decision criteria are determined in relation to
decision-makers’ objectives. It follows that decision-makers can have differing
values with varying sets of objectives and preferences. Decision-makers can dispute
which objectives are “right” when choosing between healthcare programs, whether
it be to maximize health status, to solve a political problem, or to balance trade-offs
between health status and equity. Equally, the solution to any objective is debateable
because decision-makers’ weightings of criterion will not be homogeneous, possibly
leading to different solutions to the problem. Using Ackoff’s (1979a, b) lexicon of
defining types of decision problems, Belton and Stewart (2010) argue that the
MCDA problem can be termed “messy” because both the definition and solution to
the problem are arguable. Contributing to the messy categorization is that MCDA
criteria can be based on evidence from the hard or soft sciences (objectives are
quantitative versus qualitatively assessed) (Goetghebeur et al. 2008). Hester and
Adams (2014) defined messy problems as the intersection between hard and soft
sciences (Fig. 2.1).

A key component to addressing messy-type problems is the use of facilitation to
identify values and frame the multi-criteria problem (Keeney and Mcdaniels 1992).
Following Keeney (1992), decision-makers’ core values determine strategic objectives,
criteria, and decisions. While decision-makers are likely to know their latent values,
their values can change as new information becomes available (Schoner et al. 1999).
The goal of facilitation is to translate latent values to make statements regarding
the objectives and the set of criteria, the set of alternatives from which to make
decisions, and the methods that will be used characterize criteria weights (Belton
and Stewart 2002).

Diverging perspectives between decision-makers coupled with system-wide
implications suggest that decision-makers may elect to include input from multiple
stakeholders. Stakeholders can be identified by focusing on the nature of the health
system (Checkland 1981). In soft systems methodology, one framework proposed
the following checklist to understand the system and stakeholders under the acronym
CATWOE: Customers are individuals who are directly affected by the system;
Actors are individuals carrying out the system activities; Transformation is the purpose
of the system; World View includes the societal purposes of the system; Owners are



2 Theoretical Foundations of MCDA 13

Qualitative perspective,
including policy factors

Messy problems,
Qualitative N
Quantative

Quantitative
perspective, including
efficacy, cost-

effectiveness

Fig. 2.1 An illustration of messes

those who control system activities; and Environment includes the demands and
constraints external to the system. Stakeholders can include representatives from
government, key decision-makers at institutions, clinicians, healthcare professionals,
patients, the lay public, or drug developers. It is emphasized that the inclusion of
stakeholders and the extent that stakeholders’ views are included in the facilitation
process is under the discretion of decision-makers (Belton and Stewart 2002).
Consideration should be given to the idea that stakeholders can exert varying
degrees of power to over- or under-influence a particular decision, or to be included
as a token participant with little input into the discourse (Arnstein 1969). To mitigate
the potential for power structures, facilitation can focus on using deliberative
theories that adhere to a process of respectful engagement, where stakeholders’
positions are justified and challenged by others, and conclusions represent group
efforts to find common ground (O’Doherty et al. 2012; MacLean and Burgess
2010). The facilitator can strive to understand what is going on in the group and
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should attend to relationships between participants while being aware that they need
to intervene to forward the work of the group (Phillips and Phillips 1993).

Whether or not stakeholders with different backgrounds are included in problem
structuring, varying frames will emerge during facilitation (Roy 1996). A frame is a
cognitive bias that exists when individuals react differently to a criterion depending
on how the information is represented (e.g., number of years gained versus number
of years lost) (Belton and Stewart 2010). Through facilitation, decision-makers
need to acknowledge frames such that stakeholders can similarly understand the
criterion. To do this, Belton and Stewart (2002) identified the following set of
general properties to consider, which include domains related to value relevance,
measurability, nonredundancy, judgmental independence, completeness, and
operationality.

* Relevance: Can decision-makers link conceptual objectives to criteria, which
will frame their preferences? For example, a criterion may include the
cost-effectiveness of a competing program, and an associated objective would be
to pursue programs that provide value for money.

* Measurability: MCDA implies a degree of measuring the desirability of an
alternative against criteria. Consideration should be given regarding the ability to
measure or characterize the value of the specified criteria in a consistent manner
by allowing for criteria to be decomposed to a number of criteria attribute
levels.

* Nonredundancy: The criteria should be mutually exclusive with a view to avoid
double counting and to allow for parsimony. When eliciting objectives and
defining criteria, decision-makers may identify the same concept but under
different headings. If both are included, there is a possibility the criteria will be
attributed greater importance by virtue of overlap. If persistent disagreement
regarding double counting exists in the facilitation process, double counting can
be avoided through differentiating between process objectives (how an end
is achieved) and fundamental objectives, ensuring that only the latter are
incorporated (Keeney and Mcdaniels 1992).

* Judgmental independence: This refers to preferences and trade-offs between
criteria being independent of one another. This category should be taken in light
of preference value functions.

* Completeness and operationality: Refers to all important aspects of the problem
are being captured in a way that is exhaustive but parsimonious. This is balanced
against operationality, which aims to model the decision in a way that does not
place excessive demands on decision-makers.

There is a broad literature based on psychology and behavioral economics
outlining how judgment and decision-making depart from “rational” normative
assumptions (Kahneman 2003). For a comprehensive review of techniques directed
at improving judgment, interested readers are referred to Montibeller and von
Winterfeldt (2015).
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2.4 Model Building

Model building refers to constructing a behavioral model that can quantitatively
represent decision-makers’ preferences or value judgments. MCDA models
originate from different theoretical traditions, but most have in common two
components: (1) preferences are first expressed for each individual criterion; and (2)
an aggregation model allows for comparison between criteria with a view to combine
preference estimates across criteria (Belton and Stewart 2002). The aggregation
model establishes a preference ordering across program alternatives. A bird’s-eye
view of the decision objective(s) is represented through a hierarchical value tree,
where there are m criteria at the lowest level of the hierarchy (Fig. 2.2). The broadest
objective is at the top. As decision-makers move down the hierarchy, more specific
criteria are defined. This continues until the lowest-level criteria are defined in such
a way that a clear ordering of value can be determined for each alternative (Belton
and Stewart 2002). Generally, aggregation can be applied across the tree or in terms
of the parent criteria located at higher levels of the hierarchy.

The following section highlights several underlying theories used in MCDA that
support model building through value measurement models, including multi-attribute
value theory, multi-attribute utility theory, and the analytical hierarchy process;
outranking, focusing on ELECTRE; and reference models using weighted goal and
lexicographic goal programming. While the theories described are not comprehensive,
we have chosen methods that represent the major theoretical approaches supporting
MCDA.

Decision
objective

Criterion 1 Criterion 2

Criterion 1 Criterion 1 Criterion 1 Criterion 2 Criterion 2 Criterion 2
attribute 1 attribute 2 attribute 3  attribute 1  attribute 2 attribute 3

Fig. 2.2 Hierarchical value tree
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2.4.1 Value Measurement

Value measurement models aggregate preferences across criterion to allow
decision-makers to characterize the degree to which one alternative program is
preferred to another (Belton and Stewart 2002). The challenge is to associate
decision-makers’ preferences to a quantitative real number such that each program
alternative can be compared in a consistent and meaningful way. Value measurement
approaches have been cited as the most applied methods in MCDA in the
healthcare context (Dolan 2010).

2.4.1.1 Multi-attribute Value Theory

The principle that decision-makers want to make consistent decisions is the
key building block for multi-attribute value theory. The notion of consistency is
formalized through two preference-based assumptions: (i) completeness — any two
alternatives can be compared such that alternative a is preferred to alternative b, or
b is preferred to ¢, or they are equally preferred — and (ii) transitivity, if a is
preferred to b and b is preferred to c, then a is preferred to c¢. These assumptions —
called axioms in economic utility theory (Mas-Colell et al. 1995) — provide the
necessary building blocks for a mathematical proof of the existence of a real-valued
function that can represent preferences. That is, these assumptions allow for
statements regarding the ability of quantitative values for a program alternative,
denoted as V(a) for alternative program a, to represent preferences such that
V(a) > V(b) if and only if a 2 b, where 2 is a binary preference relation meaning “at
least as good as”; or V(a)=V(b) if and only if a~b, where ~denotes indifference
between the value of a good. Depending on the context and complexity of the
decision problem, the assumptions of completeness and transitivity can be violated
in real-world contexts (Camerer 1995; Rabin 1998). In value measurement theory,
these axioms provide a guide for coherent decisions but are not applied literally
(Belton and Stewart 2002). That is, the axioms are not dogma.

The next set of definitions outline the value score of the criteria. A partial value
function, denoted a v;(a) for program a, is needed such that v,(a) >v,(b) when criteria
i for program a are preferred to b after consideration of the opportunity costs (also
called “trade-offs,” i.e., a sacrifice of one aspect of a good that must be made to
achieve the benefit of another aspect of the good). When a performance level of
criterion i is defined as attribute z,(a) for alternative a (i.e., z,(a), z2(a)... z,(a)) and
if the value of a criterion is independent of the other z; criteria and is increasing in
preference, it is denoted as v,(z;) (Keeney and Raiffa 1993). Of note, the value of a
given configuration that is consistent with these properties is equivalent to
vi(a)=v{(z{a)); as such, zi(a) is called a partial or marginal preference function
(Belton and Stewart 2002).

A widely applied aggregation of decision-makers’ preferences is the additive or
weighted sum approach (Belton and Stewart 2002):
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V(a): wl.vi(a) (2.1)

where V(a) is the overall value of alternative a, w; is the relative importance of
criterion i, and v(a) is the score of a program alternative on the i criterion (Belton
and Stewart 2002; Thokala and Duenas 2012). The partial value functions, v;, are
bound between 0 (worst outcome) and a best outcome (e.g., 1). They can be valued
using a variety of techniques, including using a direct rating scale (Keeney 1992).
The importance of criteria i is represented through swing weights, where the weight,
w;, represents the scale and relative importance of the i criterion (Diaby and Goeree
2014; Goodwin and Wright 2010; Belton and Stewart 2002).

The aggregate form of the value function is the simplest application, but relies
on several assumptions to justify additive aggregation. The first assumption is
first-order preference independence, which states that decisions can be made on a
subset of criteria irrespective of the other criteria (Keeney and Raiffa 1993). Suppose
there are two alternatives under consideration, and they are different on r<m
criteria. Define D to be the set of criteria on which the alternatives differ. Assume
the criteria that are not in set D are held constant (i.e., they are identical between the
alternatives). By definition, the partial value functions are equal for the criteria not
in set D. As such program « is preferred to program b if and only if

D wy, (a)> > wy, (b) (2.2)

ieD ieD

This implies that decision-makers can have meaningful preference orderings on a
set of criteria without considering the levels of performance on other criteria,
provided that the other criteria remain fixed.

The second assumption is that the partial value function is on an interval scale.
The interval scale assumption dictates that equal increments on a partial value
function represent equal quantitative distances within the criterion (e.g., on a scale
between 1 and 10, the value of the difference between 1 and 2 is the same as the
difference between 8 and 9). In this way, interval scales provide information about
order and possess equal trade-offs across equal intervals within the scale.

The final assumption is the trade-off condition, which satisfies the notion that the
weights are scaling constants that render the value scales commensurate (Keeney
and Raiffa 1993; Belton and Stewart 2002). This condition is achieved through
swing weights, which represent the gain in value by going from the worst value to
the best value in each criterion. For example, suppose two partial value functions for
two criteria are constructed. Next, suppose that program alternatives a and b differ
in terms of two criteria, r and s, which are equally preferred. As such V(a)=V(b).
This implies that wv.(a)+wy(a)=wv.(b)+ww(b). For this equality to hold,
simple algebra demonstrates that the weights are required such that w,/w,=v(a)—v,
(B)v(a)—vy(D).
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2.4.1.2 Multi-Attribute Utility Theory (MAUT)

MAUT is an extension of von Neumann-Morgenstern (VNM) expected utility
theory (Von Neumann and Morgenstern 1953) because it incorporates multi-attribute
alternatives (Keeney and Raiffa 1993). The theoretical underpinnings of VNM are
similar to value measurement, but MAUT crucially allows for preference
relations that involve uncertain outcomes of a particular course of action, which
involves risk typically represented through lotteries. To accommodate the idea of
risky choices, preferences between lotteries are incorporated directly into to the
assumptions of preference relations. The first VNM axiom is preferences exist and
are transitive, i.e., risky alternatives can be compared such that either a is preferred
to b, or b is preferred to c, or they are equally preferred; and if a is preferred to b
and b is preferred to c, then a is preferred to c. The second axiom is independence,
which states that the preference ordering between two risky goods is independent
of the inclusion of a third risky good. To illustrate, suppose in the first stage there
are three risky goods (a, b, c), where risky good a is associated with probability p,
and risky good b with probability (1—p;). The independence axioms suggest
that if a>b, then p,a+(I—-p,)c > p,b+(I—p;)c. The axiom assumes that if a
decision-maker is comparing good a to good b, their preference should be independent
of probability p; and good c. This is also called the independence of irrelevant
alternatives assumption because if risky good c is substituted for part of a and part
of b, it should not change the rankings. The third axiom, continuity, is a mathematical
assumption that preferences are continuous. It states that if there are three
outcomes such that outcome z; is preferred to z; and z; is preferred to z;, there is a
probability p, at which the individual is indifferent between outcome z; with
certainty or receiving the risky prospect made of outcome z; with probability p; and
outcome z; with probability /—p;,.

These axioms guarantee the existence of a real-valued utility function such that
a is preferred to b if and only if the expected utility of a is greater than the expected
utility of b (Mas-Colell et al. 1995). The axiom of continuity provides the guide
to making decisions: choose the course of action associated with the greatest sum
of probability-weighted utilities. This is the expected utility rule. To apply this
rule, the probability and utility associated with possible consequence of
each course of an action needs to be assessed, and the probability and utility are
multiplied together for each consequence (Fig. 2.3). The products are then added
together to obtain the expected utility, U(z,), of an alternative course action. The
process is repeated for each course of action, and the program with the largest
expected utility is chosen.

The characterization of VNM utility into a multi-criteria problem depends on
utility functions for multiple criteria, u(z;), for i=1...m being aggregated into a
multi-attribute utility function, U(z;), that is consistent with lotteries over the
criteria. The most common form of the multi-attribute utility function is additive:

U(z)= Zkiui (z,) (2.3)
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Fig. 2.3 Expected utility theory using the standard gamble method

where k; is a scaling constant such that Zki =1 (Drummond 2005). There are two

additional assumptions that are needed to lgliarantee the existence of an additive utility
function: utility independence and additive independence. Utility independence
among criteria occurs when there is no interaction between preferences over
lotteries among one criterion and the fixed levels for the other criterion; that is, the
relative scaling of levels for a given criterion level is constant within each criterion.
Additive independence is stronger and suggests that there is no interaction for
preference among attributes at all. As such, preference depends on the criterion
levels and do not depend on the manner in which the levels of different attributes are
combined. The restrictive assumption regarding additive independence can be
eased, leading to multiplicative or multi-linear forms of the multi-attribute utility
function (Keeney and Raiffa 1993; Drummond 2005).

2.4.1.3 Analytic Hierarchy Process
The analytic hierarchy process (AHP) is a theory of measurement based on

mathematics and psychology (Mirkin and Fishburn 1979; Saaty 1980, 1994). It has
three principles: (i) decomposition, where a decision problem is structured into a
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cluster of hierarchies; (ii) comparative judgments, where judgments of preference
are made between criterion attribute levels in each cluster; and (iii) synthesis of
priorities, which is the aggregation model. Described below are the four axioms that
support AHP: the reciprocal property, homogeneity within criterion, the synthesis
axiom, and the expectation axioms (Saaty 1986). The AHP axioms allow for the
derivation of ratio scales of absolute numbers through decision-makers’ responses
to pairwise comparisons.

The reciprocal axiom requires that a paired comparison between criterion
attribute levels, x; and x, and denoted as P(x;, x,), exhibits a property such that if
criterion level x; is preferred to x, and S represents the strength of preference, then
the comparison of x, with x; is P.(x,, x;)=1/S (Belton and Stewart 2002; Saaty
1980). That is, if x; is preferred twice as much as x,, then x; is preferred one-half as
much as x;. The homogeneity axiom requires that preferences for attribute criterion
levels should not differ too much in terms of strength of preference. For example,
questions of a general form such as “How important is criteria level x; relative to
x,?7” are asked (Fig. 2.4). The numerical value of importance is captured from
categories that describe strength of preference and are within an order of magnitude
from equally important (index 1) to extremely more important (index of 9). The
synthesis axiom requires that preferences regarding criterion in a higher-level
hierarchy are independent on lower-level elements in the hierarchy (Saaty 1986).
Finally, the expectation axiom states that the outcome of the AHP exercise is one
such that decision-makers’ preferences or expectations are adequately represented
by the outcomes of the exercise (Saaty 1986).

How important is x, relative to x, ? Preference index assigned Description

Equally preferred 1 Two criterion levels
contribute equally

Moderately preferred 3 Experience and judgment
moderately favour one
level over another

Strongly preferred 5 Experience and judgment
strongly favour one level
over another

Very strongly preferred 7 A criterion level is strongly
favoured and its
dominance demonstrated
in practice

Absolutely preferred 9 The evidence favouring
one criterion level over
another is of the highest
possible order of

affirmation
Intermediate values are assigned between 2,46,8 When compromise is
adjacent categories needed

Fig. 2.4 Analytic hierarchy process preference index based on Saaty (1980)
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The analysis of AHP paired comparisons judgment data includes the utilization
of a comparison matrix. Elements on the principal diagonal of the matrix are equal
to 1 because each criterion is at least as good as itself. The off-diagonal elements of
the matrix are not symmetric and represent the numerical scale of preference
strength expressed as a ratio (as required by the first axiom). The formal analysis
requires that the set of value estimates, vi(a), be consistent with the relative values
expressed in the comparison matrix. While there is complete consistency in the
reciprocal judgments for any pair, consistency of judgments between alternatives is
not guaranteed (Belton and Stewart 2002). The task is to search for the v; that
will provide a fit to the observations recorded in the comparison matrix. This is
accomplished through the eigenvector corresponding with the maximum eigenvalue
for the matrix. An alternative approach is to calculate the geometric mean of each
row of the comparison matrix; each row corresponds to the weight for a specific
criterion (Dijkstra 2011).

In the aggregation model for AHP, the importance weight, w;, of the parent criterion
in the hierarchy needs to be calculated. To do this, the above process of pairwise
comparisons is applied, where the comparison is between the parent criteria in the
hierarchy level. The final aggregation model that allows decision-makers to rank
alternatives is similar to the value measurement approach because an additive
aggregation is used:

P(a)=2wy(a) 2.4)

where P(a) is the priority of alternative i, v,(a) is the partial value function of a
criterion level, and w; is the overall weight of criterion.

2.4.2 OQutranking

Outranking utilizes the concept of dominance between partial preference functions
of the alternatives (Belton and Stewart 2002). In MCDA, dominance is defined as
z/(a) > z(b) for all criteria i, where there is strict inequality on at least one criterion
J, 1.e., z{a) > z{b) (Belton and Stewart 2002). Dominance rarely occurs in
real-world decision-making. Outranking generalizes the definition of dominance by
defining an outranking relation that represents a binary condition on a set of
alternatives, denoted by A, such that program a will outrank b if there is evidence
suggesting that “program « is at least as good as program b.” The outranking
relation is represented by aSb for (a, b) € A (Ehrgott et al. 2010). Of note,
outranking investigates the hypothesis that aSb by focusing on whether there is
compelling evidence for the hypothesis (i.e., “strong enough”), rather than focusing
on strength of preference using compensatory preference structures (Belton and
Stewart 2002). As a result, in addition to the possibility of dominance or indifference,
there may be a lack of compelling evidence to conclude dominance or indifference
(Belton and Stewart 2002).



22 D.A. Regier and S. Peacock

The outranking relation is constructed using concordance and discordance
indices. These indices characterize the sufficiency of evidence for or against one
alternative outranking another. The concepts of concordance and discordance can
be stated as follows:

* Concordance: For an outranking aSb to be true, there must be a sufficient
majority of criterion to favor the assertion.

* Non-discordance: When concordance holds, none of the criteria in the minority
should oppose too strongly the assertion that aSb; alternatively, discordance is
where b is very strongly preferred to @ on one or more of the minority of criteria
which call into question the hypothesis that aSb (Figueira et al. 2005).

The process of characterizing concordance and discordance starts with evaluating
the performance of each alternative on the criterion using a decision matrix
summarizing the partial preference functions. The matrix is structured such that
each row summarizes the partial preference function for the individual criterion
which is located in each of the m columns. Outranking recognizes that partial
preference functions are not precise (Belton and Stewart 2002). Indifference
thresholds, defined as p;[z] and ¢,[z], are used to acknowledge a distinction between
weak and strict preference, where alternative a is weakly preferred to alternative b
for criterion i if z(a) > z,(b) + qi[z«(b)]; it follows that z(a) — z,(b) > ;[ zi(b)]. Alternative
a is strictly preferred to alternative b for criterion i if z,(a) > z,(b) + p,[z(b)] and z,(a) —
z{b)>pilz(b)]. In this notation, it would be necessary for g[z{b)]>pilz(b)] to
distinguish between weak and strict thresholds (Belton and Stewart 2002).
Indifference between a and b can happen when there is not strict inequality between
the partial preference function. While the decision matrix demonstrates if alternative
a outperforms alternative b in each of the criterion, it does not account for the
relative importance of the criteria. This is achieved through criterion weights (w;).
The weights measure the influence that each criterion should have in building the
case for one alternative or another.

There are several approaches to estimating concordance or discordance, including
the ELECTRE methods (Roy 1991), PROMETHEE (Brans and Vincke 1985),
and GAIA (Brans and Mareschal 1994). We present ELECTRE!I below. The
concordance index, C(a,b), characterizes the strength of support for the hypothesis that
program a is at least as good as program b. The discordance index, D(a,b), measures
the strength of evidence against aSh. In ELECTRE], the concordance index is:

C(ab)=2D 2.5)

where Q(a,b) is the set of criterion for which a is equal or preferred to b as
determined by the decision matrix. Note that the concordance index is bound
between 0 and 1, and as C(a,b) approaches 1, there is stronger evidence in support
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of the claim that a is preferred to b. A value of 1 indicates that program a dominates
b on all criterion.

The discordance index will differ depending on if the decision matrix values are
cardinal or if the weights are on a scale that is comparable across criteria (Belton
and Stewart 2002). When these conditions hold, the discordance index is:

Max;g(a.p) [w, (Zi (b) —Z a)]
max]",max, ;. ,[w, | (z,(c) =z, (d)]

D(a,b)= (2.6)

where R(a,b) is the set of criteria for which b is strictly preferred to a in the set of
A alternatives. The index is calculated as the maximum weighted estimate for
which program b is better than program a divided by the maximum weighted
difference between any two alternatives on any criterion. Note that in the two
alternative cases, an instance of b outperforming a would result in a value of 1.
When the partial preference scores are not cardinal (e.g., they are qualitative
relations) or when the criteria importance weights are not on a scale that is
comparable across criteria, the discordance criterion is based on a veto threshold.
That is, for each criterion i, there is a veto threshold defined as ¢ such that
program a cannot outrank b if the score for b on any criterion exceeds the score
for a on that criterion. The discordance index is:

2.7)

D(ab) 1if z,(b)—z, (a) > ¢t foranyi
a,b)=
0 otherwise

The concordance and discordance indices are evaluated against thresholds, denoted
as C* and D*, to determine the relationship between program a and b according to
the following: if C(a,b)>C* and D(a,b) < D* then aSbh, otherwise a does not outrank
b; program bSa if C(b,a)>C* and D(b,a)<D*, otherwise b does not outrank a.
There is indifference between program a and b when aSb and bSa. The two are
incomparable if neither program outranks the other, i.e., not aSh and not bSa.
A summary of these outranking relations, adapted from Belton and Steward (2002),
is in Fig. 2.5.

2.4.3 Goal Programming

Goal programming attempts to model complex multi-criteria problems using
concepts linked to a decision heuristic called “satisficing” (Belton and Stewart
2002). Introduced by Simon (1976), satisficing is a cognitive heuristic where a
decision-maker examines the characteristics of multiple alternatives until an
acceptability threshold is achieved. This is in contrast to a compensatory
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C(a,b)>C*
False True
D(a,b)<C*
False True
a does not a does not K
outrank b outrank b aoutranks b
Not aSb Not aSb aSb
NotaSbandnot | NotaSbandnot | aSbandnotbSa | bdoesnot False
bSa bSa outrank a
P P ais strictly Not bSa Clba)>C*
preferred to b
Not aSb and not Not aSb and not aSb and not bSa | b does not False
bSa bSa B B outrank a /
a s strictly
preferred to b Not bSa
D(a,b)<C* True
bSa and not aSb bSa and not aSb aSb and bSa
. . . . . b outranks a
b is strictly b is strictly Indifference True
B ———
preferred to a preferred to a between b and a bSa

Possible outranking relations

Fig. 2.5 Outranking relations from a pairwise comparison

framework, which assumes decision-makers have unlimited cognitive processing
abilities and carefully consider all information(Regier et al. 2014b; Kahneman
2003; Simon 2010). Because of complexity, decision-makers seek a choice that is
“good enough,” i.e., a choice that is satisfactory rather than optimal.

Goal programming operationalizes satisficing by assuming decision-makers
seek to achieve a satisfactory level of each criterion (Tamiz et al. 1995). Attention is
shifted to other criteria when a desired threshold is achieved. Goal programming
methods encapsulate the following two assumptions. First, each criterion is
associated with an attribute that is measurable and represented on a cardinal scale.
Thus, the methods utilize partial preference functions, denoted by zi(a), where
i=1...m criteria for alternative a. Second, decision-makers express judgment in
terms of goals or “aspiration levels” for the m criterion, which are understood in
terms of desirable levels of performance (e.g., ICER is below a threshold of $50,000
per QALY). In goal programming notation, goals are denoted by g; where
i=1, ...,m. With the goals defined, an algorithm is used identify the alternatives which
satisfy the goals in an order of priority (Thokala and Duenas 2012; Ignizo 1978).

Decision-makers’ preferences for goals will differ depending on the context or
frame of each criterion. That is, the direction of preference as reflected in each goal
will differ depending if the attribute criterion, z;(a), is defined in the context of:
maximization, with the goal representing a minimum level of satisfactory
performance; or minimization of z,(a), with the goal of representing the maximum
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level of tolerance; or whether the goal is to reach a desirable level of performance
for z;(a) (Belton and Stewart 2002). The difference between z(a) and g; is denoted
by &, or &, which respectively represents the quantitative amount the partial
preference function is under- or overachieved.

The solution to the decision-makers problem of satisficing is investigated through
mathematical optimization techniques (e.g., linear programming) that aim to achieve
the best outcome given an objective that is subject to constraints (e.g., minimize the
deviation of attribute values subject to a value function). Goal programming models
can be categorized either through a weighted goal programming or one that focuses
on lexicographic preferences. In weighted goal programming, deviations from goals
are minimized after importance weights are assigned to each of the z;(a). This can be
achieved through following algebraic formulation (Tamiz et al. 1998; Rifai 1996;
Kwak and Schniederjans 1982):

min Z = i(wg(s,i +w5;)
i=1

(2.8)
subject to f; (x)+8, -8 =g, fori=1,...,m

where x is a vector of the decision variables that can be varied such that a criterion
achieves a specified goal (e.g., the price of a drug), fi(x) is a linear objective function
equivalent to the realization of the partial preference value z,(a) for an x vector, g; is
the target value for each z(a), 8, and 8," are the negative and positive deviation from
the target values, and w, ,w, are the importance weights. Of note, the importance
weights need to conform to a trade-off condition when the weighted sum approach is
used (e.g., through swing weights).

In lexicographic goal programming, deviational variables are assigned into
priority levels and minimized in a lexicographic order (Belton and Stewart 2002). A
lexicographic ordering is one where a decision-maker prefers any amount of one
criterion to any amount of the other criteria. Only when there is a tie does the
decision-maker consider the next most preferred criterion. In goal programming, a
sequential lexicographic minimization of each priority criterion is conducted while
maintaining the minimal values reached by all higher priority level minimizations
(Ijiri 1965):

LexminO = (g1 (5*,5’),g2 (5+,5’),...,gm (5*,5’)) (2.9)

subject to f; (x)+6, -6, =g fori=1,...,m

where all definitions above save O, which is an ordered vector of priorities (Tamiz
et al. 1995). From a practical perspective, priority classes on each criterion are
defined, and minimization of the weighted sum is conducted in relation to the goal.
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Once the solution is obtained for the higher-order priority, the second priority class
is minimized subject to the constraint that the weighted sum from goals in the first
priority class does not exceed what was determined in the first step. The process is
continued through each priority class in term.

2.5 Concluding Remarks

This chapter introduced the theoretical foundations and methods that support MCDA.
MCDA provides decision-makers with a set of tools that can aid stakeholders in
making consistent and transparent decisions. MCDA methods draw on theories that
account for both the qualitative and quantitative aspects of decision-making. This is
achieved through a process that includes a comprehensive approach to problem
structuring and model building. We conclude by noting that there is a paucity of
MCDA theory-related research in healthcare. We encourage future research that
explores which MCDA methods best address stakeholders’ needs in the context of
the unique challenges we face in improving health and healthcare.
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Chapter 3

Identifying Value(s): A Reflection

on the Ethical Aspects of MCDA in Healthcare
Decisionmaking

Mireille Goetghebeur and Monika Wagner

Abstract Background: A number of ethical theories have been developed over
many centuries, such as deontology, consequentialism (including utilitarianism),
virtue ethics, and, more recently, for example, Rawls’ Theory of Justice and
Habermas’ Ethics of Discussion, which have been investigated further in healthcare.
These major ethical positions and procedural theories integrate many ethical
aspects with which decisionmakers, in particular at policy level, are struggling to
deliver the best treatments to patients, protect population health, and build
sustainable healthcare systems (triple aim). While ethical dilemmas, rooted in this
triple aim, are becoming more critical and the demand for accountable processes
is rising, multi-criteria decision analysis (MCDA) offers an opportunity to
integrate ethical aspects in an innovative manner to enhance accountability for
reasonableness (A4R).

Objectives: This chapter is a first attempt to explore how MCDA may inte-
grate ethical aspects inherent to healthcare decisionmaking. The reflection
proposed here is primarily rooted in the real-life constraints of decisionmaking
at the HTA/Ministry of Health (MoH) level, rather than in specific ethical
positions.

Method: This chapter explores the ethical aspects of each MCDA development
step, following the eight-step outline of the ISPOR Task Force on MCDA, as well
as the legitimacy of decisions from the HTA/MoH perspective, using the triple aim
as the goal to illustrate this exploration. For each step, we discuss the substantive
and procedural elements of major ethical positions and procedural theories that such
method can integrate.
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Results: Legitimacy of decisions on healthcare interventions requires inclusion
of representative stakeholders for both the design and operationalization of the
MCDA to ensure that criteria included and their consideration are in agreement with
the mission and values of the institution. Consideration of the triple aim as the goal
of the MCDA (step 1) results in the definition of a broad range of criteria (step 2)
derived from ethical aspects, such as the “imperative to help” at the patient level, the
“prioritization of those who are worst off,” and the aim to achieve the “greatest good
for the greatest number” to best serve the population, as well as maintain the
sustainability of the healthcare system. The first two MCDA steps foster reflection,
collaboration, and communication across stakeholders to define common ground
upon which to establish what constitutes the holistic value of interventions, i.e.,
integrating all ethical aspects of the triple aim. Synthesis of evidence to consider
these criteria (step 4) requires elements of practical wisdom to provide clear,
transparent, and systematic evidence. Other aspects of MCDA, such as weighting
(step 3), scoring (step 5), aggregating of weights and scores (step 6), and managing
uncertainty (step 7), include ethical elements of practical wisdom as well as additional
procedural values, such as transparency of values, consistency, participation,
accountability, and deliberation. The criteria and their consideration through the
MCDA process can result in an accountable and reasonable measure of “holistic
value” of interventions contributing the most to the triple aim.

Conclusion: This reflection suggests that MCDA can be designed to integrate
numerous ethical aspects inherent to healthcare decisionmaking. By enhancing their
operationalization, MCDA can support accountable and reasonable decision
processes rooted in a holistic consideration of value of healthcare interventions.
Reflection on the ethical aspects of MCDA in healthcare is in its infancy, and further
research on each aspect presented here is warranted.

3.1 Introduction

A number of ethical theories have been developed over the centuries, such as
deontology, consequentialism (including utilitarianism) (Cleret de Langavant
2001), virtue ethics, and, more recently, for example, Rawls’ Theory of Justice and
Habermas’ Ethics of Discussion, which have been investigated further in healthcare.
These positions integrate many ethical aspects with which decisionmakers, in
particular at policy level (HTA, Ministry of Health (MoH)), are struggling to ensure
quality of care and delivery of the best treatments to patients, to serve population
health, and to maintain sustainability of the healthcare system (triple aim: care,
health, costs (Berwick et al. 2008)). Ethical dilemmas, rooted in the difficulty to
achieve the triple aim, are becoming more critical, and the demand for accountable
processes is rising.

This chapter does not attempt to summarize the reflection of some of the greatest
thinkers of humankind but to shed some light on the ethical elements that are evoked
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by the triple aim and A4R considerations by HTA/MoH; a high-level overview is
provided to introduce basic concepts. Virtue ethics is the oldest concept in occidental
ethics, set forth by Plato and Aristotle. It holds that an act is morally good if it
corresponds to what a virtuous person would do. It emphasizes the character of the
virtuous person, who applies practical wisdom and goodness to motivate and guide
his/her decisions (Hursthouse 2013). In this context, the virtuous person is the norm,
rather than duty (as in deontology) or pragmatism (as in consequentialism).
Deontology, derived from the Greek deon (“‘duty”), is an ethical position that holds
those actions to be morally right that conform to established rules or duties. Kant
(1724-1804) held that the moral value of an action is not related to its consequences
but to the moral duty to which it responds, which manifests as an imperative to act.
The “imperative to help” in medicine was outlined by Hippocrates (460-370 BCE)
in the Hippocratic Oath: “I will prescribe for the good of my patients according to
my ability and my judgment and never do harm to anyone,” underscoring the moral
obligations of beneficence and non-maleficence, which, according to the oath,
requires medical practitioners to use their “ability and judgment” or, in other terms,
their expertise and knowledge of the consequences of the medical act.
Consequentialism (including utilitarianism) holds that an action is good if its
consequences are good. According to utilitarianism, developed by Bentham (1748—
1832) and Mill (1806-1873), an action must be guided by its utility; thus, societies
should pursue the “greatest good for the greatest number” (maximize utility), a
theory that had a strong influence on public policies (Driver 2014).

Contemporary ethical approaches include, among others, the Theory of Justice
set forth by Rawls, (Rawls 1971) which holds that “priority should be given to those
who are worst off.” Although there are various models of distributive justice (e.g.,
libertarian, communitarian, egalitarian, and utilitarian), solidarity, i.e., giving
priority to those most in need, is a key concept rooted in an egalitarian justice model
and upheld as a principle in many healthcare systems (Kieslich 2012; Hoedemaekers
and Dekkers 2003). Daniels’ model of distributive justice aims for fair distribution
of life opportunities (Daniels 2001).

Procedural theories have also been set forth, such as Habermas’ Ethics of
Discussion (Habermas 1984) and, more recently, deliberative practices (Danis et al.
2010). In their seminal work on accountability for reasonableness (A4R), Daniels
and Sabin proposed four conditions to ensure that a decisionmaking process is legitimate
(Daniels and Sabin 1997; Daniels 1999): publicity (decisions and rationales
accessible publicly), revision and appeals (opportunity for challenge and revision),
enforcement (regulations to ensure that the other A4R conditions are met), and
relevant reasons. The latter refers to the rationales upon which decisions are based
and which should be rooted in principles that are accepted as relevant by
“fair-minded” people.

Principlism, developed by Beauchamp and Childress, proposes four moral
principles to guide decisionmaking in medicine: beneficence (“do good to others”),
non-maleficence (“avoid harming others”), respect for autonomy (“treat others as
free agents”), and justice (“fair distribution of benefits and burdens”) (Beauchamp
and Childress 2001).
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These major ethical positions and procedural theories, considered to some extent
conflicting, are at play in healthcare policy decisionmaking, and the pursuit to
integrate them in pragmatic approaches is ongoing. Policy decisionmaking inevitably
involves value judgments (Littlejohns et al. 2012) rooted in individual and social
values that can be classified into substantive values (relevant reasons or criteria on
which decisions are made, e.g., effectiveness, costs) and procedural values (values
the process itself reflects and which are critical to legitimize the decision). (Clark
and Weale 2012) While evidence-based medicine and health technology assessment
emerged in the twentieth century to improve understanding of the consequences of
healthcare interventions (or in other terms their true value) for better decisions at the
clinical and policy levels (Battista and Hodge 2009; Jenicek 2006), there is a need
for pragmatic and accountable processes to support the operationalization of social
values, the integration of ethical aspects inherent to healthcare decisions, and the
tackling of ethical dilemmas.

MCDA offers an opportunity to integrate ethical aspects in an innovative manner
to enhance accountability for reasonableness (Daniels and Sabin 1997; Daniels
1999). Although MCDA has been used extensively in many fields for several
decades (e.g., engineering), its exploration for application in healthcare is fairly
recent. This chapter is a first attempt to explore how MCDA might integrate some
of the ethical aspects inherent to healthcare decisionmaking. The reflection
proposed here is primarily rooted in the real-life constraints of decisionmaking at
the HTA/MoH level, rather than in specific ethical positions.

This chapter explores the ethical aspects of each MCDA development step,
following the eight-step outline of the MCDA ISPOR task force, as well as the
legitimacy of decisions, from the HTA/MoH perspective where ethical dilemmas
are most challenging, to illustrate this exploration. It is acknowledged that MCDA
can also serve more specific functions (e.g., benefit-risk assessment in its traditional
sense), but for the sake of exploring MCDA and ethics from a broad perspective, we
constructed this chapter to reflect on the development of an MCDA model that aims
at identifying interventions that best achieve the triple aim. For each step of the
MCDA, we discuss the substantive and procedural aspects of major ethical
positions and procedural theories that such methods can integrate.

3.2 Who Should Decide? Legitimacy of Decisions
and Representativeness of MCDA Users

Legitimacy of decisions on healthcare interventions requires inclusion of
representative stakeholders in the deliberations that are supported by the MCDA
framework, as well as in its design, to ensure that criteria included and the way they
are considered are in agreement with the mission and values of the institution.
Decisionmaking committees are meant to represent the society/population they are
serving, and legitimacy rests on inclusion of the diversity of perspectives that
stakeholders may have. According to Daniels’ and Sabin’s seminal A4R framework
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(Daniels and Sabin 1997; Daniels 1999), the relevance condition for legitimacy
requires that rationales for decisions rest on evidence, reasons, and principles that
fair-minded people can agree are relevant for the decision. Martin et al. (2002) have
explored who these fair-minded people should be and stated that the following
constituencies be included in a representative decisionmaking committee: committee
chair, administrator, medical specialist, medical generalist, public representative,
and patient representative. More recently, according to Rosenberg-Yunger et al.
(2012), decisionmaking committees should include multiple stakeholders including
healthcare professionals, academics, managers/administrators, patients, and/or
public representatives, while industry representatives should be involved on other
aspects of the process but not in the decisionmaking committee. Garrido et al.
(2016) suggested that HTA committee members “may include representatives of
patients, providers, payers, government or manufacturers, as well as clinical and
methodological experts.” Procedural values of MCDA are illustrated in Fig. 3.1.
MCDA allows capturing the perspectives of all participants in a structured manner,

Support
reflection
and
deliberation
Promote Foster
collaboration transparency
& clarity
Procedural D
Ensure integration of
accountability values of all aspects
MCDA possible
Allow
systematization
parltEir::?::tei o and consistency
Facilitate

communication

Fig. 3.1 Procedural values embedded in the development and application of MCDA
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thus clarifying the individual and group reasoning and supporting deliberation
among all committee members, which is hard to achieve without an appropriate
method. By the same token, MCDA can be used to consult large groups of individuals.
When designed to support reflection, MCDA provides a pragmatic means to enhance
the legitimacy of decisions and their acceptability.

3.3 How to Decide?

3.3.1 Step 1: Defining the Decision Problem

In their seminal work on the triple aim of healthcare (care, health, and cost), Berwick
et al. (2008), Centers for Medicare and Medicaid Services (2015) proposed that
high-value healthcare will be achieved only if stakeholders pursue a broad system
of linked goals related to patient health, population health, and healthcare system
resource management.

Compassion is the ethical foundation and fundamental impetus of healthcare
(Lown 2015), which aims at prevention of ill health, cure, relief of pain and suffering,
and avoidance of premature death (ultimate goals of healthcare (Callahan 1999)).
While a well-functioning healthcare system is not an end in itself, it is inextricably
linked to the ultimate goals of healthcare because it is the only instrument through
which the healthcare sector can generate health. As acknowledged by developers of
the triple aim, pursuing this broad system of linked goals can “provide enormous
gains” but are also associated with “potential disruption in the status quo” and
require broad reflection across stakeholders. Integration of the triple aim into a
comprehensive (or holistic) MCDA could provide a road map for all stakeholders to
reflect and identify what constitutes high-value healthcare and thus advance the
ultimate goals of healthcare through a collaborative and participatory approach.

Thus, from the HTA/MoH perspective, the decision problem could be defined as:
“Identify the value of interventions with regard to the triple aim of healthcare,
ensuring that all underlying ethical aspects are included.” Regarding procedural
values, the development of MCDA approaches to achieve the triple aim stimulates
reflection and collaboration, while promoting exchange and communication across
stakeholders. Thus it provides common ground upon which to establish what
constitutes value from a triple aim perspective.

3.3.2 Step 2: Selecting and Structuring Criteria

Setting the triple aim as the goal (step 1) of the MCDA framework results in the
selection of a broad range of criteria (step 2) to include ethical elements such as the
“imperative to help” at the patient level; the “prioritization of those who are worst
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off,” while aiming at the “greatest good for the greatest number” at the population
level; as well as the “sustainability” of the healthcare system. Balancing these, often
competing, ethical demands require practical wisdom to motivate and guide the
decision, as illustrated in Fig. 3.2 (Hursthouse 2013). The resolution of these ethical
dilemmas is ultimately driven by universal and specific values related to the ethical
and legal traditions of each society which the decision committee at HTA or MoH
levels represents (Schlander et al. 2014).

It is postulated that these ethical elements can be translated into objectives and
operationalized into decision criteria (quantitatively or qualitatively, or a mix of

Triple aim
Patients Population Sustainability
Imperative to help Greatest good for greatest number

Prioritizing those who are wrost off

<P B -

= Best therapeutic benefit (cure) = Benefit greatest number (size of = Best economic consequences:

= Best preventive benefit - Public
health (eradication)

= Maximize efficacy/effectiveness

= Maximize safety

= Maximize patient perceived
health/reported outcomes

I

Highly valid and relevant evidence
Expert consensus

Awareness of system capacity and appropriate use of interventions
Awareness of common goal and specific interests

Awareness of political, historical and cultural context

Management of opportunity cost and affordability guided

population)

= Alleviate suffering in patients
with severe diseases

= Alleviate suffering in patients
with no options (unmet needs)

= Promote intervention for
established priorities (e.g.,
vulnerable populations)

Knowledge & context

Practical wisdom

MCDA measure of holistic value
of healthcare interventions

Wise use of resources

by identification of most valuable interventions

cost of intervention

Best economic consequences:
other medical cost

Best economic consequences:
non-medical cost

Alignment with mandate/scope
of healthcare system

Minimize environmental impact

Fig. 3.2 Triple aim, underlying ethical aspects and transformation into criteria for an MCDA
measure of holistic value of interventions to guide wise use of resources and management of

opportunity costs
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both) to design an MCDA framework that allows identifying interventions that
contribute most to the triple aim of healthcare (i.e., the most beneficial or most valuable
interventions). Of note, we acknowledge that the classification of Fig. 3.2, proposed
as a starting point to advance reflection on these matters, is subject to debate.

3.3.2.1 Patient

Among the most evident criteria that contribute to the value of a healthcare
intervention at the patient level is the type of health benefit it can provide. This is
directly related to the fundamental impetus of compassion to relieve and prevent
suffering. Ethical commitment of societies and clinicians to both prevention and
alleviation of suffering calls for an evenhanded approach that does not a
priori value therapeutic benefits above preventive benefits. The concept of
quality-adjusted life years (QALY's) accommodates both prevention and therapys;
however, being an artificial construct, it also creates a “mental distance” from
natural notions, such as disease eradication, cure, or symptom relief, which relate
closer to the way decisionmakers think. MCDA can integrate the type of preventive
service and type of alleviating/therapeutic service as separate criteria to retain
these natural notions in the deliberation while ensuring that all types of health
benefit are part of the value measurement.

When exploring further the ethical impetus of beneficence, aiming at preventing
and alleviating suffering to the greatest extent (i.e., toward the greatest improvement
of the current situation) can be translated into criteria that reflect the extent of benefit
from a clinical standpoint (effectiveness) as well as from a patient perspective
(“patient-perceived health”). Also related to the patient perspective are the principles
of respect for patient autonomy and dignity, two critical aspects of healthcare, as set
forth in the principlism of Beauchamp and Childress (2001). Finally, as implied in
the Hippocratic Oath, the imperative to help needs to be balanced with the safety
and tolerability of the intervention, “never do harm” or non-maleficence. Both the
immediate and the long-term unfavorable effects must be considered to address this
ethical imperative.

3.3.2.2 Population

At the population level, prevention and alleviation of suffering in as many individuals
as possible, that is, “doing good for the greatest number,” can be operationalized by
including the size of the population potentially benefiting from an intervention as a
criterion, thus assigning higher value to interventions benefiting larger numbers of
individuals.

“First helping those who are worst off,” also often referred to as fairness in
real-life situations, can be translated into the criterion disease severity. Thus,
interventions targeting (i.e., preventing, curing, or alleviating) severe diseases
will have higher value than those targeting less severe diseases. Ranking of
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diseases according to severity is not a simple task, although some work has been
done in this direction (Shah 2009; Ottersen 2013; Lindemark et al. 2014).
Individual judgment on what constitutes “severe” will vary based on personal
experience, perspective, and perception of suffering. Unmet medical needs (e.g.,
orphan diseases or absence of effective intervention) also relate to the notion of
prioritizing those who are worst off and can translate into a criterion of “unmet
needs,” which is a way to address inequalities across therapeutic areas.

National policy makers may further operationalize fairness by defining priorities
based on those who are worst off in a given society (e.g., vulnerable populations,
rare diseases, remote populations). Inclusion of a criterion that assesses to what
extent an intervention is aligned with defined priorities ensures that interventions
targeting established priorities are more valued than those not aligned with these
priorities.

3.3.2.3 Healthcare Systems

To ensure sustainability, consideration of the economic consequences of an
intervention in an MCDA model implies that interventions that reduce treatment
costs or free up other medical and nonmedical resources (i.e., use and preserve
medical, societal, and individual resources wisely from a broad perspective) have
greater value than those that increase treatment costs or deplete medical and
nonmedical resources. Including these criteria in an MCDA model stimulates
development and promotion of healthcare interventions and programs that possess
these intrinsic values, e.g., reducing treatment costs or freeing up other medical and
nonmedical resources. Conversely, not including economic aspects in the MCDA
framework may fail to discriminate between interventions that do or do not contribute
to the triple aim. Daniels et al. (2015) recently pointed out the pharmacological
treatment of chronic hepatitis C as an example of a potentially unsustainable intervention
that poses difficult ethical issues if, due to high cost, coverage can be provided only
for some and not for others (see also comment below on opportunity costs).

When integrating economic aspects in an MCDA framework, a distinction is
often made by decisionmakers between costs consequences that will occur with less
uncertainty (i.e., cost of the intervention per se and its implementation) and those
that will occur with higher uncertainty, that is, the impact of the intervention on
other medical as well as nonmedical costs, which are often modeled rather than
based on real-life data. MCDA can be designed to provide clarity on this aspect by
dealing with these costs through separate criteria.

Certain interventions present a challenge as they may be deemed by some to fall
outside the mandate and scope of the healthcare system (e.g., growth hormone for
height, assisted reproduction, lifestyle drugs). To address this, a criterion can be
introduced in the MCDA to consider the ethical implications of covering these
interventions by the healthcare system.

Finally, at the societal level, consideration of the environmental impact of
healthcare interventions is becoming more and more an element of value (Tanios
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etal. 2013). Including a criterion on the impact of the intervention on the environment
implies giving more value to interventions that cause minimal environmental
damage and can create an impetus to develop and promote interventions that are
environmentally sustainable for the benefit of all.

3.3.2.4 Knowledge and Context

Practical wisdom is a combination of explicit knowledge rooted in formal evidence,
knowledge rooted in experience, knowledge of the context, common sense, and
implicit judgments. Knowledge, based on understanding of the clinical and
economic consequences of interventions, is a key element of practical wisdom
and requires long-term real-life data. The ethical implications of data availability
and quality are evident as claims about an intervention may or may not be substantiated
in real life, implying a risk of selecting interventions that may contribute little to the
triple aim. Knowledge comes from evidence generated through studies, which may
be of variable relevance and quality, from direct experience of clinicians, which is
to some extent captured in clinical practice guidelines, and from patients. If solid
knowledge is considered an element of value, two criteria, quality of evidence and
expert consensus, may be added. This design will ensure that interventions with
solid knowledge will be valued higher than those with limited knowledge.

Since evidence generation comes at a cost, formal data collection tends to focus
on new, complex interventions and products, while data for programs and simple
interventions is often lacking, which creates a strong bias toward the former. To
respond to this dilemma, one may consider that knowledge generation is a social
responsibility and also that, in some cases, common sense is a reasonably
acceptable source of knowledge. Including an MCDA criterion that measures the
strength of evidence can create an impetus for broader research on what constitutes
solid and meaningful evidence and perhaps a more formal integration of common
sense to demonstrate value of all types of interventions.

The healthcare system’s capacity to implement and ensure appropriate use of an
intervention is a common consideration by HTA and MoH. This can be seen as an
aspect of practical wisdom, which requires knowledge of the system’s infrastructure,
legislation, organization, barriers, and skills. Introducing an appropriate criterion
into the MCDA (most likely qualitatively) gives structure to these considerations
and implies that interventions that are easy to implement and have low inherent
risks of inappropriate use are more valuable.

Awareness of the context in which the intervention is to be implemented is
related to practical wisdom. Being aware of stakeholder pressures and barriers helps
ensure that decisions are fair-minded and driven by the triple aim and not unduly
influenced by special interests. Being aware of the political, historical, and cultural
context is important for assessing the feasibility of implementing the intervention.
For example, precedence of decisions on similar interventions or the impact of the
intervention on research and innovation (as new treatments often provide new
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scientific knowledge) may have an impact on the overall value at the time of
decisionmaking.

Beyond defining criteria by their underlying ethical positions, an MCDA model
should also follow MCDA methodological requirements, briefly summarized below,
as described in detail in the chapter by Dean et al. (UK Department for Communities
and Local Government 2009):

* Nonredundancy (avoid double counting criteria)

e Mutual independence (criteria can be assessed independently)

e Operationalizability (appropriate measurement scales and data are available)
e Completeness (all criteria important for decisionmaking are included)

e Clustering (criteria structured in a conceptually meaningful manner)

Values related to the process of identifying and selecting criteria are critical
as this process stimulates reflection on how to translate ethical positions into
pragmatic tools across the decision continuum from developers to regulators,
policymakers, clinicians, and patients. In addition, the process of selecting crite-
ria to develop an MCDA model rooted in the triple aim fosters systematization
and consistency, participation, and collaboration to assess and identify what
constitutes value.

Regarding the type of MCDA and the MCDA process, implementation of an
MCDA approach might be, in a first instance, a qualitative operationalization of
criteria to support deliberation and communication across stakeholders. Quantitative
operationalization of these criteria involves some additional ethical aspects and
procedural values, which are outlined below.

3.3.3 Step 3 of MCDA: Weighting Criteria

Ethical aspects of weighting decision criteria include the wisdom that comes
from becoming aware of the ethical trade-offs within which each of us operates (our
individual value system), its variability across stakeholders and how it relates to the
triple aim (and its underlying ethical aspects). Indeed, although weighting of criteria
is inherent to any decisionmaking, it is often made implicitly.

Key procedural values related to criteria weighting include participation and
reflection embedded in the process by which each stakeholder can reflect on
trade-offs between criteria and clarify their positions with regard to how they tackle
ethical dilemmas, which ethical aspect predominates in their reasoning and other
aspects of the deliberation. In a committee, the diversity of perspectives thus
revealed can be integrated into the evaluation using a weighting technique most
suitable to the group. The selection process for standing committees or panelists
applying MCDA has also ethical implications, for example, inclusion of patients or
patient representatives may impact on the perceived legitimacy of decisions in an
era of patient-centered care.



40 M. Goetghebeur and M. Wagner

Many weight elicitation techniques are available and should be selected
according to needs and preferences (Dolan 2010) (see Chapter 4). The weighting
process itself promotes transparency of the values considered and enables
consultation of large groups of stakeholders and citizens via surveys
(participation), as was performed by the Ministry of Health in Colombia (see
Chapter 8 by Castro et al.).

3.3.4 Step 4 of MCDA: Providing Evidence to Measure
Performance

Consideration of criteria requires evidence for these criteria, including scientific and
colloquial evidence and common sense. The type of data selected and provided to
decisionmakers has ethical implications and involves numerous value judgments
(Hofmann et al. 2014a, b). Efficient, understandable, and meaningful communication
of evidence, including standardized presentation (e.g., absolute vs relative data,
range of variations across studies), is essential to ensure informed decisionmaking.
The process of distilling information is not trivial and must be done to provide
sufficient and necessary data for decisionmakers to form their judgments and
proceed toward a decision. Providing decisionmakers with unbiased and pragmatic
support is crucial for measuring the true value of an intervention, which, although it
remains uncertain, can be approached by exploring it from various perspectives,
which MCDA facilitates. Thus, MCDA processes stimulate transparency and
clarity of the evidence (scientific and colloquial) at the criteria level and
systematization of the evidence distillation process.

In addition, at the group level (e.g., decisionmaking committee), MCDA
provides a structured process to share insights and colloquial evidence among
members of the group, which can significantly enriches reflection and promotes a
participatory evaluation and deliberation process.

3.3.5 Step 5: Scoring the Criteria to Evaluate Performance
of the Intervention

As recently highlighted, value judgments are involved in every aspect of assessing
a healthcare intervention as well as in appraisal and decisionmaking (Hofmann
et al. 2014a).

As with weighting, scoring fosters participation, reflection, and systematization.
The choice of scoring method has strong implications for the level of transparency
and accountability of the process. Constructed scoring scales capture a judgment
of the evidence, thus making transparent how the available evidence was
interpreted. (For example, for the criterion “comparative safety,” the scale could be
defined to range from “much better safety than comparator” to “much worse safety
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than comparator.”) The alternative, defining the high and low end of the scale based
on a mathematical transformation of data, for example, frequency of adverse
events, can create a mental distance between the scores and the interpretation of
data. Since decisionmakers ultimately have to make a judgment on the evidence,
the extent to which the scoring process supports their judgment must be considered
in designing an MCDA approach that ensures accountability.

3.3.6 Step 6: Aggregating Data for Ranking, Investing,
and Disinvesting

A quantitative MCDA model requires combining weights and scores to measure
value (value model), which allows ranking interventions based on a measure of
value defined by the criteria included in the model.

However, comprehensive understanding of the value of an intervention often
includes aspects that cannot easily be measured. Indeed, certain criteria identified
through analysis of ethical underpinnings in the previous section (e.g., cultural
context) may not be amenable to quantitative consideration because scoring scales
cannot be defined systematically. Nevertheless, consideration of these criteria might
impact the value of the intervention, highlighting the need for nuance that can be
met by a comprehensive MCDA that includes both quantitative and qualitative
criteria. Such an MCDA can thus provide guidance on investing in the most
valuable interventions and disinvesting in less valuable interventions, rooted in a
definition of value that integrates conflicting ethical positions related to the triple
aim that are operationalized in the criteria.

3.3.7 Step 7: Dealing with Uncertainty

Acknowledging uncertainty and providing means to explore it support the
legitimacy of the MCDA process.

A fundamental uncertainty is whether the criteria included actually capture all
the concepts that reflect what one aims to measure. This requires a thorough
iterative validation process of the concepts underlying the criteria, bearing in mind
the principles of MCDA and the objectives that the framework is meant to achieve.
Exploration of the face validity of results obtained with the MCDA exercise is a
prerequisite to avoid major misrepresentations of participant views.

Weighting explores trade-offs, which are expected to vary across stakeholders
representing different views of the society. Uncertainty here is more a question of
the representativeness of the committee members for a system-level decision than
of mathematical calculations. Mathematics, however, are helpful to capture the
diversity and transform the participatory process into a value measurement with an
estimation of variability using appropriate statistics.
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Uncertainty related to scoring includes uncertainty on the evidence, which is a
fact in decisionmaking, and uncertainty on the interpretation of the meaning of the
evidence, which can be captured, for example, by allowing users to provide ranges
of scores.

A number of technical aspects, such as developing value functions for each
criterion, the uncertainty related to the assumptions that have to be made to develop
these, and the aggregation model (linear vs more complex) are described in more
detail in the chapter by Oudshorn et al. From the procedural value standpoint,
simplicity is important to limit the mental distance between the MCDA framework
and the natural reflection and deliberation that takes place in decisionmaking.

3.3.8 Step 8: Reporting Results, Deliberation, Decision,
Communication, and Implementation

Results of the MCDA-supported reflection, be they quantitative, semiquantitative,
or qualitative, must be reported with clarity to those who apply the framework to
ensure that face validity can be ascertained. Reporting of results is not trivial and
quite critical for legitimacy. It should be done ideally during the deliberation, as a
key procedural value of MCDA is its ability to clarify and support the deliberation
process (Baltussen et al. 2016; Jansen et al. 2016). MCDA helps also communicating
the reasoning that takes place during the committee’s deliberation. Clarity on this
reasoning facilitates acceptability by stakeholders. In this way, MCDA can be
viewed as a method to operationalize accountability for reasonableness (A4R).

Once value related to the triple aim (holistic value) has been measured through
the MCDA, implementation requires a financial exercise to invest in those
healthcare interventions with high value and disinvest in those with low value. Such
holistic value measurement provides a solid basis for ranking interventions and
guides wise use of resources, which is characterized by opportunity cost and
feasibility considerations (Fig. 3.2). Indeed, opportunity costs, in the sense of
resources forgone due to the implementation of a new intervention, are at the root of
ethical management of collectively funded healthcare systems (Claxton et al. 2015).
Management of opportunity costs and affordability requires a financial exercise to
estimate the total economic impact of interventions on a given system (Peacock
et al. 2007). MCDA can thus help build sustainable healthcare systems.

3.4 Conclusion

This reflection suggests that MCDA can operationalize numerous ethical aspects
and enhance the A4R framework set forth by Daniels and Sabin almost two decades
ago (Daniels and Sabin 1997). Healthcare decisionmakers at all levels increasingly
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face ethical dilemmas in accommodating various mandates and constraints including
those of patients, clinicians, policymakers, payers, and developers. MCDA might
provide an opportunity, a road map, to open the path to a collective reflection on
accountable and socially responsible identification of interventions that contribute
the most to the triple aim of healthcare. Indeed, building on the principles of the
A4R framework, MCDA can be designed to make explicit the values, competing
ethical dilemmas, and uncertainty inherent to healthcare decisionmaking while
furthering participatory and transparent processes (Baeroe and Baltussen 2014;
Baltussen and Niessen 2006).

When making a decision in the name of the population they serve, decisionmakers
struggle to achieve a balance between the imperative to help individual patients, to
serve the population as a whole in a fair manner, and to maintain health system
sustainability. While the MCDA method does not resolve ethical dilemmas, its
strength lies in its ability to explicitly identify, make, and communicate trade-offs
among competing ethical claims. It does so by clearly defining the relevant criteria
that reflect the values and principles of a given institution or society it represents
and by helping stakeholders identifying trade-offs. This makes reasoning more
powerful and more transparent, which can facilitate understanding and acceptance
of the coverage decision. It can also foster development of healthcare interventions
with best value regarding the triple aim.

Thus, selecting criteria for an MCDA for an HTA/MoH application has strong
ethical implications. For example, if the criterion disease severity is included and
considered under the assumption that an intervention for a severe disease has a
higher value than for a disease that is not severe (this assumption is translated into
the scoring scale: high end of the scale=severe disease; low end of the scale=very
mild condition), the resulting MCDA value measurement of the healthcare intervention
embeds, by design, the ethical aspect that those who are worst off (with a severe
disease) should be prioritized, an aspect of fairness. They are prioritized in the sense
that the intervention is given more value because it is for a severe disease relative to
an intervention for a mild condition. By applying this reasoning to all the criteria
of an MCDA rooted in the triple aim, the apparently conflicting goals, and their
underlying ethical aspects:

» Serving the individual patient (imperative to help with best type of benefit, best
efficacy, safety, and PRO — aspects of deontology)

e Serving the population (benefit large number of individuals [greatest benefit
to greatest number — an aspect of utilitarianism]; prioritize those who are
worst off and with severe diseases and unmet needs — an aspect of distributive
justice)

* Ensuring sustainability (reduce cost of intervention and other costs — an aspect of
utilitarianism) can be balanced based on knowledge (relevant and valid evidence,
expert knowledge, contextual knowledge — an aspect of practical wisdom) and
insights from committee members to make a decision that fair-minded people
would find reasonable. Of note, this approach is at the root of the development of
the open source, EVIDEM framework (Goetghebeur et al. 2008; Collaboration
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2015; EVIDEM 2015), which was designed and is continuously developed with
input from stakeholders from around the world over the past 10 years to put
ethics in action.

This chapter is meant to initiate the discussion on the ethical aspects of
MCDA. Because this field is in its infancy, further research on each aspect presented
here is warranted.
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Chapter 4

Incorporating Preferences and Priorities
into MCDA: Selecting an Appropriate
Scoring and Weighting Technique

Kevin Marsh, Praveen Thokala, Axel Miihlbacher, and Tereza Lanitis

Abstract A key component of many multi-criteria decision analyses (MCDAs)
is the elicitation of stakeholder preferences in the form or scores and weights.
A challenge to the MCDA practitioner is that there is little guidance about how to
choose between the many scoring and weighting techniques. This chapter describes
and illustrates the four commonly used methods — direct rating (specifically an
instance of the use of the Evidence and Value: Impact on Decision Making
(EVIDEM) framework), Keeney-Raiffa MCDA, the analytical hierarchy process
and discrete choice experiment — and identifies key differences between these
techniques in order to support researchers to determine the most appropriate technique
in different circumstances. It is concluded that there is no ‘best” MCDA method, with
the pertinence of methods depending on the objective of the analysis.

4.1 Introduction

Multi-criteria decision analysis (MCDA) has been widely applied outside of
healthcare (Communities and Local Government (CLG) 2009), but its value to
healthcare decision makers has only recently been realised. As they become more
familiar with MCDA, healthcare decision makers and researchers are acknowledging
its potential to improve decision making (Baltussen and Niessen 2006; Devlin and
Sussex 2011; Marsh et al. 2014; Thokala and Duenas 2012). As a consequence,
there has recently been an increase in the number of publications on MCDA in
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healthcare (Diaby et al. 2013), including a number of publications reporting MCDA
applied to evaluate healthcare interventions and support decision making (Marsh
et al. 2014); and this interest is not confined to methodological curiosity. Decision
makers themselves are piloting and implementing MCDA. In Germany, the Institute
for Quality and Efficiency in Health Care (IQWiG) has piloted the use of two
types of MCDA — conjoint analysis and the analytical hierarchy process — to weigh
clinical endpoints and generate efficiency frontiers based on aggregated outcomes
(Miihlbacher et al. 2013; Hummel et al. 2013). The Lombardi region of Italy has
adopted an MCDA framework for Health Technology Assessment (HTA) (Radaelli
et al. 2014), and the use of MCDA is not just restricted to HTA. The European
Medicines Agency (EMA) reviewed methodologies for quantitative benefit risk
assessment (BRA), concluding that MCDA would be useful for difficult or contentious
cases where the benefit-risk balance is marginal (European Medicines Agency
(EMA) 2012); and MCDA has been successfully tested as a tool for supporting
shared decision making (SDM) between clinicians and patients (Dolan 2008).

This interest in MCDA reflects its potential, if done well, to support transparent,
consistency and rigorous decision making in healthcare. Healthcare decisions
invariably require the assessment of interventions that differ on multiple dimensions,
by stakeholders who disagree on the relative value of these dimensions, and under
conditions of uncertainty. MCDA provides a framework and a range of analytical
techniques to help support decision makers identify and agree the criteria against
which interventions should be assessed, measure the performance of interventions
against these criteria, explicitly state the weights they give to the criteria, aggregate
performance and priority data into an overall assessment of interventions and
explore the implications of uncertainty on this assessment (Communities and Local
Government (CLG) 2009). Decision makers who have participated in MCDAs are
generally positive about the support it provides, observing that it facilitates knowledge
transfer, improves transparency and improves the quality of discussions (Marsh
et al. 2014).

MCDA is an umbrella term for several analytical techniques. First, three broad
methodologies are often distinguished — value measurement, goal programming and
outranking methods (Thokala and Duenas 2012). This chapter is concerned with
value measurement techniques, as these are by far the most prevalent in the healthcare
literature (Marsh et al. 2014). Second, although value measurement techniques share
several common steps, multiple techniques are adopted to implement these steps.
This chapter is concerned with two of these steps — scoring and weighting. Multiple
methods exist for eliciting scores and weights, such as direct rating, swing weighting,
the analytic hierarchy process (AHP) and discrete choice experiments (DCEs)
(Marsh et al. 2014).

The healthcare literature, however, provides little guidance on the selection of
appropriate scoring and weighting methods, and MCDAs in healthcare rarely justify
their selection of scoring and weighting techniques (Marsh et al. 2014). With this in
mind, the objectives of this chapter are twofold: first, to describe and illustrate the
different scoring and weighting approaches used in MCDA in healthcare to date
and, second, to identify the key differences between these techniques in order to
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support researchers to determine the most appropriate techniques in different
circumstances.

4.2 Overview of Weighting and Scoring Techniques

The objective of the weighting and scoring steps of the MCDA is to capture
stakeholders’ priorities and preferences for criteria, which can then be combined
with data on performance to assess the relative overall value of options. Weights
capture priorities or preferences between criteria, for instance, how important is
criterion 1 compared with criterion 2. Scores capture priorities or preferences within
a criterion — for instance, how important is a change from A to B compared with a
change from C to D on criterion 1 —and sometimes an evaluation of performance on
the criteria. Combining these two pieces of data, we are able to assess the relative
importance of any change in performance within any of the criteria.

We use the phrase ‘priorities or preferences’ to reflect the fact that different
concepts are used to characterise weights and scores. A distinction that is often
drawn in the literature is between MCDA methods that correspond with the axioms
of utility theory — transitivity, completeness and independence — and those that don’t
(Guitouni and Martel 1998; De Montis et al. 2005). We might use the term ‘preferences’
to describe weights and scores that are consistent with the requirements of utility
theory and ‘priorities’ for those that are not.

We can usefully characterise weighting and scoring methods in other ways. First,
methods used different elicitation modes. That is, scores and weights can be
described using different types of scales, including categorical, ordinal, interval and
ratio scales. Second, elicitation techniques can be described as ranking, direct
rating, pairwise, choice based or matching (Weernink et al. 2014). Direct methods
require stakeholders to provide data that directly address the scores and weights for
individual criteria. Pairwise methods elicit data on the relative importance of two
criteria, with multiple pairwise comparisons being used to derived weights and/or
scores. Choice experiments require stakeholders to choose between hypothetical
options, each described using multiple criteria, with responses to multiple choice
sets being used to derive weights and scores. Matching methods require respondents
to provide number(s) that will make them indifferent to a particular outcome
described using multiple criteria.

This section illustrates weighting and scoring methods by describing four different
scoring and weighting techniques: direct scoring and weighting (specifically, an
example of the implementation of the Evidence and Value: Impact on Decision
Making (EVIDEM) framework), Keeney-Raiffa MCDA (swing weighting with partial
value functions), the AHP and DCE. These techniques were chosen as they are
particularly prevalent in the healthcare literature (Marsh et al. 2014) and are
representative of the diversity of approaches employed, though it is important to note
that many other methods are available (Guitouni and Martel 1998). Table 4.1 indicates
how each of these methods can be described using the categories described above.
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Table 4.1 Overview of the scoring and weighting methods used in the illustrations described below

Example Scoring Weighting

Direct rating Direct elicitation Direct elicitation
Ordinal scale Ordinal scale

Keeney-Raiffa MCDA Bisection method Swing weighting
Interval scales Interval scale

AHP Pairwise comparison Pairwise comparison
Ordinal scale Ordinal scale

DCE Choice experiment
Interval scale

4.2.1 Direct Rating

An application of the EVIDEM framework is used to illustrate direct rating. The
EVIDEM framework is used to inform HTA (Radaelli et al. 2014; Goetghebeur et al.
2008; Goetghebeur et al. 2010, 2012; Tony et al. 2011; Miot et al. 2012) and clinical
decision making (Deal et al. 2013). The framework is collaboratively developed as a
support tool for decision making and priority setting. The current version includes 13
quantifiable criteria (see Table 4.2) and 7 qualitative criteria, defined based on
analyses of the literature and consultations with stakeholders (Tanios et al. 2013).

While EVIDEM can be applied using different weighting approaches (6 weighting
methods are available with EVIDEM (van Til et al. 2014)), its specificity lies in the
scoring of interventions against criteria (see Table 4.2). One particular implementation
of the EVIDEM framework (a 5-point rating weighting method in combination with
the EVIDEM scoring system) is an example of direct scoring and weighting.

The simplicity of the direct rating method means that it is frequently applied in
healthcare decision making (Marsh et al. 2014). However the method is subject to a
number of shortcomings. First, the use of categorical scales for scoring potentially
results in a loss of information. That is, if the relationship between criteria measurements
and scores is continuous, differences in between the anchors included on the
categorical scale are not captured by the model. Second, criteria weights are elicited
independently of the performance being evaluated.

4.2.2 Keeney-Raiffa MCDA

The literature contains a number of examples of swing weighting being combined
with partial value functions (European Medicines Agency (EMA) 2011), which we
are referring to as Keeney-Raiffa MCDA after the authors of the seminal text in
which the approach is described. This is illustrated here using the hypothetical
example of treatments with the following performance: risks of minor safety events
of between 10 and 20 % and a risk of experiencing malignancy between 5 and 10 %.

Both swing weighting and partial value functions can be constructed using a
local scale or a global scale. A local scale contains the range of values of a criterion
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Table 4.2 Example of scoring scales used in EVIDEM v3.0

Domain/criteria Scoring scale and anchors
Need Disease severity S5=very severe; 0=not severe
Size of affected population 5=common disease; 0=very rare
disease
Unmet needs 5=many and serious unmet needs; 0=no
unmet needs
Comparative Effectiveness 5=much better than comparator;
outcomes —5=much worse than comparator
Safety/tolerability 5=much better than comparator;
—5=much worse than comparator
Patient-perceived health 5=much better than comparator;
—5=much worse than comparator
Type of benefit Type of preventive benefit 5=elimination of disease; 0=no
reduction in risk of disease
Type of therapeutic benefit 5=cure/lifesaving; 0=no therapeutic
benefit
Economic Cost of intervention 5=substantial savings; —5 =substantial
consequences additional expenditures
Other medical costs 5=substantial savings; —5 = substantial
additional expenditures
Nonmedical costs 5=substantial savings; —5 =substantial
additional expenditures
Knowledge about Quality of evidence 5=highly relevant and valid; O=not
the intervention relevant and/or invalid
Expert consensus/clinical 5=strong recommendation vs other
practice guidelines alternatives; 0 =not recommended

Source: https://www.evidem.org/docs/2015/EVIDEM-v3-0-Decision-criteria-conceptual-background-
definitions-and-instructions-June-2015.pdf

within the alternatives examined, while a global scale contains the full range of
plausible values. In the example used here, local scales would cover the range
performed noted above, while global scales would extend beyond these, up to and
including 0-100 % should this range be considered feasible. The decision between
local and global scaling should not make a difference to the ranking of options, but
may impact the ability of the analytical framework to evaluate other treatments
(Communities and Local Government (CLG) 2009).

4.2.2.1 Construction of Partial Value Functions

When the ranges of each criterion have been identified, partial value functions
are developed to specify the relationship between changes along these ranges of
performance and the score that will be input into the MCDA, often defined on a
scale of 0-100. If a linear function defines this relationship, the specification of the
partial value function is straightforward. If this function is non-linear, there are
a number of methods that can support the elicitation of these functions from
stakeholders (Belton and Stewart 2002; Keeney and Raiffa 1976). For example, a
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partial value function for the above 5-10 % range of risk of experiencing malignancy
could be developed using the bisection method, by answering the following
question: “What aesthetic level is halfway between a 5 % risk (i.e. the most desirable
value with 100 in the local function) and 10 % risk (i.e. worst value with O in the
local function)?” (Suedel et al. 2009). This process can be iterated between several
points in the scale to understand the shape of the value function.

4.2.2.2 Swing Weighting

The first step in the swing weighting exercise is to identify and assign 100 points to
the criterion with the swing (range of performance) that matters most. This is
followed by a pairwise comparison between this criterion and each of the others to
determine the relative importance of criterion, and correspondingly allocate them
points between 0 and 100. For example if the risk of experiencing malignancy with
atreatment was assigned a weight of 100, we might ask stakeholders: ‘If an improvement
in the risk of experiencing malignancy of 10-5% is given a weight of 100, on a
scale of 0—100, how important is an improvement in the risk of minor safety events
from 20 to 10%?’. This process is then repeated for all remaining criteria to obtain
the relative ratio scale of each criterion.

While swing weighting and constructing partial value functions are more
cognitively demanding and time consuming than the simple direct rating approaches
(e.g. as adopted by the EVIDEM approach), they have a number of advantages.
First, a key benefit of swing weighting is that the weight on a criterion reflects the
range of performance of the alternatives being evaluated (Communities and Local
Government (CLG) 2009). Second, the use of continuous scales to define partial
value functions allows more granularity in the construction of priorities.

4.2.3 Pairwise Comparison Using Ordinal Scales (Analytic
Hierarchy Process)

The AHP was developed by Saaty in the 1970s (Saaty 1977, 1980) and was
introduced to healthcare by Dolan in 1989 (Dolan 1989; Dolan et al. 1989). The
application of AHP in health contexts has increased over recent years (Liberatore
and Nydick 2008) (see Chapter 11). Within the last 5 years, around 200 studies have
been listed in PubMed. Thereby there are several indication-specific analyses, for
example, in the field of cardiovascular diseases (Lee et al. 2015), infectious diseases
(Tu et al. 2013) or renal cancer (Suner et al. 2012).

A key feature of AHP is its use of hierarchies of criteria to divide complex
decision problems into smaller pieces. However, in this paper we are interested in
the pairwise comparisons undertaken within these hierarchies to determine the
scores and weights given to criteria.
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As an example, imagine we are interested in the priorities of patients that suffer
from type 2 diabetes mellitus (T2DM). The decision problem can be divided into
the primary decision criteria, which would be finding the optimal T2DM treatment
(1. hierarchy). This can be subdivided into the relevant dimensions of a possible
treatment, which would be the ‘outcome effects’ and ‘possible side effects’ (2.
hierarchy). Each of these dimensions can be further subdivided. This means being
described at a lower level. Outcome effects are ‘control of blood glucose level’,
‘delay of insulin therapy’ and ‘reduction hypoglycaemic events’. Possible side
effects are ‘possible weight change’, ‘urinary tract infection’, ‘genital infections’
and ‘gastrointestinal problems’ (3. hierarchy).

In order to determine the weights of criteria, patients are posed pairwise
comparisons of criteria, indicating the relative importance of the criteria on a
9-point scale (see Fig. 4.1). The data obtained from these pairwise comparisons
are used to estimate weights using the eigenvector calculation (Saaty 1980, 1990).
Eigenvalues and eigenvectors are used to solve ordinary differential equations. To
check if answers are consistent, Saaty proposed what is called consistency ratio.
Before calculating the preference statements, a consistency check is performed,
meaning that the answers have to fulfil the transitive property. If answers are
transitive, this approach assumes consistency. According to Saaty an evaluation
matrix is sufficiently consistent if the consistency ratio is smaller than 0.1 (Saaty
1980). Other authors are of the opinion that in complex hierarchies, a consistency
ratio of 0.2 would be acceptable (Dolan 2008; IJzerman et al. 2008; van Til et al.
2008). If the consistency measure exceeds the given benchmark, the hierarchy
elements should be assessed again, or the hierarchy should be fully reviewed
(Saaty 1977, 1980).

The AHP has the potential to support decisions by structuring the expectations
and opinions of the patients, insurants, experts and other stakeholders. Dolan (1995)
concluded that using the AHP method, patients become able to analyse and
structure complex clinical problems (Dolan 1995). Within the application of AHP, it
is important to note that the axiom of transitivity is a necessary but not an excluding

Which treatment characteristic is more important
and how much more important?

Extreme Very strong Strong Moderate Equal Moderate Strong  Very strong  Extreme
importance importance importance importance importance importance importance importance importance
1
9 7 5 3 1 -3 -5 -7 -9
Side effect: Dyspnea or Frequency of intake

Fig. 4.1 Example of a pairwise comparison undertaken to determine criteria weights in AHP
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condition (Scholl et al. 2005). This implies that inconsistent preference judgments
are accepted to a certain degree (Haedrich et al. 1986). Furthermore, the lack of
theoretical foundation and the lack of stability of the results are central points of
criticism that should be considered before the application of AHP for preference
measurement. The limited feasibility of interpretation as a result of the scale used in
AHP as well as the not very realistic way of the pairwise comparisons of single
elements should also be taken into consideration before the application of AHP
(Manthey 2007; Dyer and Wendell 1985).

The AHP assumes that decision criteria are independent of one another. When
this assumption is not appropriate, the analytic network process (ANP) can be used
(Saaty and Vargas 2006). Rather than arranging decision criteria in a hierarchy, the
ANP structures criteria in a network, allowing the identification and consideration
of interrelationship between criteria. Furthermore, the ANP allows the traits of the
alternatives under evaluation to impact weights. For instance, if all the alternatives
were performed similarly on a criterion, the importance of that criterion would be
reduced. Like the AHP, the ANP uses pairwise comparisons to elicit the weight of
criteria. Although the ANP technique removes the deficiencies inherent in the AHP
approach, the ANP is less prominent in the healthcare literature (Marsh et al. 2014).

4.2.4 Discrete Choice Experiment

DCE is a choice-based version of the conjoint analysis, which was made possible by
the theoretical work of Lancaster (1966) and McFadden (1974). Instead of ranking
or rating different therapeutic features (as in traditional importance elicitation
formats and in conjoint analysis), DCE asks the participants to choose (decide)
between hypothetical alternatives that are differently configured according to the
criteria included in the MCDA (Ben-Akiva and Lerman 1985). By doing so, it
forces respondents to make trade-offs between attributes, respective of their levels.
Regression analysis is applied to data obtained from such choice-based surveys to
determine the contribution of changes in criteria to the likelihood that respondents
would prefer an intervention.

DCE:s are increasingly used in the health economics and health services research.
The research group of de Bekker-Grob published a paper in 2012 showing a
strong increase of studies (de Bekker-Grob et al. 2012). This trend continued as
demonstrated by the review of Whitty and colleagues that identified more than
1,100 preference studies in healthcare setting (Whitty et al. 2014).

As an example, imagine we are interested in the preferences of patients who have
suffered a myocardial infarction and need long-term follow-up medication. Five
characteristics of possible treatment options could be identified that are patient
relevant during the decision-making process. These are ‘reduction of mortality
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Characteristics Treatment A Treatment B

Frequency of intake ' 5173

To be taken ... Three times Once > TESEEEE
a day . . a day

Heart attack risk

) fror 1 h Low A Moderate
pa:(lents suffer from a new heart 5 of 100 . m 6 of 100
attack. Persons (5%) - Persons (6%)
Bleedings
5% of the patients suffer from ... Mild b Moderate
bleedings bleedings ‘ ‘
Shortness of breath
Patients suffer (short-term) from ... Severe t b No
Dyspnea ¥ K Dyspnea
Risk of death Low o High »
-~ patients die. 4of100 T = 6oft00 " =%
Persons (4%) Persons (6%)

Fig. 4.2 Example of choice set in discrete choice experiment

risk’; the treatment causing side effects like ‘shortness of breath’, ‘bleeding’ and
‘risk of a new myocardial infarction’; and the frequency of intake of the tablets
(Miihlbacher and Bethge 2015). Within the DCE these characteristics are presented
as treatment options. The patient is asked to indicate which treatment he/she would
choose (see Fig. 4.2).

Each participant or patient is faced with a sequence of these decision tasks.
By the estimation of several hundred of these trade-off decisions, enough data is
generated for regression modelling techniques to be applied to determine
participants’ preferences for changes within and between criteria.

This method offers practical advantages, such as closeness to reality, as trade-off
decisions are part of everybody’s everyday life. The implementation of pairwise
comparisons of a hypothetical alternative considerably reduces the degree of
complexity of the tasks for the participants (Ryan et al. 2008). Nevertheless, there
are several fields that need further addressing in research. For example, questions
relating to the optimal experimental design, the identification of attributes and their
related levels, the field of assumption for the regression models and further more.
Several checklists and guidelines are available to help researchers address these
issues when designing DCEs (Bridges et al. 2011; Lancsar and Louviere 2008;
Johnson et al. 2013).
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4.3 Which Scoring and Weighting Techniques Are Most
Appropriate?

Studies that have addressed the relative merits of MCDA approaches have tended
to do so at the level of methods, rather than specifically comparing scoring and
weighting techniques. For instance, they often compare AHP with multi-attribute
utility theory (MAUT) (see, for instance, Guitouni and Martel 1998; De Montis
et al. 2005; Velasquezl and Hester 2013; De Montis et al. 2000; Getzner et al. 2005;
Ivlev et al. 2014; Dolan 2010). However, given that scoring and weighting methods
are perhaps the element of MCDA methods that distinguish them most, this
literature still holds some interest for our purpose in this chapter.

Nevertheless, a comparison at the level of methods is of only limited use to those
wanting to implement MCDA in healthcare. First, there are a number of specific
techniques that are consistent with the principles of MAUT. Consequently, such an
approach unnecessarily obscures the method choices available to researchers. We
contend that it is more productive to compare specific scoring and weighting
techniques, rather than MCDA methods. Second, this literature does not address the
specific objectives and challenges posed by healthcare decision making. For
instance, rather than simply selecting between a discrete number of options, it is
often the objective of healthcare decision makers to undertake a detailed
comparison of the relative value of options and/or criteria.

Consequently, this section draws on the insights from this literature, but
presents the comparison at the level of scoring and weighting techniques, rather
than methods. Furthermore, we put more emphasis on the ‘validity’ of the results
generated by different approaches. We think this is necessary given the objective
of some healthcare decision makers to understand the relative ‘value’ of
interventions.

The healthcare literature contains empirical work comparing the results of
weighting methods (van Til et al. 2014). But we are only aware of two
manuscripts that attempt to assess the relative merits of different methods from a
healthcare decision-making perspective (Ivlev et al. 2014; Dolan 2010). These
put a lot of emphasis on practical factors, such as user-friendliness and resources
required. These are important when determining the relevance of a method, but
we believe a greater emphasis should be placed on the validity of the results
obtained.

The remainder of this section is organised around the following factors that
distinguish MCDA techniques:

. The level of ‘validity’ required in the analysis

. The cognitive burden that methods place on stakeholders
. Interpreting and communicating the results of MCDA

. Practical constraints

AW N =

The relevance of these factors is illustrated using the four examples of scoring
and weighting methods included in the previous section.
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4.3.1 ‘Validity’ of Scores and Weights

A method is valid if it measures what it claims to measure (Kelley 1927). In the
context of MCDA, we interpret this as meaning that scoring and weighting methods
are valid if they accurately capture priorities or preferences in a manner consistent
with the requirements of the analytical model being employed.

It almost goes without saying that we would want an MCDA to produce valid
results. As with any methodology, however, different ways to implement an MCDA
can be placed on a scale reflecting an effort-validity trade-off. The importance of
validity in the results of an MCDA will depend on the objective of the analysis. Validity
is paramount if the objective is to produce a precise estimate of the value of an option
to allow a complete ranking of the potential options, for instance, when informing pricing
decisions or when designing a HTA methodology that can be repeatedly applied to
multiple future assessments. When the objective is to rank options — for instance, when
prioritising a predetermined list of options — it is possible to imagine a lower level of
validity being acceptable. The demands on the method are less arduous, only requiring
the determination of whether the value of one option is greater than another, rather than
providing a precise measure of the value of each option. Though, even when ranking,
the importance of validity increases as options become less easy to distinguish, which
will be a function of the number of, among other things, options being ranked.

To understand what validity means in the context of MCDA, it is useful to
consider the requirements of the analytical framework that underlies the approach
adopted by most MCDAs undertaken in healthcare — the simple weighted sum
approach. This is illustrated in the equation below:

i
vy =25w
0

where s;; is the score for intervention j on criterion 7 and w; is the weight attached to
criterion i.

For the simple weighted sum approach to be applied, a number of principles
must be adhered to. Criteria are assumed to be compensatory — an improvement in
one criterion can offset a worsening of another. Several more requirements follow
from this compensatory principle. First, weights must be scaling constants or value
trade-offs, reflecting the rate at which changes in criteria compensate one another.
Second, scores must have interval scale properties — equal increments on a scoring
scale should represent equal increments of value, so, for instance, a change from 10
to 20 is of equal value as a change from 40 to 50.

4.3.1.1 Do Scores Display Interval Properties?
Interval properties are displayed by interval variables and ratio variables. For

instance, of the examples above, the partial value functions, point allocation
methods and the coefficients generated by the DCE display interval properties.
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The ordinal scales illustrated above do not necessarily display interval
properties. In the example of the application of the EVIDEM framework in the
previous section, two ordinal scales are employed — a scale of 1-5 for weighting,
where 1 denotes the lowest weight and 5 denotes the highest, and scale of 0-3 for
scoring where O denotes the least valuable score and 3 the most valuable score. In
neither of these instances can we say for sure that a change from 1 to 2 is necessarily
worth the same value as a change from 2 to 3. The same point can be made about
the ordinal scales employed by AHP. It is not possible to say that moving from a
score of 2 (weakly preferred) to a score of 4 (moderate plus) has the same value as
moving from a score of 5 (strong importance) to a score of 7 (very strong or
demonstrated importance).

This can be illustrated by considering the task of eliciting the values attached to
unit gains in health-related quality of life (HRQoL). It is generally thought that the
value attached to a unit gain in HRQoL is greater than the lower baseline level of
HRQoL. Figure 4.3 illustrates how this might manifest itself in a hypothetical partial
value function used to translate HRQoL into a score. In this case, a 0.1 improvement
in HRQoL on a scale of 0—1 is valued twice as much from a baseline of 0.1 (change
in score of 14 points on a scale of 0—100) than the same change from a baseline of
0.6 (change in score of 7 points).

Both the ordinal scales illustrated above (EVIDEM’s direct rating and AHP’s
pairwise comparison) can, in principle, reflect such non-linearities. However, a
barrier to using such scales to accurately reflect such non-linearities is that they do
not necessarily display interval properties.

As partial value functions and choice experiments generate scales with interval
properties, they are better suited to capturing non-linearities. Whether choice
experiments accurately reflect non-linearities depends on the functional form of the
regression model applied by the research team. For instance, if only two levels are
specified in the survey for a particular attribute (or criteria), it is equivalent to
assuming that the partial value function for that attribute is linear. Alternatively, a
complex DCE design could be adopted, comprising multiple levels on each
attribute, allowing non-linearities to be explored, but at the cost of requiring an
increased research budget. However, it is not entirely clear how the validity of such
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a design can be determined a priori, without actually eliciting the partial value
function from stakeholders.

4.3.1.2 Do Weights Reflect Scaling Constant or Trade-Offs?

The hypothetical swing weighting exercise described in the previous section might
produce the following result: a reduction in the risk of experiencing malignancy
from 10 to 5 % is deemed the most important swing on a criterion and is assigned a
weight of 100. Another criterion of swing — for instance, a reduction in the risk of
experiencing minor safety events from 20 to 10% — is allocated 50 points. The
MCDA model will interpret these weights as trade-offs, implying that stakeholders
would be left no worse off if they experienced an increase in the risk of minor safety
events of 10-20 % and a reduction in the risk of malignancy from 10 to 7.5 %. It is
not immediately obvious that stakeholders responding to the swing weighting
exercise will be precisely aware of this implication. Rather, it is necessary that
swing weighting exercises are carefully explained to participants, and results
validated to ensure that scaling constants are being elicited.

Another obstacle to the elicitation of scaling constants during weighting
exercises is the fact that some methods elicit assessment of importance, independent
of a range of performance or consequence (Keeney 2002). Swing weighting is an
example of a method that elicits weights for a particular range (the swing). The
EVIDEM and AHP examples, however, elicit stakeholders’ assessment of the
importance of criteria independent of a range of performance. For instance,
the EVIDEM example asks stakeholders how important an improvement in efficacy
is on a scale of 1-5. It does not provide stakeholders the range of levels of
improvement in efficacy being evaluated; without which it is difficult to envisage
that the results of the weighting exercise will be scaling constants.

DCE requests that respondents make trade-offs. By posing stakeholders with
choices between hypothetical options, each described with multiple criteria, it
requires stakeholders to make trade-offs between changes in performance on these
criteria. The responses will be scaling constants if respondents think rationally
about the criteria — that is, in a manner that reflects the axioms of expected utility
theory — and they do not fall back on heuristics to simplify the choice problem.

4.3.2 Cognitive Burden on Stakeholders

Scoring and weighting methods vary in the level of cognitive challenge they pose
participants. This can in turn be divided into three dimensions. First, techniques
vary in the elicitation modes they adopt. For instance, making a choice (as required
by DCE) is something participants are used to doing and is thus more intuitive than
providing a valuation (as is the case to varying extents with many other techniques).
Related to this, the ordinal data collected in a DCE is easier for participants to
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provide than the cardinal data required by, for instance, point allocation techniques,
which in turn is easier for participants to provide than having to describe a partial
value function.

Another variant on the elicitation mode is whether priorities or preferences are
expressed numerically or nonnumerically. Behavioural experiments suggest that
decision makers with higher numeracy express values more easily when assisted by
numerical techniques, whereas decision makers with higher fluency find value
elicitation easier with nonnumerical techniques (Fasolo and Bana e Costa 2014).
For instance, AHP has verbal, quantitative and graphical elicitation tools (Dolan
2008) so that it can be tailored to decision makers’ abilities.

Second, the elicitation techniques adopted pose participants with tasks of
varying levels of complexity. For instance, the pairwise comparisons required by
AHP are easier for participants than the comparisons required by swing weighting
(which need consideration of the range of values a criterion can take) or DCE,
which require participants to weigh up options across multiple criteria. Though it
should be noted that the relative simplicity of the AHP elicitation questions comes
at the cost of needing to ask multiple such questions, and to do so separately for
both scoring and weighting exercises. Furthermore, the cognitive challenge posed
by the DCE choice sets will depend on the DCE design, and it is contingent on the
researcher to ensure that such designs do not become overly complex.

Third, the ‘support’ provided to participants varies between the techniques. This
is at least partly a function of whether a workshop or a survey approach is adopted.
DCEs invariably adopt a survey-based approach, which are inevitably limited in the
information they can provide participants and do not allow for interaction with or
between participants. DCEs assume that stakeholders possess latent value functions
that can be elicited through their responses to surveys. In contrast, the other
techniques described above tend to be undertaken in a workshop context. This
facilitates knowledge sharing between experts and participants, allows participants
to clarify the tasks being posed and also facilitates discussion between participants.
The latter is particularly valuable when participants are not expected to have
well-formed preferences for the criteria.

4.3.3 Interpreting the Outputs from MCDA

Factors that will impact the interpretation of the outputs from an MCDA can be
broadly organised into three groups. First, the meaning of results varies between
weighting methods. Many of the methods discussed above adopt a simple weighting
sum approach, which tend to produce results on a 0—1 scale, the meaning of which
will vary with the design of the MCDA and will need careful explanation to
stakeholders. For instance, where weighting methods generate estimates of trade-offs,
rather than estimates of importance, changes in this scale have a more specific
meaning and are thus easier to interpret. Subject to an exploration of the uncertainty
in inputs, where trade-offs are elicited, the intervention with the higher score is
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preferred by stakeholders. DCE produces a different output. Given the DCE collects
data on stakeholders’ choices between hypothetical interventions, the models fit to
this data predict the probability that stakeholders will chose one intervention rather
than another.

Second, the transparency of the methods will impact the accessibility of the
MCDA results to stakeholders. For example, stakeholder engagement with the
results of MCDA is supported if weights are estimated instantaneously (i.e., in real
time) when using direct rating or swing weighting methods. However, when using
AHP, the results of the pairwise comparisons are converted into weights/scores
using matrix calculations to estimate the eigenvector (and eigenvalue). Similarly,
the weights and scores from DCE are estimated by performing statistical analysis
using the choices from the stakeholders.

Third, the interpretation of the results should consider the impact of heterogeneity
of and uncertainty in preferences. A choice needs to be made about whether the aim
is to reach consensus among the stakeholders. Workshop-based methods tend to
cover a smaller sample of stakeholders, but can be used to reach consensus among
stakeholders, something that is not possible with survey-based methods.

The outputs from MCDA should also include sensitivity/robustness analysis to
the uncertainty in the evidence. Some weighting/scoring methods allow direct
incorporation of uncertainty evidence, while other methods need to elicit the
weights/scores again in light of the uncertain evidence. For example, swing weighting
can incorporate the evidence uncertainty directly in the partial value scores, while
direct rating and AHP cannot.

A similar issue is the availability of a new ‘alternative’ after completion of the
MCDA exercise. Again, swing weighting and DCEs can evaluate the overall value
of the new alternative, given its performance on different criteria. However, when
using direct rating methods, this new ‘alternative’ needs to be evaluated separately,
and when using AHP, this alternative needs to be compared with all the rest of the
initial ‘alternatives’.

4.3.4 Practical Challenges

The practical challenges with eliciting the weights/scores in an MCDA can be
broadly classified into (a) skill and resource constraints and (b) availability and time
constraints.

Skill and resource constraints refer to the availability of personnel with specific
skills, specialist software and analysis tools to support the MCDA process. It is
important to consider whether the relevant expertise is available within the
stakeholder’s organisation, or whether specialist skills are required. Two types of
resources can be distinguished. First, the facilitator skills required to run stakeholders
workshops. Second, the analytical skills required to handle the data generated by the
MCDA. For example, AHP and DCE need specialist analytical skills and software,
while direct rating can be performed using standard spreadsheet calculations.
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However, it is also worth noting that, while certain methods can be delivered using
standard spreadsheet calculations, all methods can be supported by specialist
software or advanced spreadsheet modelling skills, for instance, to support conducting
sensitivity/uncertainty analysis.

Availability and time constraints refer to the challenges in coordinating
stakeholders’ input into the MCDA. This is largely a function of whether a workshop
setting is used to elicit stakeholder inputs, or whether surveys are employed, and the
number and duration of workshops required. The weighting/scoring methods will
require different numbers of workshops, depending, for instance, on whether a consensus
is necessary. The amount of stakeholder time required will also depend on the
elicitation technique employed. For instance, AHP requires pairwise comparison to
estimate the weights/scores which typically needs a significant time commitment.
Swing weighting may also require substantial time to ensure consideration of
ranges/swings. Direct rating and DCE may be performed more quickly.

4.4 Discussion

The increased interest in MCDA in healthcare has not yet been accompanied by the
development of guidance to support those working in the field to select from the
diversity of scoring and weighting to suit their needs. This poses several risks that
may undermine the development and use of MCDA to support healthcare decision
making. First, those designing MCDAs are insufficiently aware of the variety of
techniques. Second, researchers may be aware of the alternative methods, but are
unsure of which is most appropriate.

This paper identified a number of factors that can help those designing MCDA to
distinguish between alternative scoring and weighting techniques and to determine
those most appropriate to their needs. These are illustrated by applying them to
describe the scoring and weighting methods adopted by four commonly employed
MCDA techniques.

We would agree with the conclusions of other attempts to provide frameworks for
understanding the differences between MCDA methods (Guitouni and Martel 1998;
De Montis et al. 2005) that there is no ‘best” MCDA method. This was summarised
aptly by Guitouni and Martel (1998) who concluded that ‘All methods have their
assumptions and hypotheses, on which is based all its theoretical and axiomatic
development — these are the frontiers beyond which the methods cannot be used’.

More specifically, the pertinence of the above features of scoring and weighting
techniques will depend on the objective of the analysis, in particular whether the
objective of the analysis is to rank options or to value them. The latter may be necessary
for HTAs, where the objective may be to generate a method that can be applied
repeatedly to different products or where the objective is to determine the price of
an option. In this instance, it would be important to ensure that scores and weights
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have interval scale properties and are scaling constants. It is also likely that the time
and resources required to undertake the necessary analysis would be available.

Other uses of MCDA in healthcare include, for instance, supporting SDM or
authorisation decisions, in which instances a ranking will suffice. The implications
for the required accuracy of the scoring and weighting techniques will depend
on how marginal the ranking is. Where a decision on the ranking of options is not
marginal, less accurate and less cognitive challenging techniques, such as direct rating
or AHP, may be acceptable. Such approaches will be particularly valuable where the
time available to undertake scoring and weighting exercises is limited, such as when
working with patients to support prescribing. However, it is still important to be
aware of the risks associated with these approaches, and appropriate steps should be
taken to validate the results of the analysis. Further, the EMA have concluded that
MCDA is particularly useful where decisions are marginal (European Medicines
Agency (EMA) 2012). That is, it may be the case that MCDA tends to be applied
where accuracy is a necessary feature.

Another important point that should be drawn from the above discussion is the
importance of efforts to validate the results of MCDAs. The cognitive burden associated
with collecting data in a manner that complies with the needs of MCDA — being scaling
constants and having internal scale properties — suggested that it is not sufficient to
just select the appropriate techniques. Effort is required to educate participants about
how the data will be used and to validate that the results of the analysis correspond
with stakeholders’ understanding of how their inputs were intended to be used.

Given the relative merits of different scoring and weighting methods, it has been
argued that no single method is reliable enough to adequately inform decision
making in the context of high stake decisions. Rather, for truly important decisions,
multiple methods should be used to test that they yield the same results — a process
referred to as ‘plural analysis’ (Phillips 1984).

To the best of our knowledge, this is the first paper to address the appropriateness
of scoring and weighting techniques to support different types of healthcare
decisions; therefore, inevitably it is subject a number of limitations. First, while the
study illustrates the difference in MCDA methods using four techniques selected to
be representative of those used in healthcare to date, there are many other
techniques available. Those designing MCDAs in healthcare should thus not restrict
themselves to just those discussed in this paper. Further, the scoring and weighting
components of MCDA methods can be combined in ways other than those
illustrated in this paper. Second, the paper provides a conceptual discussion of the
differences between techniques. This needs to be followed up with further empirical
testing of the different performance of techniques. Third, this testing should include
elicitation of decision makers’ preferences for different methods, which is not
covered in this paper, but will be crucial in determining the success of MCDA. Finally,
the paper says nothing about the implementation of methods. Once appropriate
methods have been selected, researchers should design and implement these
methods in order to minimise the risk of bias (Montibeller and von Winterfeldt
2014).
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Chapter 5
Dealing with Uncertainty in the Analysis
and Reporting of MCDA

Catharina G.M. Groothuis-Oudshoorn, Henk Broekhuizen,
and Janine van Til

Abstract The aim of this chapter is to provide guidance regarding the various types
and sources of uncertainty that influence the outcome of a multi-criteria decision
analysis (MCDA) model. For each MCDA step, i.e., structuring, scoring, weighting,
and aggregating, we will describe sources of uncertainty and point to methods to
deal with these uncertainties. Also the use of sensitivity analyses and the relevance
of qualifying and quantifying uncertainty in MCDA will be discussed. The consideration
of uncertainty is a difficult but important balancing act between capturing the
complex uncertainties of the decision and keeping the MCDA comprehensible for
decision makers.

5.1 Introduction

Multi-criteria decision analysis (MCDA) is no exact science. The output or outcome
of any decision analysis depends on assumptions and decisions made while building
the model and populating that model with criteria weights and performance scores.
This is often referred to with the general term “uncertainty.” Uncertainty can be
regarded as the lack of complete knowledge or certainty about what the model
should look like and what the correct inputs are (French 1995). There are many
types and sources of uncertainty that influence the outcome of the MCDA model in
different ways, each of which deserves specific attention while interpreting the
results of an MCDA.

This chapter first describes the different types of uncertainty. Second, it will give
an overview of how the different types of uncertainty play a role in the stages of an
MCDA (Chapter 4). Uncertainties in the structuring, scoring, weighting and aggregat-
ing stages are reported separately, by discussing sources of uncertainty, (appropriate)
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reporting of uncertainty, and methods to study the influence of uncertainty on the
outputs of the model. Finally, the use of sensitivity analyses and the relevance of
qualifying and quantifying uncertainty in MCDA are discussed. Throughout the
chapter we will point readers to further readings on the different topics.

Briggs and colleagues distinguished and defined four types of uncertainty in
decision analytic modeling, namely, stochastic uncertainty, parameter uncertainty,
heterogeneity, and structural uncertainty (Briggs et al. 2012). We use the example of
a body weight scale to illustrate these different types of uncertainty. Stochastic
uncertainty is the random, unexplained variability between different measurements
of the weight of one person on a single weight scale of the same type and brand that
occurs as a result of randomness, like the flipping of a coin or variation in the
measurements of the weight of a single person if they are measured multiple times
on the same device. Parameter uncertainty refers to the variability in the estimation
of a parameter of interest as a result of different interpretation of the same measurement
scale, for instance, the different readings of an analog weight scale by the same
person on different days or by different persons (which cannot be attributed to
actual differences in weight). The distinction between stochastic and parameter
uncertainty is analogous to the difference between the standard deviation, a measure
of variability of individuals in a population, and the standard error, i.e., a measure
of precision of an estimated quantity. Like the standard error, parameter uncertainty
can usually be reduced or eliminated by increasing the number of measurements.
However, like the standard deviation, stochastic uncertainty cannot be eliminated
but can only be better characterized, for instance, by describing the density
of the random variation or the cumulative distribution. Heterogeneity is the
between-person variability that can be explained by the persons’ characteristics,
e.g., for weight estimates this is the difference in weight between persons as a result
of their differences in body composition. Structural uncertainty refers to the notion
that the output of any model is conditional on its structural assumptions with regard
to the best way to reach the goal itself, for example whether it is preferred to
measure weight on an analog or a digital weighting scale.

As described in the previous chapters, four stages can be identified in an MCDA:
structuring, i.e., establishing the decision context and building the model,
weighting, scoring, and aggregating (recommendation and sensitivity analysis)
(see Fig. 5.1). In each stage of an MCDA, the different types of uncertainty can be
identified.

5.1.1 Problem Structuring

MCDA is mostly used in a group decision-making setting. Belton and Pictet
distinguish three types of group decision-making models that can be employed
during meetings in which judgments are elicited from decision makers: sharing,
aggregating, and the comparing of judgments (Belton and Pictet 1997). In sharing



5 Dealing with Uncertainty in the Analysis and Reporting of MCDA 69

) L 1. Setgoal
Establish decision 2. Select actors

context

Contribute to

1

n

4. Identify criteria

a. Define and describe
Build the model b. Cluster into hierarchy
5. Identify alternatives
6. Select MCDA method

7. Score each alternative on each Scoring Alternative 1 Alternative m
Scoring eriterion Criterion 1 1 3
8. Check consistency of scores
Criterion n 2 1
Weighti 8. é\;&;ggnlmponance weight to each Weighting Criterion 1 Criterion n
el n
9 9 10. Check consistency of weights 0.4 0.6
11. Order alternatives based on Recommendation  Alternative 1 Alternative m
. combination -
Recommendation of scores and weights Weighted score 1.0.4+2:0.6 3.0.4+0.6-1
=16 =18
12. Does the model make sense
intuitively? Rank 2 1

13. What parameters influence decision
most?

14. How much confidence can we have in
the recommended decision?

Sensitivity analysis

Fig. 5.1 Overview of the value-based MCDA decision-making process (leff) and a simple numeric
example (right)

of judgments, decision makers act as one decision maker for the purposes of the
MCDA model. This implies that, even though initially there may be disagreement in
the group about the judgments given, one value for each weight and performance
score has to be agreed upon by the group at each stage, and only that judgment is
used in the analysis. In contrast, in aggregating judgments, the individual judgments
of each decision maker are retained throughout the decision-making process, and
they are aggregated over decision makers in the final outcome, for example, by
taking the mean of all individual judgments. In comparing judgments, the weights
and performance scores of the decision makers are again retained throughout the
decision analysis, and the individual judgments are actively compared during the
final discussion to obtain insight into differences in opinion that may exist in
between group members.

A similar but slightly different distinction in the way to handle differences in
judgments is that between statistical aggregation and behavioral aggregation of
judgments. Statistical aggregation is similar to Belton and Pictet’s definition of
aggregating: the group’s individual judgments are combined into a mean judgment
with a measure of variance to capture the differences between the decision makers.
Behavioral aggregation is similar to Belton and Pictet’s sharing of judgments: the
group’s single judgment is arrived at through a structured group process where the
group can “share their knowledge and allow persuasive arguments to change their
views” and therefore to revise their judgments (Phillips 1999).
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The decision on which group decision model to use is a form of structural
uncertainty, and moreover it influences the extent to which other types of
uncertainty can be made explicit in later phases of the analysis. For instance, if at
the first stage it is decided to use a sharing model where the weights and scores are
set to single numbers despite possibly different judgments, the uncertainty around
mean weight estimates (parameter uncertainty) and any differences between
decisions makers (heterogeneity) cannot be studied. To clearly illustrate uncertainty
in this chapter, we will use the statistical aggregating approach. We will illustrate
the different stages of MCDA and the sources of uncertainty with a simplified case
of a group decision in the medical context throughout this chapter (Text Box 5.1).

Text Box 5.1: Case Description

Six urologists within a private practice have a discussion on reducing
unwanted practice variation in the choice of the first-line treatment for stage I
prostate cancer patients in their practice. At present, they prescribe four
alternative types of treatment: active surveillance, radical prostatectomy,
external beam radiation therapy, and brachytherapy.

5.1.2 Uncertainty in Problem Structuring

The choice of criteria in an MCDA is a source of structural uncertainty. Criteria
have to reflect the different points of view of the actors in the decision and enable
comparisons of between the alternatives (Bouyssou 1990). To reduce structural
uncertainty about whether all relevant criteria are included in the analysis, it is
advised to combine the top-down and bottom-up approach to developing a set of
criteria. Top-down approaches are where actors first agree on the relevance of
particular consequences and then come up with examples of those often result in
hierarchical value trees. Alternatively, bottom-up approaches often start with drawing
up extensive lists of criteria from different sets, which can later be structured into
hierarchies if desired. In the problem structuring stage, the value tree has to be
determined and the final set of criteria has to be determined. Structural uncertainty
about the shape of the value tree and the number and type of criteria to include can
be made explicit by making detailed notes of all decisions made in this step and by
including as many actors as needed to come up with a broadly supported value tree.

The goal of problem structuring is to come up with a clear, logical, and shared
point of view of what decision criteria and decision structure best reflect the decision
at hand and help the decision makers to achieve their objective. The final list of
criteria should be as simple as possible, yet capture the complexity of the decision.
There are no guidelines on what is the optimal number of criteria and/or decision
structure. In some cases the type of MCDA or the cognitive limitations of the
stakeholders put a limit on the number of criteria or favor a certain value tree
structure. When in doubt about including a criterion, it is always wise to include it
in the analysis, as some MCDA methods allow a criterion to be dropped in a later
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stage. The alternative of adding a criterion in a later stage is much more bothersome.
Problem structuring is a skill that is acquired through experience. Flow charts,
fish-bone diagrams, pro/cons lists, and quantitative techniques, such as the nominal
group technique, can help groups come up with an adequate set of criteria and an
adequate problem structure (Taner et al. 2007). However, it is known that the choice
of criteria, MCDA method, and weight elicitation influences the outcome of the
model. Besides extensive argumentation and good documentation of the way in
which the decision problem was reflected in the choice of criteria, shape of the value
tree, and choice of the MCDA method, the only way to explicitly study
structural uncertainty is by testing the influence of the different options (i.e., different
criteria sets, value trees, and MCDA techniques) on the outcome of the analysis.
There are multiple examples of such tests in literature (van Til et al. 2014; IJzerman
et al. 2012a, b).

Text Box 5.2: MCDA Model and Clinical Evidence
In the example, there are many criteria that potentially influence the choice of
treatment in prostate cancer. The effectiveness of the treatment in prolonging
life after diagnosis; the side effects of treatment, such as bowel problems,
bladder problems, erection problems, and tiredness; and the process
characteristics of treatment such as costs, duration, and frequency of follow-up
needed all could influence treatment preference. For illustrative purposes, we
limit the example to the four criteria mentioned in Table 5.1 and choose a
simple multi-attribute rating technique (SMART) to demonstrate the different
types of uncertainty in weighting, scoring, and sensitivity analysis.

SMART is a simple value-based MCDA method b?sed on a linear additive

value function. In our example, the model is V, = Zwkxl.k , where V; is the
k=1

overall value of treatment i, wy is the weight of the kth criterion as weighted

using swing weighting, and x; is the performance of treatment i on k. The

hypothetical clinical evidence for the example is given in Table 5.1.

Table 5.1 Bowel problems, incontinence, and erectile dysfunction as measured as
probabilities of the event occuring in five years after treatment

Active Surgical External beam

surveillance | removal radiation therapy | Brachytherapy
Sample size 1000 800 200 800
Survival (years) | 10[9.4-10.6] | 15[14.0-16.1] | 12 [10.3-13.7] 12 [11.0-13.1]
Bowel problems | 0% 0% 15 % 0%
Incontinence 0% 10 % 1% 0.5%
Erectile 5% 75 % 45% 24 %

dysfunction
Based on Cooperberg et al. (2012), Hayes et al. (2013)
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5.2 Uncertainty in Scoring

As described in Chapter 4, during the scoring stage either the available clinical
evidence or expert judgment is used to judge the performance of the alternatives
on the criteria, by transforming clinical performance (which may be measured on
a variety of scales) to a common value scale. Both the clinical evidence and the
expert judgments are possible sources of parameter and stochastic uncertainty, as
well as heterogeneity (Durbach and Stewart 2012).

5.2.1 Performance Estimates

Preferably, performance of the alternatives on the different criteria is based on
clinical data (including patient registries, cost databases, etc.). In our example, the
average survival for the four treatments could be drawn from scientific literature.
When clinical evidence is used as input in an MCDA model, often only the point
estimates are used. However, the parameter and stochastic uncertainty surrounding
these estimates of performance measurements can be used to explicitly model
uncertainty in the MCDA. Parameter uncertainty in the performance estimates
refers to the variability in the estimation of the outcome (for instance survival) as a
result of the sampling (error). The standard errors or, equivalently, the confidence
bounds of the point estimates obtained from clinical trial data can be used to represent
the extent of the parameter uncertainty. Stochastic uncertainty, i.e., the unexplained
variability in the clinical evidence, can be made visible by presenting the standard
deviation or the range of the outcomes in the patient sample.

To demonstrate any heterogeneity in the clinical evidence in the model, one can
calculate averages and standard deviations of outcome for different subgroups of
patients. When clinical data is lacking, the performance estimates have to be based
on expert judgments. Different expert elicitation techniques are available to do so
(O’Hagan et al. 2006; Bojke et al. 2010; Bojke and Soares 2014). This introduces
structural uncertainty to the model due to the differences in techniques. If clinical
judgments are to replace clinical evidence, rather than just asking for point
estimates of performance, experts should be asked to give distributions and/or
confidence bounds for their estimates, if possible linked to patient characteristics.
This enables analysts to take parameter uncertainty and heterogeneity into account.

5.2.2 From Performance to Value

In valuing performance, the performance of the alternatives on the natural scale
(e.g., survival in years) is transformed to a score which represents the value of that
performance on a scale ranging from zero (no value) to one (maximum value). One
can determine the relative value of the performance estimates for the alternatives, or
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Fig. 5.2 (a) a partial value function where function scales linearly with increased survival. (b) a
partial value function where there are diminishing returns with respect to survival, i.e. an increase
from O to 5 years of survival is considered more valuable than an increase from 5 to 10 years of
survival. (¢) a partial function with a threshold. Here, all increases in survival less than 10 years are
not considered valuable, but increases in survival of more than 10 years are considered valuable. (d)
S-shaped partial value function. This can be seen as a smoothed version of the threshold function

one can map the performance to estimate value of all intermediate performances with
the use of partial value functions. This can either be done “locally,” meaning that the
best and worst performance judgments of the alternatives on the criteria (as identified
by experts) are used as the upper and lower bounds of the value function, or “globally,”
meaning upper and lower bounds are based on estimates of worst and best possible
outcomes, irrespective of the performance of the included alternatives. For example,
although a diagnostic test with sensitivity of 100% is highly unlikely in clinical
practice, 100 % sensitivity can be used as a theoretical best possible outcome.

One source of structural uncertainty in the valuation stage is the shape of the
value function. Most commonly, a linear function is assumed (Fig. 5.2a). This is a
simple function that linearly scales all performance values between the worst level
W (partial value of zero) and the best level B (partial partial value of one):

1, x2B
v(x)= ;i;’; W<x<B (5.1)
0, x<W

In such a linear value function, it is assumed that an increase in performance
results in an equal increase in value independently from where on the performance
scale this increase occurs. So for survival, it would mean that the value of increasing
survival from 0O to 5 years is the same as the value of increasing the survival from 15
to 20 years. Confidence bounds for the value of performances can be obtained by
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applying the partial value function on the confidence bounds of the performances
(see Table 5.2 for the example).

However, many other forms of the value function exist. For example, there can
be diminishing returns to prolonging life, and for some people, living after a certain
age might decrease the incremental value of this outcome (Fig. 5.2b). For other
outcomes, a value function with a threshold that may vary between decision makers
may be more appropriate where performance (outcome) switches from no value to
maximum value (Fig. 5.2¢), or there can be a combination of a linear function and
diminishing returns: the S-shaped value function (Fig. 5.2d). It is common to agree
upon the shape of the functional form on a group level.

If one wants to deviate from the linear function, additional inputs are needed
from decision makers to determine the particular shape of the value function. For
example, in the bisection method, the decision maker is asked to define the point on
the attribute scale which is halfway in value terms between the two endpoints. From
this a two-piece linear value function can be constructed (Belton and Stewart 2002).
This process can be repeated multiple times until the decision makers are indifferent
between further bisections. In MACBETH, a value function for a particular
criterion is constructed from the pairwise comparisons of the performance of
alternatives on that criterion using linear programming (Costa et al. 2012).

As value judgments may differ between decision makers, the final construction of
a value function can consequently be based on averages of these judgments or based
on another central measure (median, mode). By calculating a standard error and
confidence intervals along with the average value, a measure for parameter
uncertainty can be obtained. Stochastic uncertainty in the value judgments can be
quantified by calculating a standard deviation of the value judgments.

Heterogeneity refers to possible differences in the value function or value of
outcomes between different groups of decision makers that may be explained with
their backgrounds. For instance, thresholds for survival might be different in
urologists that mostly see older patients, compared to urologists that see relatively
younger patients in their daily work. By constructing value functions for the
different groups, one can see whether heterogeneity is present.

Summarizing, all types of uncertainty influence the values from the scoring step.
Uncertainty (parameter, stochastic, or heterogeneity) in the evidence implies also
uncertainty in the value function. The uncertainty in evidence and the uncertainty
due to differences in value judgments can be quantified by calculating standard
errors, standard deviations, or confidence bounds.

5.3 Uncertainty in Weighting

All inputs in the weighting stage are given by stakeholders (decision makers,
patients, physicians, general public, etc.), which are therefore the main source of
uncertainty in this stage. In the weights there can be structural uncertainty,
parameter uncertainty, stochastic uncertainty, and heterogeneity.
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Text Box 5.3: Calculating Partial Values
Assuming a linear value function in the urologists’ case, the point estimates
with confidence bounds of performance are transformed with Eq. 5.1 to the
value estimates with confidence bounds (Table 5.2)
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Table 5.2 Partial values in the urologists’ case, with 95 % confidence intervals for the partial
values for survival based on the confidence bounds reported in the clinical trial reports

Active
surveillance

Surgical removal

External beam
radiation therapy

Brachytherapy

Average survival

0.50[0.47-0.53]

0.75 [0.70-0.80]

0.6 [0.52-0.68]

0.6 [0.55-0.65]

Bowel problems

1

1

0.85

1

Incontinence

1

0.90

0.99

0.5

Erectile

0.95

0.59

0.25

0.29

dysfunction

For example, the 95% confidence interval for the average survival of patients under active
surveillance is 9.4-10.6 years (Table 5.1), implying a confidence interval on the partial value from
0.47 to0 0.53

Parameter uncertainty in weights is the variability in the estimation of a parameter
of interest as a result of sampling. Although their underlying value may be the same,
different decision makers will interpret a weighting scale differently and thus will
come up with different weights. This can be reflected by calculating the mean
weight along with the variance measure for each criterion over a group of decision
makers. The parameter uncertainty is a function of the sample size and the underlying
stochastic uncertainty. The larger the sample size n, the smaller the parameter
uncertainty will be as it is a function of n with 1/ Jn.

Individual weights are usually combined into an average weight over decision
makers. The most commonly used method to combine individual weights is the
arithmetic mean. However, in the analytic hierarchy process, the geometric mean is
used to combine the weight estimates of different decision makers. The decision to
use either the arithmetic mean or the geometric mean is important as it affects what
method is appropriate for calculating the standard error around the mean weight.

Heterogeneity is the between-person variability that may be explained by the
characteristics of the decision maker. For instance, erectile dysfunction as a result of
treatment of prostate cancer may (or may not) be more important to a 40-year-old
man compared to an 80-year-old man as the latter tends to have a less active sex life.
It is important to have estimates of heterogeneity linked to background characteristics
in MCDA, because the outcome of the analysis might be different for different
(groups of) persons.

Stochastic uncertainty is the random, unexplained variability between different
measurements of the weight estimates of one person. In most MCDA analyses,
the magnitude of stochastic within-subject variability is not known as weight
judgments are performed only once.
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Heterogeneity is similar to stochastic uncertainty in that both cannot be reduced.
The difference is that differences in weights as a result of heterogeneity of the
subject need to be understood rather than minimized, while large random variability
in weights is undesirable.

The choice of the weight elicitation technique induces structural uncertainty, as
the use of different techniques can result in differences in weight estimates of the
criteria, or may imply different (methodological) meanings of weights (Choo et al.
1999). Knowing that the exact weights vary based on the weight elicitation method
stresses the need for sensitivity analysis on the final results. Previous research has
shown that while exact weights might differ based on the weight elicitation method,
the rank order of criteria is mostly maintained. In a few studies, it was shown that
the differences in weights as a result of technique have a minor impact on the overall
value of the alternatives. However, testing the range in which weights can vary
before the rank order of alternatives changes (and to judge whether this extent of
change is likely to happen as a result of the weight elicitation method) should be an
important aim of sensitivity analysis (IJzerman et al. 2012a; van Til et al. 2014). To
reduce structural uncertainty due to mismatches between the meaning of weights
according to the MCDA model definitions and the decision makers’ understanding
of the weights’ meanings, it is important to clearly explain the MCDA (elicitation)
method to the decision makers.

Summarizing, all types of uncertainty influence the estimates of the weights.
Parameter uncertainty can be made visible by presenting not only mean weights but
also confidence intervals. Stochastic uncertainty and related structural uncertainty
cannot be made explicit unless decision makers are asked to repeat their weight
estimations with the same weight elicitation technique (stochastic uncertainty) or
are asked to perform weight estimations with different weight elicitation techniques.
Heterogeneity can be made visible by knowing and categorizing the decision
makers and calculating mean weights (with confidence bounds) for the different
subgroups.

5.4 Aggregation Methods

After the scoring and weighting steps are completed, performance values and
criteria weights are (statistically) aggregated in an overall value. The most
commonly used aggregation method is additive weighting, where the partial values
on the different criteria are multiplied by their criteria weights and then summed up
per alternative (see Chapter 4). The simplicity of additive weighting is attractive
because it is easily understood by decision makers. From a theoretical perspective,
other statistical aggregation methods might be preferred (see, e.g., Zhou and Ang
2009; Zanakis et al. 1998).

The choice of aggregation method is a form of structural uncertainty, since it can
alter the model outcomes (Zhou and Ang 2009) and their interpretation. Moreover,
because some approaches, such as the analytic hierarchy process, place very
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specific requirements on the performance and weight elicitation techniques, the
choice of aggregation method is a decision that has to be made early in the MCDA
(Choo et al. 1999; Liberatore and Nydick 2008).

Another type of structural uncertainty is the decision at which point to aggregate
the results of different decision makers in the weighting and performance stage.
In essence, there are two ways to do so. One can average individual performance
values and individual criteria weights (with measures of variance) and use an
aggregation approach (for instance, an additive model) to calculate one overall
value (with measures of variance). Alternatively, one can calculate an overall value
for each individual and average the multiple estimations of overall value (with
measures of variance). As aggregation is based on the product of two values, both
approaches result in different average overall values and different measures of
variance. Moreover, in the former case, providing a measure of parameter uncertainty
by calculating a standard error of the overall value is difficult as the overall value is
a sum of products of averages. One way to calculate the variance (and thus the
standard deviation) of a product is the delta method (Rice 2006).

Finally, irrespective of the exact statistical aggregation method used, the output
of an MCDA model is a point estimate of the overall value of the different
alternatives. The impact of uncertainties on the aggregated overall value can be
made explicit by calculating standard errors, confidence intervals, or ranges of the
overall value of a treatment based on the standard errors (for parameter uncertainty)
or standard deviations (for stochastic uncertainty) in the performances and weights.
By reporting not only the point estimate of the overall value of a treatment but also
its standard error or confidence interval, the parameter or stochastic uncertainty in
the overall value is made visible.

5.5 Sensitivity Analysis

The outcome of a value-based MCDA method is an overall value for each alternative.
However, without information on the uncertainty surrounding the weight estimates
and performance values, the stability of the overall value is not known. Therefore,
the confidence with which the results of the MCDA can be interpreted is then also
not known. If one or multiple types of uncertainty are taken into account, this will
result in a distribution of values around the point estimates. The shape and spread of
the value distribution provide information about the stability of the conclusions that
can be drawn from the analysis.

Sensitivity analysis is the study of the impact of uncertainty throughout the
decision-making process on its outcomes. Structural uncertainty occurs as a result
of the choices made in problem structuring with regard to the shape of the value
tree, the type and number of criteria included in the analysis, and the MCDA
method chosen to perform the analysis (including the weight elicitation and value
performance method). The impact of structural uncertainty on the outcome can
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only be made explicit by performing MCDA for the same problem with different
value trees, criteria, and MCDA methods. This type of sensitivity analysis is a
time-consuming process which is usually not performed.

A more common type of sensitivity analysis is studying the impact of parameter
uncertainty in weights and performances or heterogeneity on the outcome(s) of an
MCDA. When assessing the impact of uncertainty, one can do so throughout the
whole MCDA process, identifying sources and measuring the amount of uncertainty at
each stage separately and then studying its impact on the outcome(s) of the MCDA
process. Alternatively, one can assess the impact of uncertainty on the overall value
after the criteria weights and performance values are aggregated. Both are
commonly termed “sensitivity analysis” in literature, and the latter is also sometimes
termed “robustness analysis” or “post hoc sensitivity analysis.” Although these two
concepts are conceptually different, similar methods can be used during their
application to demonstrate the uncertainty around the point estimates. In the next
paragraphs, we will describe two commonly used methods for sensitivity analysis,
namely, deterministic and probabilistic sensitivity analysis, and shortly touch upon
some alternative methods.

In an earlier literature review in the healthcare context, 19 studies were identified
where uncertainty was explicitly taken into account in the MCDA analysis
(Broekhuizen et al. 2015a). In nine studies, the deterministic sensitivity approach
was used, four studies used a probabilistic approach, and in other four studies
(concerning environmental health issues), fuzzy set theory was applied. It seemed
that in most MCDA-supported decisions, a deterministic sensitivity analysis was
used because of its ease of use and because the increased insight in the stability of
results was deemed sufficient. However, when the uncertainty in multiple model
parameters needs to be considered simultaneously, approaches that use probability
distributions should be applied.

Deterministic sensitivity analysis is the most straightforward method for (post
hoc) sensitivity analysis. In deterministic sensitivity analysis, one parameter, that
is a criterion weight or performance score, is varied at a time, and the impact of
varying this parameter on the rank order of alternatives is observed. If the induced
variation does not change the rank order of alternatives, i.e., the preference of one
alternative over the other is preserved, the decision seems robust. Alternatively, one
can assess the extent to which a parameter can be increased or decreased before the
rank order of alternatives changes. The range in which the particular parameter is
likely to change can be based on expert’ judgments or the variation in available
clinical data.

Recall that the urologists in the example took the confidence bounds for the
average survival across treatments options from the literature. We already demonstrated
in an earlier section that these can be transformed to confidence bounds on partial
values. However, it might also be insightful to consider the impact of the range of
partial values on the overall value of treatments. This can be done by inserting
partial values for the lower and upper confidence bounds in the overall value
function. This results in a confidence interval of the overall value in which the
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Fig. 5.3 Influence of parameter uncertainty in the survival estimates for the various treatments on
their overall value in the urologists’ example. Note the overlapping confidence bounds that indi-
cate uncertainty regarding what treatment is more valuable

uncertainty depends only on the uncertainty present in the estimates for average
survival (Fig. 5.3).

This deterministic sensitivity analysis reveals that there is overlap between
the confidence bounds of overall values and that this depends (at least partly) on
parameter uncertainty in the survival estimates. Furthermore, it seems that changing
the survival estimates within confidence bounds can lead to rank reversals of
alternatives. For example, it is possible that external beam radiation therapy has a
higher overall value than surgical removal. The question remains, however, how
likely it is that such a rank reversal between external beam radiation therapy and
surgical removal occurs.

Deterministic sensitivity analysis can also be used to assess the impact of
(uncertainty in the) criterion weights on the alternatives’ overall value by manually
varying the criterion weights one by one and observing how the overall values of the
alternatives change. For example, if we increase the weight of survival and thereby
decrease the weights of the other criteria (because weights add up to one), alternatives
that have longer survival will increase in overall value compared to alternatives with
a relatively shorter survival. One can vary each criterion weight from its lowest
possible value to its highest possible value and observe the effect on overall value of
the alternatives (Fig. 5.4). Alternatively, and more effectively, one can vary the
weights within the confidence bounds resulting from parameter uncertainty and
heterogeneity in preferences within the group and see whether this variation would
change the outcome of the model.

Another particular deterministic sensitivity graph, popular in health-economic
assessments, is the tornado graph. A tornado graph shows the impact on model
outcomes of arbitrary fixed changes (e.g., —10% and +10 %) in single model parameters.
It is especially useful for determining which model parameter has the greatest
influence on the outcome (Briggs et al. 2012).

The results of the analysis as presented in Fig. 5.4 will provide the urologist
with more information on the robustness of their results. Active surveillance has
the highest value when the mean criteria weights of the group of urologists are
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Fig. 5.4 Each of these three graphs shows how the overall value of treatments would vary, had the
urologists chosen different (i.e., higher or lower) weights for each of the criteria. This overall value
is on the vertical axes, the weights are on the horizontal axes, and the vertical black lines denote
the point estimates of the weights. Red active surveillance, Green surgical removal, Light blue
external beam radiation therapy, Purple brachytherapy

used. However, intersections between lines imply rank reversals between treatments
based on changes in criteria weights. If, for example, the weight put on survival
would increase above 58 %, surgical removal would have the highest value, making
it the preferred treatment. However, the threshold, i.e., the weight for survival
where a rank reversal between surgical removal and active surveillance occurs, is
8 % removed from the initial point estimate, and this falls within the variation of
weights given by the individual urologists but not within the confidence interval of
the average weight. The urologists must determine whether such an increase in
weight is likely. For now, based on the deterministic sensitivity analysis, it seems
that rank reversals are unlikely and that the preference for active surveillance is
robust.

Although it is easy to implement, deterministic sensitivity analysis has two
important drawbacks. First of all, only one model parameter (weight or performance
score) is varied at a time. This is unrealistic because it assumes uncertainty in only
one parameter, while actually multiple (or all) model parameters can be uncertain.
Second, manually changing of model parameters, such as presented above or in a
tornado graph, does not take into account the actual uncertainty in the model
parameters. For example, if the observed range of a weight is between 40 % and
60 %, it does not make sense to investigate rank reversals that occur when the
weight is 80 %. This is a relevant issue for the urologists, because their deterministic
sensitivity analysis shows them that rank reversals occur at particular combinations
of survival estimates, but they cannot quantify the likelihood with which this
might happen.

Instead of a deterministic sensitivity analysis, a probabilistic approach could be
used to gain insight into the impact of the combination in uncertainty in the clinical
evidence, scores, and/or weights on the overall value of the alternatives. For
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example, in a study by Wen et al., two different methods (a delta-method approach
and a Monte Carlo approach) for constructing a confidence interval of the overall
benefit-risk score from an MCDA model were compared (Wen et al. 2014). The
objective of the study was to provide suggestions for incorporating the uncertainty
in performance data based on clinical evidence into the MCDA model when
evaluating the overall benefit-risk profiles of different treatment options. In a study
by Broekhuizen et al., the impact of uncertainty in the performance estimates based
on clinical evidence was studied along with the uncertainty in criteria weights as
given by patients (Broekhuizen et al. 2015b). In stochastic multi-criteria acceptability
analysis (SMAA), uncertainties in preference data and clinical trial data are
combined, and a non-informative (uniform) distribution based on the rank order of
criteria is used for the weight distributions (Tervonen et al. 2011; van Valkenhoef
etal. 2012). Finally, Caster et al. use qualitative data on the rank order of criteria and
combine this with probability distributions for clinical data (Caster et al. 2012).

In a probabilistic approach, uncertainty in model parameters is represented with
probability distributions. There are many different types of probability distributions.
When data is available, the empirical distribution can be used or assumptions with
regard to a parametric distribution must be made. A comprehensive review of
methods for eliciting probability distributions from (groups of) experts can be found
in (O’Hagan et al. 2006).

After selecting or eliciting a probability distribution that reflects the uncertainty
in each model parameter, one can assess how the uncertainty in all these parameters
translates to uncertainty in the overall value of the alternatives, for example, by
means of a Monte Carlo simulation approach. This approach consists of sampling
from the distributions of one or multiple model parameters simultaneously and then
calculating the overall value of the alternatives for each of these (combinations of)
sampled estimates. By repeating this process a large number of times (e.g., 1000 or
more), it can give decision makers an idea about the likely distribution of overall
value of each included alternative (Broekhuizen et al. 2015b).

In our prostate cancer example, a normal probability distribution is selected for
survival because of the large sample sizes in the clinical trials. After parametrizing
this distribution based on standard errors reported in the clinical paper and running
the Monte Carlo simulations, the distributions for the overall values as presented in
Fig. 5.5 are obtained.

The amount of overlap between these distributions is an indicator of the
likelihood that the treatments are in the correct preference order, while the width of
the curves is an indicator of how likely the point estimates of the values are. If there
is much overlap between the value distributions of two treatments, and the value
distributions are “wide” (such as with the light-blue line), there is more uncertainty
about which treatment has the highest value. This uncertainty can be quantified by
taking the percentage of Monte Carlo samples in which a particular treatment has
the highest value. This is called the first ranking probability. One minus the first
ranking probability is a surrogate of decision uncertainty as it estimates the
probability that the alternative with the highest mean value does not have the highest
rank (Table 5.3).
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Fig. 5.5 Distribution of overall value of the alternatives in the urologists’ case, when normal
distributions based on clinical literature are assigned to the “survival” performance parameter.
Estimated using a gaussian kernel density

Table 5.3 Ranking probabilities in the urologists’ case, when the uncertainty in the survival
estimates is represented with normal distributions (see Fig. 5.5) and after running 5000 Monte
Carlo simulations

Active Surgical External beam
Probability of... surveillance removal radiation therapy Brachytherapy
... being ranked 1st 97 % 1% 2% —
... being ranked 2nd | 3% 68 % 29 % -
... being ranked 3rd - 31% 64 % 5%
.. being ranked 4th — — 5% 95 %

Please note that only uncertainty in survival is taken into account. When more parameters would
be assigned probability distributions to reflect uncertainty, the probability of rank reversals may
increase

Other approaches apart from deterministic and probabilistic approaches to
incorporate uncertainty analysis in MCDA have been identified, namely, Bayesian
frameworks, fuzzy set theory, and grey theory (Broekhuizen et al. 2015a).

Within the Bayesian framework, a distinction can be made between approaches
based on Bayesian networks (Fenton and Neil 2001) and approaches based on
Dempster-Shafer theory (Beynon et al. 2000). Fuzzy set theory aims to capture the
ambiguity present in human language and judgment and is often combined with
the AHP method of MCDA. Comparable to fuzzy set theory are approaches based
on grey theory (Ju-Long 1982). With these approaches one can address all types of
uncertainty except for structural uncertainty. The applicability of these methods for
addressing uncertainty is sometimes strictly dependent on the specific form of
MCDA used. For example, SMAA is a strictly probabilistic method (Lahdelma
and Hokkanen 1998). Other MCDA methods like AHP, PROMETHEE, TOPSIS,
and ELECTRE can be combined with (almost) all uncertainty approaches.
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5.6 Summary and Conclusions

Uncertainty is introduced into an MCDA at the following stages: the problem
structuring stage, the performance valuation stage, and the criteria weighting stage.
Structural uncertainty is introduced as a result of methodological choices such as
the MCDA method, structuring of the value tree, type of weight and performance
elicitation techniques used, and aggregation method. Parameter uncertainty occurs
because of sampling error. Stochastic uncertainty is the uncertainty as a result of
random, unexplained variation and can be made visible by presenting, e.g.,
histograms/densities for the weights and performance values. Heterogeneity is the
explained variation as a result of different background characteristics and values of
the respondents. Often it is not possible or even desirable (in the case of heterogeneity)
to reduce uncertainty, but the aim of this chapter was to explain how uncertainty can
be made explicit throughout the decision process and to study its influence on the
output of the MCDA.

We emphasized how the quantitative outcomes of the model depend on the way
in which weight and performances are aggregated, while the interpretation of the
output of the model depends also on the way in which the output is presented to the
decision maker.

Through sensitivity analysis, the impact of uncertainty on the outcome of the
decision analysis can be made explicit. We have demonstrated how different types
of uncertainty in the inputs of the MCDA model influence its outputs and how
uncertainty can be quantified with different measures of variability (standard
deviation, standard error, range) or can be graphically displayed. Both deterministic
sensitivity analysis and probabilistic sensitivity analysis were explained.

To fully analyze the impact of uncertainty in MCDA, additional efforts may be
required from the decision makers in terms of additional model inputs (measures of
variation, probability distributions, ranges of weights or scores) and from decision
analyst in terms of analytic skills. A balance must be struck between increasing
confidence of the decision makers in the output of the MCDA by demonstrating the
impact of uncertainty and not losing confidence of decision makers in the MCDA
itself by making the analyses too complicated.
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Chapter 6

Supporting the Project Portfolio Selection
Decision of Research and Development
Investments by Means of Multi-Criteria
Resource Allocation Modelling

J.M. Hummel, Monica D. Oliveira, Carlos A. Bana e Costa,
and Maarten J. [Jzerman

Abstract The healthcare industry needs to carefully balance their research and
development (R&D) project portfolios in terms of the diverse benefits, risks and
costs of the technology they aim to develop. Although not common in healthcare,
multi-criteria portfolio selection modelling can provide a structured and transparent
approach to support decision-makers to share information on the performances of
their R&D projects, to negotiate the necessary trade-offs to evaluate the projects and
to arrive at a decision for an R&D project portfolio that decision-makers are
committed to. In this chapter we illustrate how the Measuring Attractiveness by a
Categorical Based Evaluation Technique (MACBETH) approach, assisted by the
recent portfolio module of the M-MACBETH decision support system, was used to
build a model to select a portfolio of robotic innovations for minimal invasive
surgical interventions. We show how these projects were prioritized according to
their value for money and how the value of the R&D portfolio was maximized under
a budget constraint and under the presence of interdependencies between projects
that could affect their benefits, risks and/or costs.
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6.1 Introduction

Organizations developing healthcare technologies are under a growing pressure to
fulfil stricter regulatory demands on the technologies’ benefits and risks in the
context of increasingly cost-constrained healthcare systems (Paul et al. 2010). In
order to survive, organizations are facing multiple challenges in designing technologies
with a high performance, without incurring unmaintainable research and development
(R&D) risks and costs. Scarce resources need to be efficiently allocated to promising
R&D projects.

Selecting a portfolio of R&D projects on healthcare technology that makes the
best use of available resources is complex both at the technical and social level. In
order to maximize the value of the portfolio, various trade-offs need to be made
among the expected benefits and risks of the technologies, as well as the risks and
costs for the developing organization. Since it is not likely that one and the same
manager is most knowledgeable on all benefits, risks and costs, managers are to
deliberate and assess these versatile trade-offs with their stakeholders (Philips and
Bana e Costa 2007). Furthermore, budget constraints and interdependencies among
R&D projects may complicate these assessments when selecting multiple projects
(Stummer and Steinberger 2003).

Decision analytic methods can support health managers in making complex
resource allocation decisions for R&D projects. They help decision-makers in
selecting the most efficient portfolio of projects from a large set of projects, while
taking into account relevant constraints, preferences and uncertainties (Salo et al.
2011). Multi-criteria decision analysis (MCDA) tools for resource allocation have
been shown to be specifically helpful when the projects are to be evaluated by
multiple evaluation criteria (e.g. benefits and risks) and when they compete for
funding in a context of limited resources (Kleinmuntz 2007).

Various MCDA techniques have been used to assess the multiple benefits and
risks of new technologies in the context of the healthcare system (Diaby et al. 2013;
Marsh et al. 2014) and to prioritize the value of these technologies (Thokala and
Duenas 2012). In particular the MCDA models based on the principles of value
measurement — which we will name in this article as multi-criteria value models
(MCVM) - have been recommended to assess healthcare technologies (Thokala
and Duenas 2012). MCVM have been shown to support health policymakers
in technology selection, to analyse market access options or to compare
reimbursement systems (Baltussen and Niessen 2006).

When applying MCVM in the context of resource allocation to R&D projects,
the benefits and risks of the technologies are assessed from the perspective of the
R&D organization. Besides the benefits and lower risks, the R&D organization
strives to deliver to healthcare to achieve market success, and other risks, such as
technical or market failure, can be incorporated. Also in this context, diverse MCDA
techniques have been applied to assist in building multi-criteria resource allocation
models (e.g. Hurson and Ricci-Xella 2002; Vetschera and de Almeida 2012;
Liberatore 1987).
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Multi-criteria resource allocation models extend MCVM from assessing
the value of single technologies to assessing the aggregate value of multiple
technologies to develop within a restricted budget. The simplest and most
common MCVM for resource allocation is to use a prioritization approach in
which R&D projects are ranked by their value for money, i.e. by overall value
divided by cost (Philips and Bana e Costa 2007). The costs typically include the
R&D investments required to develop and market the technologies. However, this
prioritization approach does not necessarily ensure the maximum total value for
the budget available and cannot easily assist in cases in which there are
interdependencies between projects. Our recommendation is to use the prioritization
and the optimization approach together. Optimization implies, in the portfolio
selection context, solving a mathematical programming problem to maximize the
aggregated value of the projects without exceeding the budget constraint, while
considering the constraints and synergies of combinations of R&D projects
(Lourenco et al. 2012).

Several software packages assist the development of multi-criteria portfolio
analysis, namely, Equity and HiPriority enable a prioritization analysis, Expert
Choice Resource Aligner provides the optimization approach, while Logical
Decisions Portfolio and PROBE enable both prioritization and optimization
approaches (Lourenco et al. 2012). Even though there is an increasing trend in the
use of multi-criteria resource allocation models in several contexts (for instance, in
the pharmaceutical and oil and gas industries, as well as in the public sector (Salo
et al. 2011)), they have, until now, only scarcely been applied by the healthcare
industry.

This chapter illustrates how a multi-criteria resource allocation model can aid
decision-makers in the healthcare industry to reflect on which R&D portfolio of
healthcare technologies — or in our case study, robotic innovations that enable
minimally invasive surgical interventions — should be selected under a budget
constraint. We applied the Measuring Attractiveness by a Categorical Based
Evaluation Techniqgue (MACBETH) approach to conduct the portfolio analysis
(Bana e Costa et al. 2005, 2012a). MACBETH is an interactive approach for building
evaluation models that asks evaluators — either a decision-maker or a group of
decision-makers — to judge the difference of attractiveness between options.
MACBETH has sound theoretical foundations, being based on the principles of
additive value measurement, and has been used in different managerial contexts in
healthcare, including for the prioritization of community care programmes in
(Oliveira et al. 2012) and for hospital auditing (Bana e Costa et al. 2012b). The
recent portfolio module of the M-MACBETH decision support system (Bana
Consulting 2005) enables multi-criteria resource allocation modelling. Following
a decision-aiding perspective, we advocate that multi-criteria resource allocation
models should express the viewpoints of managers of R&D organizations, and
their development can help these decision-makers to discuss, negotiate and decide
with the stakeholders on the R&D projects to invest in, bearing in mind the
projects’ benefits, risks and costs.
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6.2 Case Study and Method

6.2.1 Case Study

Minimally invasive surgery has been applied to significantly lower the patient
burden of disease and to reduce length of stay in hospitals (Mack 2001). In order to
extend the application of minimally invasive procedures to new interventions and
more complex interventions, robotic innovations are desired (Mack 2001; Gomes
2011). Nevertheless, the adoption of the currently available robotic systems has
often failed due to unmet user needs in healthcare and to their high costs
(BenMessaoud et al. 2011). For selecting a best portfolio of R&D projects for
robotic systems, decision-makers need to consider multiple objectives, which
include to maximize the benefits and to minimize the risks of the robotic innovations
simultaneously for patients (BenMessaoud et al. 2011) and for healthcare professionals
(Vander Schatte et al. 2009) and to minimize the costs for healthcare (Barbash and
Glied 2010). Trade-offs among these (often) conflicting objectives need to be
considered, as well as the costs to develop and market these innovations.

6.2.2 Resource Allocation Modelling on Robotic Innovations
with MACBETH

Within MCDA, MACBETH is an interactive approach for building a model of
quantitative values that requires only qualitative judgements of difference in value
(Bana e Costa et al. 2012a). Central in this approach stands a questioning protocol
in which the evaluator (a decision-maker or a decision-advising group) qualitatively
pairwise compares projects, using a semantic scale — no, very weak, weak,
moderate, strong, very strong and extreme difference in attractiveness — thus avoiding
the difficulty of expressing value judgements numerically (Von Winterfeldt and
Edwards 1986). Using linear programming (Bana e Costa et al. 2005), MACBETH
assists not only in testing the consistency of the qualitative judgements expressed
but also, when consistency is achieved, in proposing numerical value scales that are
in accordance with the judgements. Within ranges that are compatible with the
semantic judgements provided, decision-makers can fine-tune the proposed numerical
values. This MACBETH procedure is used both to value the projects regarding each
of the benefit and risk criteria and to weight these criteria. Then, the overall values
of the projects can be calculated by a simple additive model, that is, by multiplying
the value of the project in each criterion by the respective weight and summing up
these products. An explanation of the mathematical algorithms behind MACBETH
can be consulted in Bana e Costa et al. (2005, 2012a).

We developed a MACBETH resource allocation model by conducting two main
activities: first to build an MCVM to evaluate the value of nine potential robotic
R&D projects and then to analyse which combinations of projects maximize overall
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value for a given budget, by using both prioritization and optimization approaches
for portfolio analysis. Both activities were enabled by means of the recent portfolio
module of the M-MACBETH decision support system (beta version) (Rodrigues
et al. 2015), following the next model building steps.

Step 1: Identifying Evaluation Criteria

The first step consists in identifying the key aspects, i.e. the benefits and risks that
will be used as the evaluation criteria, to appraise the value of the robotic
innovations.

It is well known in literature (Von Winterfeldt and Edwards 1986) that the
application of an additive value model requires each criterion to represent an
independent evaluation axis, i.e. the (partial) value of a project on one criterion
should not depend on the performance of the projects on the other criteria. Preference
independency may require the restructuring of the set of evaluation criteria, namely,
by merging several interdependent aspects into one covering criterion. Each evaluation
criterion is to be operationalized into an attribute (Keeney 2002) or descriptor of
performance (Bana e Costa et al. 1999) which can either be a continuous or a
discrete set of performance levels (either quantitative or qualitative). A detailed
discussion on how to build attributes or descriptors of performance is available in
Keeney (2002) or Bana e Costa and Beinat (2005).

In order to compare the potential value of the nine alternative robot-assisted
surgical approaches, their foreseen benefits and risks were inserted as the evaluation
criteria in the decision support system M-MACBETH (version 2.4.0) (Bana
Consulting 2005). These criteria were adapted from the technological success
factors that explain the probability of technical and commercial success, as
distinguished by Cooper and Kleinschmidt (1995). For all criteria, quantitative or
qualitative descriptors of performance were defined to measure the performance of
the nine robotic innovations. In each descriptor, two reference performance levels
were defined: a reference of “low (or neutral)” performance and a reference of
“good” performance, with the substantive meaning of, respectively, a minimally and
completely satisfying performance. These references of intrinsic value help to
analyse whether each robotic project has an undesirable (worse than low) or a
satisfactory (from low to good) or an outstanding (better than good) performance.
This analysis could also be extended to consider all the criteria together, to appraise
the intrinsic overall value of a project.

Step 2: Building the Evaluation Model
In this step, value scales and weights for the evaluation criteria are defined based
on the elicitation of MACBETH value judgements.

A value scale enables the conversion of performance into a value score that
measures the attractiveness or desirability of that performance. Weights harmonize
the value scales across all criteria and enable the aggregation of value scales in an
overall value scale that numerically represents the attractiveness or desirability of
the alternatives.
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Using the MACBETH protocol, value scales for each evaluation criterion were
constructed to convert the foreseen performances of the robotic innovations into
value scores. For each criterion, the evaluator was asked to judge the difference in
attractiveness between pairs of performance levels, using the semantic categories of
MACBETH. The MACBETH decision support system proposed numerical value
scales that were compatible with the qualitative judgements on the differences in
attractiveness of the robotic R&D projects. The reference descriptors of a “low” and
a “good” performance of robotic innovations in each evaluation criterion worked as
anchors in these value scales, being assigned a value of, respectively, 0 and 100. The
evaluator was then asked to eventually adjust and validate the numerical value scale
built for each evaluation criterion.

In order to weight the criteria, the qualitative swing weighting procedure of
MACBETH was followed (Bana e Costa et al. 2012a; Oliveira et al. 2015). The
evaluator was asked to consider the ranges between the low and good references
of performance of the robotic innovations on the evaluation criteria. “Suppose a
robot is expected to have a low performance on all criteria; on which criterion
would a swing from low to good performance be most attractive?”” The next most
attractive swing was identified, until all performance swings were ranked.
Following the additive value model, the ranking of the swings corresponds with
the ranking of the weights of the criteria. It is worthwhile nothing that, therefore,
a change on one reference level on one criterion may provoke a change in the
ranking of the weights. As stated by Philips and Bana e Costa (2007), “a major
error in multi-criteria modelling is the attempt to assign weights that reflect the
‘importance’ of the criteria without reference to any considerations of ranges on
the value scales and how much each one of those ranges matters to the decision
maker” (Keeney 2002). Next, the evaluator was asked to pairwise compare the
global attractiveness of swings using the MACBETH categories. Again, the
M-MACBETH decision support system provided numerical weights compatible
with the qualitative judgements given by the evaluator. These weights needed to be
analysed, eventually adjusted and validated.

Either in building value or weighting scales, M-MACBETH automatically
detects inconsistent judgements and suggests ways to resolve inconsistencies (see
details in Bana e Costa et al. 2012a).

Step 3: Valuing the Robotic R&D Projects
This step includes the appraisal of the performance of the projects on the criteria
and the calculation of their (partial) value scores and overall value scores.

The robots range from more generic robots to facilitate multiple minimally invasive
procedures (e.g. robot G having the da Vinci robot as a dominant competitor) to
specialized robotics for enabling a specific procedure (e.g. robot F for knee surgery).
On each evaluation criterion, the performance of each robot-assisted approach was
established by assigning to it one performance level of the respective descriptor; then
each performance was converted into a value score using the value scale defined for
the respective criterion (see step 2); finally, the weighted average of the value scores
is calculated to estimate the overall value of each project across all criteria.
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Step 4: Structuring the Portfolio Analysis

This step includes the definition of the portfolio baseline and the modelling of
synergies across projects as well as other constraints relevant for the analysis of
candidate portfolios.

Proper portfolio decision analysis demands for the specification of a baseline
value, that is, a so-called “do nothing” project. Only projects that are more attractive
than the “do nothing” project are worthwhile to be considered as candidates for
funding. This is important because the use of distinct baselines can affect the
optimal portfolio (Morton 2015). There are different procedures to set the baseline
value (Liesio and Punkka 2014). In our case study, if a robotic innovation project
was assigned a lower score than the baseline project, which has a “low” performance
on all criteria, then that innovation project would not deserve to be funded and,
consequently, would be discarded from the portfolio analysis (Bana e Costa et al.
2006). Besides the estimation of the benefits, risks and development cost of each
innovation project, the R&D budget was defined and it was observed that the sum of
the development costs of all the candidate projects exceeded the budget constraint.
Furthermore, an analysis was conducted on the extent to which there were synergies
between projects in terms of their benefits, risks and development costs.

Step 5: Analysing Portfolios Using Prioritization and Optimization
Approaches
Step 5a: Prioritizing the R&D projects based on their value for money

The nine robotic technologies were prioritized with the M-MACBETH decision
support system. These priorities were derived from their potential value for
money, that is, by dividing the overall value of each robot innovation (see step 3)
by the investment cost required to its development. The projects were ranked in
order of decreasing priorities.

Step 5b: Optimizing the R&D project portfolio

With the optimization module of M-MACBETH, a mathematical programming
problem was solved that identifies the optimal portfolio, that is, subset of
projects that maximizes total value given the budget constraint and existing
synergies between projects. Specifically, synergies in development costs of
similar robotic technologies were modelled.

6.3 Results

Step 1: Identifying Evaluation Criteria
The criteria to evaluate the innovation projects included:

1. The health gains for patients, in terms of the additional quality-adjusted life
years to be gained through the surgical intervention in comparison with current
practice
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2. Economic benefits to healthcare, in terms of the potential costs savings in
comparison with current practice

3. Fit with the existing infrastructure and skills present within the existing
healthcare system

4. Fit with the technological expertise and organizational resources of the developing
organization

5. Market size in terms of the size of the target patient population of the robotic
surgical interventions

6. Competition in the market, in terms of the amount of competing developers

Quantitative and qualitative descriptors of performance were defined to measure
the performance of the R&D projects on the criteria (see Table 6.1). Criteria 1, 2 and
5 relate to the benefits of the innovations for the healthcare market, while criteria 3
and 4 relate to the developmental risks, and criterion 6 relates to the market risk. All
criteria were framed positively, in the sense that a quality descriptor describing a
low risk or a high benefit represented a high performance. The more specific
operationalization of the qualitative descriptors, in this case all risk-related descriptors,
is to be discussed and agreed upon by the evaluators.

Table 6.1 Criteria and types of performance descriptor

Type of Type of
Evaluation criterion criterion | descriptor Descriptor of performance
QALY gain patient Benefit Quantitative | Quality of life years gained
Economic advantage healthcare | Benefit Quantitative | Amount in euros
Fit with healthcare setting Risk Qualitative 5 qualitative performance levels
Fit with expertise and resources | Risk Qualitative 5 qualitative performance levels
company
Market size Benefit Quantitative | Number of patients
Market competitiveness Risk Qualitative 5 qualitative performance levels

Step 2: Building the Evaluation Model
Based on MACBETH’s pairwise comparisons of the attractiveness of the
performance levels, a value scale was created for each evaluation criterion, with 0
and 100 always assigned to the low and good reference levels, respectively.
Figure 6.1 shows as an example the value curve of the first criterion: the gain in
quality-adjusted life years per patient. Note in the horizontal axis that a half-a-year
gain in quality-adjusted life years per patient is considered to be a low-performance
outcome for a minimally invasive robot. An increase in 2.5 quality-adjusted life
years is considered to represent a good performance. The S-shape of the value curve
shows that an even higher QALY gain is not expected to much stronger increase the
market need for the robot in healthcare and thus does not create much more value to
the developers.

The MACBETH protocol for building weights led to the set of weights depicted
in the second line of Table 6.2.
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Fig. 6.1 Example of a value curve for the QALY gain criterion built in M-MACBETH

Table 6.2 Criteria weights and robot innovations’ partial and overall value scores

Fit Fit expertise

QALY | Economic | healthcare | and Market Overall

gain benefit setting resources size Competitiveness | value
Weight 026 0.13 0.14 0.26 0.15 0.06
Robot A | 102 —115 60 0 5 100 27
Robot B |27 116 120 -80 112 60 39
Robot C | -3 —102 0 0 11 60 -9
RobotD | -8 13 0 0 -6 60 2
RobotE |27 61 100 120 =7 -80 54
Robot F 14 19 100 100 -6 60 49
Robot G | 102 —115 60 0 5 0 21
RobotH |6 —116 100 60 5 60 20
Robot I 39 47 -80 0 -6 120 11
Good 100 100 100 100 100 100 100
allover
reference
Low 0 0 0 0 0 0 0
allover
reference
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Step 3: Valuing Alternative Robotic R&D Projects

The value scales were used to convert the performances of the robotic innovations
into value scores. The performances on the criterion health gain, as estimated in step
1, were positive predictions of the gain in QALYs. These predictions were adapted
from the first clinical evidence of similar robots, if available. For example, robot F
is to facilitate a minimally invasive procedure for knee arthroplasty. By preventing
pain and stiffness of the knee and slightly increasing the physical function of the
knee, an improvement in quality of life of 0.06 was predicted during an average time
span of 14 years. Resultantly, the predicted gain in health summed up to a QALY
gain of 0.84. For more generic robots, the predicted QALY gain was averaged over
the applicable procedures that most frequently occur in clinical practice. In this
third step, the value scale helped to convert these QALY scores into partial values
scores; in case of robot F, the QALY gain of 0.84 was converted in the rather low
value score of 14.

Table 6.2 shows the partial and overall value scores of the nine R&D projects on
the robotic surgical approaches. To appraise the overall intrinsic value of each
project, Table 6.2 also includes two hypothetical robotic innovation projects, the
reference good allover with “good” performance on all criteria and the reference
low allover with “low” performance on all criteria, obviously with overall scores of
100 and 0, respectively. One can observe in Table 6.2 that several robots have a low
or very poor performance on multiple criteria (leading to negative scores).

Step 4: Structuring the Portfolio Model

Investment synergies were incorporated in the portfolio model between two R&D
projects: robots A and G. Both robots are more generic robots aiming to facilitate
multiple minimally invasive procedures. Synergies are generated as the development
of the two robots use a similar core technology. Accordingly, investment in this core
technology would simultaneously benefit the two robots, only if both robots are
included in the R&D portfolio.

Zero overall value and cost were inserted in M-MACBETH to establish the
baseline for portfolio analysis, from which robot C was excluded due to its negative
overall value score. This rejection of a project with negative overall value
corresponded to the use of a “multi-criteria screening criterion”, as defined by Bana
e Costa et al. (2006).

Step S5a: Prioritizing the R&D Projects Based on Their Value for Money

The calculated overall values of the nine surgical approaches and the estimated
development costs to deliver these products can be plotted in a cumulative cost
versus cumulative value graph, by increasing order of the respective value for
money ratios (Fig. 6.2). Each point in the graph represents a portfolio of projects,
with increasing number of projects from left to right. The curve linking the points is
the frontier of convex efficient portfolios, when neglecting interactions between
projects. Under these conditions, for a maximum available budget of ten million
euros, projects F, B, E, H and A would be selected, with a total cost of 9.2 million
euros.
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Fig. 6.2 Efficiency frontier and budget cut-off point (costs in 1000 euros units)

Step 5b: Optimizing the R&D Project Portfolio

When taking into account synergies in the development costs of robots A and G,
robot G is now included and robot H is excluded from the optimal portfolio B, even
though robot H has a higher overall value to cost ratio than robot G. This is shown
by comparing the portfolio obtained with the prioritization approach in Fig. 6.2 with
the portfolio obtained with the optimization approach in Table 6.1. Note that taken
individually, one can include robots A or G in the portfolio, but when both are
considered together, the costs change and robots A’ and G’ are the ones considered
(Table 6.3).

The optimization of the project portfolio reduced the total costs from 9.2 to 9.1
million euros, while the aggregated value of the portfolio very slightly increased
from 188 to 189 overall value units.
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Table 6.3 Value for money of the R&D projects and portfolio

Value Cost Value/cost ratio In portfolio B

Robot A 27 2000 1.33 No
Robot B 39 1700 2.28 Yes
Robot E 54 2500 2.17 Yes
Robot F 49 1500 3.24 Yes
Robot G 21 2000 1.03 No
Robot H 20 1500 1.35 No
Robot I 11 2500 0.45 No
Robot A’ (synergy) 27 1700 1.33 Yes
Robot G’ (synergy) 21 1700 1.03 Yes
Aggregated value portfolio 189
Aggregated costs portfolio 9100

6.4 Lessons Learned and Discussion

The case study presented illustrates how a multi-criteria resource allocation model
can support R&D investment decisions for multiple healthcare innovations. In
multi-criteria portfolio analysis, candidate R&D projects can be selected for the
R&D portfolio based on their foreseen values and costs. The number of candidate
R&D projects can be reduced when minimum levels of performance levels for each
benefit or maximum acceptable risks are demanded for the inclusion of a project in
the portfolio. In our case, one R&D project was excluded due to its less than “low”
overall value. Those performance thresholds are particularly relevant in case the
amount of possible portfolios is high. In practice, the number of feasible portfolios
can be enormous, exceeding by far the number of feasible portfolios in our illustration
(Ghasemzadeh and Archer 2000). Of the appropriate candidate R&D projects to
consider for the portfolio, the (convex) efficiency frontier graphically depicts these
projects in order of descending priority, when priority is captured by the value for
money ratio. For a preliminary analysis of portfolio by applying the prioritization
approach, R&D project portfolios can be analysed following the order in the
efficiency frontier, from left to right, until the available budget is exhausted.
Nonetheless, the prioritization approach does not necessarily ensure that the
optimal portfolio is selected, that is, the subset of projects that maximizes cumulative
value although respecting the budget constraint. Moreover, only the optimization
approach enables to take into account the presence of synergies between projects.
Note that the prioritization approach can lead leaving a significant part of the available
budget unexploited when the budget cut-off point is further off from the total
budget. In our illustration, altering the preliminary portfolio increased the total
value that could be delivered for the total budget and diminished the portfolio costs,
due to investment synergies between two R&D projects. These two projects aimed
to develop robots that were based on a similar core technology, which generated
cost savings. In general, interdependencies among projects can affect not only costs
but also benefits and/or risks of the R&D projects (Eilat et al. 2006). Examples of
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cost interdependencies are the sharing of project resources that translate into
overhead cost reductions for the single projects. Examples of benefit interdependencies
are the use of competing technologies for which joint project benefits are reduced or
the existence of complementary technologies in which one project can be developed
only if another one is selected as well. An example of interdependent developmental
risks is the existence of a critical mass of resource capital that can increase the
likelihood of success of the R&D projects, which translates into lower project risks
(Eilat et al. 2006). Due to these interdependencies among projects, proper tools to
simultaneously analyse the value, costs and risks of combinations of R&D projects
in alternative portfolios is necessary. Optimization modules can assist in proposing
changes to the portfolio to maximize the overall value without exceeding the budget
constraint (Lourenco et al. 2012). However, it should be noted that, contrary to the
prioritization approach, the optimization approach does not guaranty the stability of
the selected portfolio when an increase in the available budget is considered. That is
why the combined use of the two approaches is recommended.

The combined approach illustrated provides a structured and transparent
approach to support decision-makers to share information on the benefits, risks and
costs of R&D projects competing for scarce financial resources, to negotiate the
necessary trade-offs and to arrive at a decision for an R&D project portfolio the
decision-makers are committed to. For our illustration, researchers constructed
the multi-criteria resource allocation model being informed by literature and expert
opinions. In empirical applications, it is a good practice to involve a constituency of
(internal) stakeholders that need to be engaged to successfully realize the R&D
projects. In fact, the adequate involvement of multiple stakeholders is paramount in
constructing the value tree to capture the versatility of all relevant benefits, risks and
costs (Montibeller et al. 2009). Moreover, stakeholders may have conflicting
interests. Showing the decision-makers the consequences of changing the portfolio
can support key stakeholders to discuss and negotiate the portfolios and to select a
portfolio they are willing to engage to (Ghasemzadeh and Archer 2000). Philips and
Bana e Costa (2007) have been successful in using a decision conferencing approach
in multi-criteria portfolio analysis in real cases, showing that decision conferences
can support communication between the stakeholders to develop a shared under-
standing of the issues involved in portfolio analysis and to make smarter decisions.

The R&D project portfolio analysis can be more advanced by analysing the
uncertainty in the appraisal of value of the portfolio. In our illustration, we have
implicitly dealt with this uncertainty, by including success factors that predict the
probability of achieving commercial success as evaluation criteria and adapting
these factors to the healthcare context. Accordingly, a higher score on these
success factors predicts a higher probability of market success. There are other
ways to deal with these uncertainties in development — for instance, to include as
a risk criterion the probability that the benefits will not fully be achieved (Philips
and Bana e Costa 2007) or the probability of success (e.g. Liberatore 1987). Or
more generally, methods for uncertainty analysis can be applied (Broekhuizen
et al. 2015). In optimizing the portfolio of R&D projects, sensitivity analyses can
be conducted, or the robustness of the selected portfolio can be tested (Lourengo
etal. 2012). A fuzzy approach has also been applied (Carlsson et al. 2007). For the
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case in our illustration, uncertainty analysis on the benefits would be a valuable
addition, considering the contradictory findings on health gains evoked by the
literature on the impacts of existing robotics for minimally invasive interventions.

Another elaboration of the multi-criteria resource allocation model described in
this study would be the separate analysis and visualization of the individual benefits
and risks of the portfolio to the developing organization. Furthermore, high- and
low-risk projects could be balanced, minimum levels of benefit for different target
groups of patients could be ensured, or other combinations can be optimized that
make sense to the organization. With these elaborations, multi-criteria resource
allocation modelling can be tailored to provide decision-makers the specific
information they desire about R&D projects to facilitate the R&D project portfolio
selection decision.
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Chapter 7
Benefit—Risk Assessment

Filip Mussen

Abstract While medicines have been assessed in terms of their benefits and risks
since health authorities started requiring clinical studies in the 1960s, only recently
more formal approaches for conducting benefit—risk evaluations have emerged.
Both the European Medicines Agency (EMA) and the Food and Drug Administration
(FDA) are in the process of implementing qualitative benefit-risk frameworks, but
at the same time, the industry and some other stakeholders have started to pilot
quantitative benefit-risk methods in regulatory settings. Multi-criteria decision
analysis seems to emerge as one of the preferred quantitative methods, in particular
for medicines with a complex multifactorial benefit—risk profile. In this chapter a
number of case studies of the use of MCDA for benefit-risk assessment during drug
development and for regulatory purposes will be described. Based on these case
studies, technical and operational progress, learnings, and challenges will be
discussed, and recommendations will be made when and how MCDA can be used
for the benefit-risk assessment of medicines. These conclusions will be contextualized
within the broader debate of the use of formal benefit-risk methods as decision tools
mainly for regulatory purposes.

7.1 Introduction
7.1.1 The Purpose and Timing of Benefit—Risk Assessments

The purpose of benefit-risk evaluations of medicines is to describe if the favorable
effects, with their uncertainties, outweigh the unfavorable effects, with their
uncertainties (EMA 2010). In this respect, the European Medicines Agency (EMA)
guidance defines a “favorable effect” as any beneficial effect for the target population
(often referred to as “benefit” or “clinical benefit”) that is associated with the
medicine. Favorable effects most often pertain to improvements in clinical efficacy
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but could also include other factors such as increased compliance and herd immunity.
“Unfavorable effects” include any detrimental effects (often referred to as “risks,”
“harms,” “hazards,” both known and unknown) that can be attributed to the medicine
or that are otherwise of concern for their undesirable effect on patients’ health,
public health, or the environment.

Benefit-risk evaluations of medicines are conducted at three distinct stages
(Mussen et al. 2002). Initially during clinical development, pharmaceutical companies
decide whether the preliminary benefit-risk profile of a compound warrants moving
to the next stage of development, and if so what the clinical program of that next
stage should encompass. During the regulatory approval process, first the applicant
and subsequently the regulatory authorities evaluate whether the new medicine
should be allowed on the market and with what labeling (indication, dose, etc.).
Finally, during the post-approval phase, the benefit-risk profile is reevaluated at
regular intervals as new efficacy and safety data emerge. At each of these stages, an
MCDA benefit-risk model could be of value.

7.1.2  History of Benefit—Risk Assessment and Methodologies

The US Food, Drug, and Cosmetic Act first embraced the idea of benefit versus risk
in 1962, when the Kefauver—Harris Drug Amendments required that firms had to
show a drug’s effectiveness before marketing. However, the first suggestion for
benefit-risk methodology only appeared in 1987 (Walker and Asscher 1987).
In 1998 CIOMS 1V stated that “it is a frustrating aspect of benefit-risk evaluation
that there is no defined and tested algorithm or summary metric that combines
benefit and risk data and that might permit straightforward quantitative comparisons
of different treatment options, which in turn might aid in decision making” (CIOMS
IV 1998). The first formal initiative from a health authority emerged in 2007 when
the EMA issued a report of the CHMP working group on benefit-risk assessment
models (BRAMs) and methods (EMA 2007). This report included a review of the
advantages and disadvantages of MCDA methods in terms of their usefulness for
CHMP scientific assessments and was the start for further research and
debate about the applicability of MCDA methods for regulatory benefit-risk
decision-making. In the IMI PROTECT project, 49 benefit—risk assessment
methodologies were critically appraised and classified. MCDA was among the
methodologies that were recommended for further examination and testing in
appropriate case studies (Mt-Isa et al. 2014). In addition, the recent draft Food and
Drug Administration (FDA) CDRH guidance on patient preference information
listed MCDA as one of the methods to elicit patient preferences (FDA 2015).
Finally, the revised ICH guideline M4E(R2) and specifically the benefit-risk
conclusions section of that guideline stipulate that applicants may use methodologies
that quantitatively express the underlying judgments and uncertainties in a
benefit-risk assessment (ICH guideline 2016).
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7.2 Overview of the Development of an MCDA-Based
Benefit—Risk Model

7.2.1 Introduction

MCDA involves a stepwise approach, and a typical MCDA model for benefit-risk
evaluation includes the following steps (Mussen et al. 2007):

1. Establish the decision context.
2. Identify the alternatives to be appraised.
3. Identify the criteria:

3.1 Identify criteria for assessing the consequences for each alternative.
3.2 Organize the criteria by clustering them under high-level and lower-level
objectives in the hierarchy (optional).

4. Assess the expected performance of each alternative against the criteria
(“scoring”).

4.1 Describe the consequences of each alternative.
4.2 Score the alternatives on the criteria.
4.3 Check the consistency of the scores on each criterion.

5. Assign weights for each criterion to reflect their relative importance to the
decision.

6. Calculate weighted scores at each level in the hierarchy and calculate overall
weighted scores.

7. Examine the result and conduct a sensitivity analysis.

It should be noted that steps four and five can be reversed, i.e., assigning weights
can be done before scoring the alternatives on the criteria.

While most MCDA models involve all above steps and quantify clinical
judgment allowing benefits and risks to be fully quantified, other models only use
the first three or four steps and are sometimes called partial MCDA models. A
typical example of such a model is the BRAT framework (Coplan et al. 2011),
which addressed the need for improved benefit—risk assessment by developing a
structured, systematic, and transparent general platform for benefit-risk assessment.
It consists of six steps (Fig. 7.1) and it facilitates the selection, organization,

Identify & Display & Decision &
Define Assess -
Identify extract Customize interpret communication
decision #| outcome |
outcomes source framework key B-R of B-R
context importance
data metrics assessment

Fig.7.1 Steps in using the Benefit-Risk Action Team (BRAT) benefit-risk assessment framework
(Coplan et al. 2011)
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summarization, and interpretation of data and preferences relevant to the
benefit-risk decision and also serves as a tool to broadly communicate the rationale
for the decision.

7.2.2 Establishing the Decision Context

Establishing the decision context is a prerequisite for a robust MCDA model
(Mussen et al. 2007; Coplan et al. 2011) and pertains to four important aspects
which should be well described, i.e.:

e The compound context, i.e., the specific therapeutic indication to be examined
(e.g., a first- or second-line indication) as well as the intended patient population
and the therapeutic dosage.

e The therapeutic context, i.e., a general review of the therapeutic value of the
available medicines of the same and other pharmacologic classes for the same
indication, as well as the identification of the unmet medical need. In contrast to
the process of identifying criteria and scoring as described below, the goal of
describing the therapeutic context is not to establish a direct comparison between
the different treatments based on specific criteria, but rather to provide a general
description to set the stage.

e The development context which should include an overview of the clinical
studies that were conducted with the compound (design, comparators, etc.), of
the safety database including the duration of exposure, and possibly of other data
sources such as observational studies.

e The stakeholder context, i.e., whose values will be incorporated in the MCDA
model. Options are including the values of the decision-makers such as experts
from pharmaceutical companies or from health authorities, but alternatively
values from customers such as prescribers or patients can be sought.

7.2.3 Identification of the Alternatives to Be Appraised

This step is usually rather straightforward in benefit-risk evaluations. The key
question is whether the new compound should be allowed on the market and if so
whether there should be any restrictions to its use. In order to make that evaluation,
the new compound should be compared with the comparators used in the clinical
program such as active comparators, placebo, standard of care, or no treatment.
Comparisons can in theory also include other medicines for the same therapeutic
indication but not used as comparators in the clinical program, although the validity
and limitations of this kind of cross-study comparisons should be made explicit.
From a technical perspective, the MCDA benefit-risk score or benefit-risk ratio
generated for the new compound under discussion should be compared to the
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benefit-risk score or benefit—risk ratio of the active comparator(s), placebo,
standard of care, or no treatment.

7.2.4 Identification of the Criteria

The identification of the relevant benefit and risk criteria is essential. Mussen et al.
(2007) identified criteria based on a review of the EU, US, and ICH guidelines,
complemented by a detailed review of the literature. Confirmation about the value
of each criterion was sought by carrying out three pilot studies involving senior
people from the industry and senior people from regulatory authorities who were
asked to confirm the usefulness of each criterion for a benefit-risk assessment. The
identified criteria are outlined in Table 7.1. It should also be noted that some of the
criteria listed in the table can be labeled as uncertainty criteria (e.g., representativeness
of the studied population for the population targeted in the label). How to address
uncertainty is described in the next sections of this chapter.

Table 7.1 Benefit and risk criteria identified in Mussen et al. (2007)

Benefit criteria

1. Efficacy versus comparator and its clinical relevance (for each pivotal trial)

. Design, conduct, and statistical adequacy of the trial (for each pivotal trial)

2
3. Clinical relevance of the primary endpoints (for each pivotal trial)
4

. Representativeness of the studied population for the population targeted in the label (for
each pivotal trial)

. Statistical significance of the efficacy results (for each pivotal trial)
. Evidence for the efficacy in relevant subgroups (for each pivotal trial)

. Efficacy as per the results of the non-primary endpoints (for each pivotal trial)

. Efficacy as per the results of the relevant non-pivotal trials and extensions

NeRReRIENRRe RRV))

. Anticipated patient compliance in clinical practice

10. Clustering (consistency) of results of the pivotal trials

Risk criteria

1. Overall incidence of adverse effects

. Overall incidence of serious adverse effects

. Discontinuation rate due to adverse effects

. Incidence, seriousness, duration, and reversibility of specific adverse effects
. Safety in subgroups

. Interactions with other drugs and food

. Potential for off-label use leading to safety hazards

[c-RIEN e NV, RIS ROS R ]

. Potential for non-demonstrated additional risk due to limitations of clinical trials and/or
length of patient exposure

9. Potential for non-demonstrated additional risk due to safety issues observed in preclinical
safety studies but not in humans

10. Potential for non-demonstrated additional risk due to safety issues observed with other
medicines of the same pharmacological class
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In all recent applications of MCDA to benefit-risk evaluation, the relevant
benefit and risk criteria were identified on a case-by-case basis, and there has been
little further work on identifying a general list of relevant criteria. While the above
list was designed to address benefit-risk assessments for new products from the
perspective of the regulatory decision-makers, this list can be used as a basis in
other settings such as post-approval assessments and patient elicitation methods.
For those kinds of decision problems, other relevant criteria such as those based on
results from observational studies and patient reported outcomes might be added.

Having identified criteria, MCDA often requires refinement of the criteria list to
ensure the criteria set complies with the analytical requirements of the additive
models often employed in MCDA. Specifically, this involves ensuring that the
criteria have the following properties: completeness, non-redundancy, non-overlap,
and preference independence (Marsh et al. 2016).

Once the relevant criteria have been identified for a specific MCDA model, it is
good practice to cluster them, in particular when there are many criteria. The easiest
and most suitable way of organizing the benefit and risk criteria is constructing a
value tree, which clusters the criteria in a clear hierarchical way (Fig. 7.2).

In 2013 the Food and Drug Administration published its benefit-risk grid
highlighting the FDA’s high-level decision factors (Table 7.2) (FDA 2013). This
grid can be used to organize the criteria and the available data associated with those
criteria. In addition to benefits and risks, three other decision factors are included in
the grid, i.e., analysis of condition (a description of the natural course of the
disease), current treatment options (a summary of their therapeutic value), and risk
management (a description how the most important risks associated with the use of

Weight loss

Waist circumfence

Systolic blood pressure

Psychiatric disorder

Nervous system disorder

Severe adverse events

Fig. 7.2 Example of a benefit-risk value tree for rimonabant for weighting loss in obese or
overweight patients (Hughes et al. 2013)
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Table 7.2 FDA benefit-risk grid

Decision factor Evidence and uncertainties Conclusions and reasons

Analysis of condition

Current treatment option
Benefit

Risk

Risk management

Benefit—risk summary assessment

the medicine will be evaluated and mitigated). In particular “analysis of condition”
and “risk management” can be included as high-level criteria in an MCDA model,
in addition to “benefits” and “risks.” Another interesting feature of this grid is that it
allows describing uncertainty associated with each of the high-level criteria.

7.2.5 Scoring of the Criteria

Before engaging in scoring the alternatives on the criteria, data on the performance
of alternatives is usually collected. It might be helpful to summarize the available
performance measurements on each of the criteria, and the sources of information
in a table, or a forest plot. One possible format is, for example, the so-called effects
table (EMA 2012).

Scoring is the numerical assessment of the performance of alternatives against
the criteria on a common interval scale (Mussen et al. 2007). To construct a scale, it
is necessary to define two reference points and to allocate numerical values to these
points. Several scoring methodologies are available, including methods to convert
the natural scales used in clinical studies (e.g., the positive and negative syndrome
scale (PANSS) used for measuring symptom severity of patients with schizophrenia)
to a single standardized scale for all benefit and risk criteria. Straightforward scales
can be developed and can easily be compared against each other when the benefit
and/or risk is expressed in terms of a reduction of number of events (e.g., a reduction
in mortality, a reduction in MIs, an increase in major bleedings). Conversion of the
natural scales into a value function, in conjunction with swing weighting (see
below), is usually the best approach for benefits measured in terms of the primary
and secondary endpoints in the pivotal clinical studies and risks measured in terms
of their frequency. Another scoring method which is easy to implement but
somewhat less accurate is categorical value scales (Felli et al. 2009). Such a method
can be used when there are no pertinent data available for a given benefit or risk, for
example, when a new therapy is believed to provide increased adherence or ease of
administration. Further details on scoring the criteria are provided in Chapter 4 of
this collection.
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7.2.6 Assigning Weights to the Criteria

In MCDA, weights are used to reflect the relative importance of criteria (Belton and
Stewart 2002). Several weighting methods have been applied to benefit-risk assessment.
The use of the swing weighting technique has been described in several benefit—risk
models (Mussen et al. 2007; Felli et al. 2009). In swing weighting, the weight
assigned to a criterion is essentially a scaling factor which relates scores on that
criterion to scores on all other criteria. Thus, if criterion A has a weight which is
twice that of criterion B, this should be interpreted that 10 value points on criterion
A are valued the same as 20 value points on criterion B (Belton and Stewart 2002).
Swing weighting requires judgments of the relative importance of the swing in
performance on each criterion.

Sarac et al. used categorical weights and they proposed to assign to each benefit
and risk criterion a weight/importance of 1 (low), 2 (medium), or 3 (high) (Sarac
et al. 2012). Tervonen et al. used a ranking method (Tervonen et al. 2011). Experts
were asked to identify the criterion that he or she considered to be most important,
i.e., would foremost increase from the worst to the best value, then second most
important, etc. Both methods require presumably less effort than swing weighting,
but might generate less precise weights. That is, the precision achieved with swing
weighting comes at the cost of greater cognitive burden on the part of stakeholders,
with the risk of behavioral biases (Tervonen et al. 2015). In addition, in many
real-life situations, decision-makers are not able to or do not want to give exact
preference information (Tervonen et al. 2011).

Traditionally, weights are assigned by the decision-maker, which is either the
pharmaceutical company developing a compound, or the regulatory authorities
evaluating a compound. There is however an emerging trend of using patient
perspectives to decide on the relative importance of criteria (FDA 2015; Ho et al.
2015). Further details on assigning weights to the criteria are provided in Chapter 4
of this collection.

7.3 Examples of MCDA-Based Benefit—Risk Models

Few prospective real-world examples of benefit-risk evaluations based on MCDA
have been published. However, two groups have extensively tested MCDA for
benefit-risk evaluation, i.e., the European Medicines Agency (EMA) and IMI
PROTECT.

The EMA conducted a number of field tests using MCDA and applied it to a
hypothetical medicine to illustrate the graphical displays (value tree, results of the
weighted scores, sensitivity analysis) (EMA 2011). Fixed scales, with the endpoints
defined by the best and worst performance which could realistically occur on the
particular criterion, were developed to score the alternatives. Swing weighting was
used to quantify the relative importance of the criteria. It was concluded that MCDA
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models could be a useful adjunct to the current EMA benefit-risk evaluation
processes. They could not only serve to better explain licensing decisions to external
stakeholders but also enable regulators to move away from “first do not harm” by
incorporating patients’ values into the decision-making process (Eichler et al.
2013).

In the IMI PROTECT project, MCDA was tested in the efalizumab, natalizumab,
rimonabant, rosiglitazone, and telithromycin case studies (see: http://www.imi-
protect.eu/). With regard to scoring the criteria, the data for each criterion were
numerically transformed into utility scores. Swing weighting was generally used as
weighting method. It was concluded that MCDA provides structured stepwise
instructions with the capability of assessing and integrating multiple benefit and risk
criteria, as well as comparing different alternatives. According to IMI PROTECT,
MCDA is also the only approach that can formally deal with multiple objectives
simultaneously. Another appealing feature of MCDA is that several software
packages to perform the analysis are available.

In IMI PROTECT Work Package 6, a case study with efalizumab was used to test
how MCDA-based approaches could be applied within the real-life conditions of
post-licensing regulatory decision-making (Goetghebeur et al. 2016). Advanced
statistical analyses and longitudinal modeling allowed providing effect estimates
when relevant evidence was limited. A by-criterion benefit-risk evidence matrix
was developed based on the EVIDEM methodology to contain the synthesized data
for each criterion as well as scoring scales. As weighting method, hierarchical point
allocation was used, which involves distributing weights (100 points at each level)
across the criteria and sub-criteria of the value tree. This is a relatively straightforward
direct weighting method which is appropriate if used together with categorical
scoring scales. The constructed 11-category scoring scale was designed to conduct a
comparative assessment ranging from “much better than comparator” (score +5) to
“much worse than comparator” (score —5). Such constructed scales can address the
issue of data heterogeneity, as they can accommodate different types of data which
cannot be reduced to a single measure (e.g., based on different treatment durations).
In addition, they allow both absolute data and relative data (e.g., odds ratios) to be
used in the MCDA model. However, constructed scales require judgment on the
data, in contrast to measured scales which represent a mathematical transformation
of the data to a 0—100 scale. This model also illustrates how the benefit-risk balance
evolves over time with different data sets at different time points. It was concluded
that the combination of advanced statistical analysis and a pragmatic and
straightforward MCDA model can be used for real-world decision-making and
support transparent, consistent, and comprehensive benefit-risk assessments.

Other examples of MCDA-based benefit-risk models include the so-called
BRAM (benefit-risk assessment model) which graphically presents contextual
beliefs about benefits and risks in a framework conducive to focused discussion
(Felli et al. 2009). Using the pharmacological class of statins as an example,
Tervonen et al. made recommendations for addressing key methodological
challenges with the use of MCDA (Tervonen et al. 2015). Guidance was provided
how to define the decision problem, how to select a set of non-overlapping criteria
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(study endpoints), how to synthesize and summarize the available data (using
network meta-analysis), how to translate relative measures obtained through
evidence synthesis to absolute scales that permit comparisons between the criteria,
how to define suitable scale ranges, how to elicit preference information, and how
to incorporate uncertainty into the analysis using stochastic multi-criteria
acceptability analysis (SMAA).

Vaccines are another area where decision analysis models could be useful, given
the need to demonstrate a unequivocally positive benefit-risk profile in a healthy
population of vaccine recipients. Phillips et al. developed a decision tree model
shortly after the HIN1 influenza virus reached pandemic status in June 2009, with
the purpose of using it in deliberations about approving vaccines soon based on
limited data or waiting for more data (Phillips et al. 2013). Marcelon et al.
developed an MCDA model to quantify the benefit-risk balance of the quadrivalent
human papillomavirus vaccine for use in males, including for anal cancer
prevention (Marcelon et al. 2016). Specific features of the model included a
comprehensive value tree and effects table and the use of swing weighting and
sensitivity analysis. The main challenges were agreeing on the value tree that
reflects criteria specific to vaccines such as indirect effects, comparing immediate
adverse effects to long-term benefits, extracting effect estimates on a comparable
scale, and for some outcomes, identifying the correct comparator. It was concluded
that MCDA can be used to transparently evaluate the benefit-risk balance of
vaccines. Suggestions for further development of the model included standardizing
some aspects of the value tree for vaccines (e.g., indirect effects), integrating
uncertainty on the estimates into the model, and developing methods to solicit
weights from other stakeholders such as vaccine recipients.

7.4 Outstanding Issues of MCDA-Based Benefit—Risk
Models

An important concern about the use of MCDA in benefit-risk assessment pertains
to dealing with uncertainty. There are three distinct but interrelated components of
uncertainty in evidence (IOM 2014). The first component is clinical uncertainty,
which refers to the fact that results from clinical studies cannot be necessarily
extrapolated to the patient population for whom the therapy is intended, for
example, because of strict inclusion or exclusion criteria in the clinical studies.
Another source of clinical uncertainty is the limited number of patients treated and
the limited duration of clinical studies. The second component of uncertainty is
methodological uncertainty, which refers to the design (e.g., randomization method)
and conduct (e.g., number of patients lost to follow-up) of clinical studies. The third
component is statistical uncertainty. In a traditional MCDA model, alternatives are
scored on the different benefit and risk criteria based on point estimates, and
uncertainty associated with sample variation inherent to criteria measurements
obtained in experimental or observational studies can be captured in the sensitivity
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analysis (and so can clinical and methodological uncertainty), but with some limitations.
To overcome these limitations, Tervonen et al. developed a stochastic multi-criteria
acceptability analysis (SMAA) and applied it to two second-generation antidepressants
(Tervonen et al. 2011). Instead of using deterministic values, the criteria values in
an SMAA model are assumed to be random variables with a joint density function.
Chapter 5 provides more detail on uncertainty in MCDA.

Another major challenge is the complexity and diversity of data to be captured in
benefit-risk evaluations, in particular in the post-licensing setting. A benefit-risk
analysis often involves combining data from multiple sources, including randomized
clinical studies and observational studies, with different designs, durations,
comparators, and endpoints. A complicating factor in this respect is that the
quantification of risks, which is characterized by multiple dimensions including
incidence, severity, and reversibility, is far behind the quantification of efficacy
(Quartey and Wang 2011). These challenges associated with the synthesis of data are
however not limited to MCDA, but apply to all approaches to benefit-risk analysis.

Another area of ongoing debate is whose preference (scores and weights)
should be used in benefit-risk assessment and which methods should be used to
elicit them. The EMA’s benefit-risk methodology project elicited preferences
from agency staff using swing weighting methods (EMA 2011). Recent FDA
guidance places the emphasis on eliciting patient preference for use in quantitative
benefit-risk assessment and identifies a range of methods that could be used,
including discrete choice experiment, best—worst scaling, analytical hierarchy
process, and SMAA (FDA 2015). It also notes the lack of guidance on which
methods are most appropriate and under which circumstances. Recent guidance
from the International Society for Pharmacoeconomics and Outcomes Research
discussed the difference between weighting methods and their relative merits
(Marsh et al. 2016), and further detail on this topic is available in Chapter 4 of this
collection, though we anticipate much more work on this topic in the near future.
Of particular interest will be Topic 1 of the Innovative Medicines Initiative’s
fifth call, which is concerned with methods for eliciting patient preferences for
benefit-risk assessment (http://www.imi.europa.eu/content/stage-1-16). This will
involve a consortium of academics, industry, and regulators testing multiple
methods over the coming 5 years.

7.5 Conclusion: The Place of MCDA-Based Benefit—Risk
Models

MCDA has the potential to support the evaluation of the benefit-risk balance of
drugs and devices. The use of so-called partial MCDA models has become a
standard practice in regulatory submissions, especially in Europe. In such models,
benefit and risk criteria are defined and arranged in, for example, a value tree, but
values are not quantified so that no benefit—risk scores are calculated. Such models
require little effort and may be sufficient for more straightforward benefit-risk
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decisions (Phillips et al. 2011). As a consequence, the EMA now utilizes a partial
MCDA model in the form of an effects table.

In some instances it is valuable to also elicit scores and weights and undertake a
full MCDA. The EMA concluded that a full MCDA model would be most useful for
difficult or contentious cases. These could arise when the benefit-risk balance is
marginal and could tip either way depending on judgments of the clinical relevance
of the effects and in the case of many conflicting attributes (EMA, work package 4
report). The FDA has also recently taken steps toward greater use of full MCDAs,
encouraging the collection of patient preference data to inform a quantitative
benefit-risk analysis for devices (FDA 2015).

Because the features of each benefit-risk assessment are specific to the therapeutic
and pharmacological class of the therapy which is being assessed, ideally a separate
MCDA model should be developed for each therapeutic/pharmacological class.
Work is ongoing to develop further guidance on which MCDA methods are most
appropriate for benefit—risk assessment, addressing outstanding issues such as how
best to measure performance on benefit and risk criteria, which weighting methods
to employ, and how best to deal with uncertainty.

When deciding the MCDA approach, as with any method, there is a trade-off
between the level of precision generated and the effort required. In general, value
analysis methods such as MCDA provide high-quality decisions but at the expense
of larger effort. If not implemented well, they also risk reducing the transparency of
the decision-making process (Russo and Schoemaker 2002). The latter is very
important in regulatory decision-making, and it must therefore be ensured that any
MCDA model is used as a tool for, but does not substitute the decision-makers. In
addition, the decision-makers will have to articulate their decision and the
corresponding conclusions from the MCDA model in a language which is
understandable for key stakeholders.
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Chapter 8
Advancing MCDA and HTA into Coverage
Decision-Making

Hector Castro, Michele Tringali, Irina Cleemput, Stephan Devriese,
Olivia Leoni, and Emanuele Lettieri

Abstract Introduction: Country- and region-specific health technology assessment
(HTA) organisations for priority-setting and resource allocation have emerged
around the world. Decision-making in healthcare is a continuum from evidence
generation to deliberation and communication of the decision made, and HTA is
only a part of this process whereby the available evidence is assessed to inform
decision-makers about the most efficient use of resources. Besides the assessment,
reimbursement decision-making also involves appraising the available evidence,
while bearing in mind societal values and ethical considerations. Even in countries
where formal HTA activities are ongoing, transparency levels of resource-allocation
decisions vary reflecting competing interests of governments and other
stakeholders.

Overview: While multiple publications have examined the role of HTA through
the collection of data, there is still limited knowledge of how decision-makers use
and value this evidence, as well as the challenge of incorporating other broader
criteria in an explicit manner. Multi-criteria decision analysis (MCDA) has
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emerged as a tool to support decision-making in healthcare. MCDA supports
decision-making by breaking down complex problems into multiple components
and drawing on both qualitative and quantitative approaches to measure and then
combine these components.

Objectives: The aim of this chapter is to demonstrate the potential of, as well as
the challenges associated with, using MCDA for resource-allocation decisions by
presenting case studies carried out by well-established institutions in Colombia, the
region of Lombardy in Italy and Belgium.

Conclusion: Further research on merging MCDA and HTA to support better
informed coverage decision-making, especially on methods, consistency and
replicability of MCDA results may be of value for all countries.

8.1 Introduction

Health technology assessment (HTA) examines the consequences of the application
of health technologies aimed at better informing decision-makers. As such, HTA has
become a topic of great interest, albeit not without controversy. HTA advocates argue
that it promotes efficiency of resource allocation, while critics state HTA is simply a
means to restrict access to new and costly technologies (O’Donnell et al. 2009).

Over the past decades, different countries have established HTA organisations to
better inform healthcare policies and clinical practice. HTA agencies have gained
space in taxation-based and social health insurance systems. In fact, most high-income
countries (HICs) utilise some form of HTA process to facilitate decision-making and
priority setting within their health systems (Bulfone et al. 2009; Castro 2011). Recent
examples of HTA agencies in the developing world have also emerged (Castro 2012).

HTA, although important, is only a part of the process of decision-making (Cleemput
et al. 2012). Beyond scientific evidence, decision-making also requires value
judgements (Eddy 1990; Tunis 2007; Cleemput et al. 2011). Neither HTA reports nor
the results of cost-effectiveness analyses should be blindly used to make decisions.

While multiple studies and publications have examined the role of HTA as a data
collection process (Heyse et al. 2001; Briggs 2001; Briggs et al. 2002; Hoch et al.
2002), there is still limited knowledge of how decision-makers used this data, as
well as the challenge of incorporating other criteria in an explicit manner. Authors
like Drummond and Sorenson (2009) have suggested a “divorce” of the evidence
produced and decision-making process, since many HTAs and economic evaluations
published in the literature have been performed with no specific decision-maker in
mind.

Even in countries where formal HTA activities are ongoing, and in most low- and
middle-income countries (LMICs), many resource-allocation decisions are still
based on non-transparent choices that reflect competing interests of governments,
donors and other stakeholders (Glassman et al. 2012). Frequently, decision-making
is inconsistent and unstructured. Important criteria such as budget impact, equity
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and disease severity have not always been taken into consideration, and if they have,
it is not often clear how they have impacted a final decision (Baltussen and Niessen
2006). This can lead to implicit and covert rationing through waiting lines, low
quality and inequities (Glassman et al. 2012).

Multi-criteria decision analysis (MCDA) has emerged as a tool to support
decision-making in healthcare (Miot et al. 2012) attempting to move beyond the
evidence generation/collection phase of the process. MCDA methods are designed
to help people make “better” choices when facing complex decisions involving
several dimensions. “MCDA are especially helpful when there is a need to combine
‘hard data’ with subjective preferences or make trade-offs that involve multiple
decision-makers” (Dolan 2010). In theory, MCDA allows a structured and objective
consideration of the factors that are both measurable and value based in an open and
transparent manner (Baltussen and Niessen 2006; Dolan 2010) thus could be
considered an important step towards rational priority setting in developing
countries (Baltussen et al. 2007; Miot 2012).

The aim of this chapter is to demonstrate the potential of, as well as the
challenges associated with, using MCDA for resource-allocation decisions by
presenting case studies carried out by well-established institutions in Colombia, the
region of Lombardy in Italy and Belgium.

8.2 The Case Studies

8.2.1 Testing MCDA in Colombia

The Colombian Regulatory Commission for Health (CRES) operated until
December 2012, as the coverage decision-making body. Arguably, CRES was
disbanded because of a lack of “legitimacy”, and the Ministry of Health and Social
Protection (MoHSP) regained reimbursement decision-making powers. This
institutional instability created the opportunity to test MCDA methods.

The MCDA framework Evidence and Value: Impact on Decision-Making
(EVIDEM) developed by Goetghebeur et al. (2008) was the one used by CRES in
Colombia before its disbandment when attempting to implement a more systematic
priority-setting process. EVIDEM is an open-source generic framework intended to
help judge the value of interventions from two perspectives: the value system of the
evaluator (decision-maker) with regard to the importance of each criteria (weights)
and the performance of an intervention on preselected decision-making criteria
(scores).

EVIDEM includes core quantifiable and contextual qualitative criteria considered
important in decision-making; this approach has been tested and used in several
countries (Guindo et al. 2012; Goetghebeur et al. 2010, 2012; Tony et al. 2011; Miot
et al. 2012). The framework also includes detailed protocols for the collection,
analysis, synthesis and reporting of evidence for each decision criterion (by criterion



122 H. Castro et al.

HTA report). Appraisals are transformed into a holistic MCDA value estimate which
allows for ranking and cross comparison of healthcare interventions.

8.2.1.1 Methods

The methodological approach taken in Colombia is similar to the steps followed by
previous applications of EVIDEM for coverage decision-making (e.g. Miot et al.
(2012) in South Africa, Tony et al. (2011) in Canada) (Fig. 8.1).

During a preparatory stage, investigators conducted literature searches and
produced HTA reports for each intervention of interest, followed by panel sessions
of decision-makers to contextualise criteria to be used, establish a committee
perspective (weighting of criteria), appraise each intervention (scoring and consideration
of criteria) and discuss the results and process.

Selecting Criteria and Assigning Weights

During October 2012 CRES led an independent initiative aimed at selecting
criteria for coverage decision-making during three workshops involving 11 senior
decision-makers (academics, researchers and civil servants) with broad experience
of working in the context of the local health system. Participants were asked to

Literature review of intervention(s) of interest
< Published sources, public domain and other information

HTA report for each intervention of interest
<% Synthesised data organised into MCDA matrix

Panel perspective
% Weighting of MCDA decision-making criteria

Appraisal of intervention(s) of interest
< Scoring intervention(s) with respect to MCDA criteria

Discussion
< Feedback on process, policy implications

Fig. 8.1 Scheme of work for piloting EVIDEM (Source: Adapted from Goetghebeur et al. (2012))
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identify additional contextual criteria considered relevant for resource-allocation in
Colombia. After three voting rounds in two nominal group sessions, a final list with
15 criteria was produced, 13 from the EVIDEM core model and two added
contextual criteria (bold) (Table 8.1).

Once the panel had agreed on the final criteria and their definitions, participants
were asked to weight each criterion irrespective of any healthcare intervention. A
participatory process was implemented by CRES, who organised meetings with
various stakeholders (academics, patients associations, citizen councils and
representatives from the medical societies) around the country and asked them to
assign weights. A total of 201 citizens weighted each of the 15 criteria (CRES 2012).

Assembling the Evidence for Selected Technologies

Four technologies were selected for the pilot: primary prophylaxis (PP) for severe
haemophilia A (SHA), zinc supply for diarrhoea prevention, anastrozole as
first-line therapy for hormone receptor-positive postmenopausal women with
metastatic breast cancer and ticagrelor +acetylsalicylic acid (ASA) for patients
with acute coronary syndrome (ACS) without ST elevation and moderate to high
cardiovascular risk. Technology selection was partly based on convenience with
availability of published local HTA summaries for these interventions. In addition,
all three non-haemophilia-related technologies were considered as potentially
cost-effective, while prophylaxis was not. At the time of running the pilot, no
reimbursement decisions had been made as to whether they would be publicly
reimbursed.

The clinical practice guidelines by Perry et al. in 2012 (anastrozole), Florez et al.
(zinc) (2013) and Senior et al. (ticagrelor) in 2013 were used to produce the HTA
reports. In the case of PP, the HTA report was based on a recent cost-utility analysis
(CUA) and a literature review (Castro et al. 2013). The adapted EVIDEM MCDA
matrix was used to assemble the HTA information of the four technologies in
Spanish. All reports contained the relevant information organised considering the
criteria and weights developed by CRES in 2012.

Appraisal of Interventions and Discussion

Because CRES was dissolved before appraising the value of any intervention, a new
focus group was organised as a mock reimbursement decision committee to appraise
the value of the four interventions in August 2013. The focus group was designed to
mimic a resource-allocation decision-making committee, 12 organisations were
identified as containing potential sources of participants (government, insurers,
providers, patients groups, academics, healthcare professionals, people’s advocates
and lay members). Senior policy-makers and “high profile individuals were selected
to assure legitimacy and ‘buy in’ of the pilot”.
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Table 8.1 Final list of criteria and weights for the Colombian-modified version of EVIDEM

Criterion Definition Weight (%)
Disease severity Severity of the health condition of patients treated with 9.3
the proposed intervention (or severity of the health
condition that is to be prevented) with respect to
mortality, disability, impact on quality of life and clinical
course (i.e. acuteness, clinical stages)
Size of population Number of people affected by the condition (treated or 8.9
affected by disease prevented by the proposed intervention) among a
specified population at a specified time; can be expressed
as annual number of new cases (annual incidence) and/or
proportion of the population affected at a certain point of
time (prevalence)
Improvement of Capacity of the proposed intervention to produce a 8.7
efficacy/effectiveness | desired (beneficial) change in signs, symptoms or course
of the targeted condition above and beyond beneficial
changes produced by alternative interventions. Includes
efficacy and effectiveness data, as available
Current clinical Concurrence of the proposed intervention (or similar 7.7
guidelines applicable | alternatives) with the current consensus of experts on
in Colombia what constitutes state-of-the-art practices in the
management of the targeted health condition; guidelines
are usually developed via an explicit process and are
intended to improve clinical practice
Type of medical Nature of the clinical benefit provided by the proposed 7.3
service (clinical intervention at the patient level (e.g. symptom relief,
benefit) prolonging life, cure)
Budget impact on Net impact of covering the intervention on the budget of 6.9
health plan (POS) the target health plan (excluding other spending)
Improvement of Capacity of the proposed intervention to produce a 6.6
safety and reduction in intervention-related harmful or undesired
tolerability health effects compared to alternative interventions
Public health interest | Risk reduction provided by the proposed intervention at 6.5
the population level (e.g. prevention, reduction in disease
transmission, reduction in the prevalence of risk factors)
Improvement of Capacity of the proposed intervention to produce 6.3,
patient-reported beneficial changes in patient-reported outcomes (e.g.
outcomes QoL, improvements in convenience to patients)
Current intervention | Shortcomings of comparative interventions in their ability | 6.2
limitations to prevent, cure or improve the condition targeted; also
includes shortcomings with respect to safety, patient-
reported outcomes and convenience
Attention to Capacity of the proposed intervention to beneficial impact | 5.7
vulnerable groups of | to vulnerable groups of populations as defined by law in
population Colombia (e.g. displaced, elderly, disabled, native
American, mentally ill, etc.)
Cost-effectiveness of | Ratio of the incremental cost of the proposed intervention | 5.5

intervention

to its incremental benefit compared to alternatives.
Benefit can be expressed as number of events avoided,
life-years gained, quality-adjusted life-years gained,
additional pain-free days, etc.
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Table 8.1 (continued)

Criterion Definition Weight (%)
Completeness and Extent to which reporting of evidence on the proposed 5.1
consistency of intervention is complete (i.e. meeting scientific standards

reporting evidence on reporting) and consistent with the sources cited

Relevance and Extent to which evidence on the proposed interventionis | 5.0

validity of evidence | relevant to the decision-making body (in terms of
population, disease stage, comparator interventions,
outcomes, etc.) and valid with respect to scientific
standards and conclusions (agreement of results between
studies). This includes consideration of uncertainty

Attention to Capacity of the proposed intervention to beneficial impact | 4.3
differential needs for | to people in need of differential care (e.g. orphan disease,
health/healthcare palliative care, end of life, etc.)

Since traditionally resource-allocation decision-making occurs as a centralised
process in the country, all eligible participants were located in Bogota. The feasibility
and usefulness of using and incorporating HTA and EVIDEM to inform
resource-allocation decision-making were explored during a 2-h focus group held at
the Health Technology Assessment Institute-IETS through a set of open-ended
questions. All participants were asked to consent to participate and to be recorded
for transcription and to declare potential conflicts of interest.

To appraise the healthcare interventions, respondents were presented with
MCDA evidence matrices which prompted HTA summaries and ask to score each
criteria individually on a four-point cardinal scale (0-3), where 3 represents the
highest level of fulfilment of each decision criterion and 0 the lowest (EVIDEM
v2.0). The calculation of the MCDA value estimates was done by combining
normalised weights and scores for each individual using a linear model with 1 being
the highest value for an ideal intervention and O the lowest. Averaged results
compiled at the group level were presented to participants at the end of the session
to promote discussion.

To promote discussion, participants were presented with a hypothetical scenario
where only those two technologies with the highest scores were to be reimbursed by
the healthcare system. Questions such as “was there enough information to make
resource-allocation decisions in Colombia?”” and “what changes or improvements
could be added to the processes and methods presented in the pilot for future
implementation”? were asked to participants to gather their inputs, concerns and
expectations.

The focus group was recorded, transcribed verbatim and uploaded to ATLAS-ti7
to assist content analysis. In order to interpret emerging data rather than simply
describing it, no preliminary hypothesis was considered. Labels such as sufficiency
of information, methods concerns, methods comparison, validity of information,
incorporation of HTA into decision-making and the specific value of each intervention
were predefined as the relevant categories that served to inform the aims of this
chapter.
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8.2.1.2 Results

Seven people attended the invitation to participate. Participants represented a broad
range of stakeholders within the Colombian health system, from members of the
MOoHSP, academics, insurers, patients and professional associations to lay members
of society. All participants were skilled workers with at least one postgraduate
degree. No representatives from hospitals or people’s advocates participated in the
meeting, although they were formally invited to attend. Scoring the four technologies
of interest using the MCDA evidence matrix took an average of 11.15 min (range
7-18 min) per healthcare technology per participant.

MCDA value estimate calculation indicated that zinc ranked first (0.904)
followed by anastrozole (0.822), PP for SHA (0.794) and ticagrelor (0.708)
(Table 8.2). Perceived value of interventions varied across participants [zinc
(0.782-0.986), anastrozole (0.698-0.934), PP (0.595-0.977) and ticagrelor (0.449—
0.945)], reflecting the diverse perspectives and interpretation of presented evidence
of participants.

Table 8.2 Results of the EVIDEM comparative value of interventions by criterion

Standardised scores per technology

Weight PP
Criterion (%) Zinc Anastrozole | FVIII | Ticagrelor
Disease severity 9.3 0.093 | 0.080 0.093 1 0.075
Size of population affected by 8.9 0.089 |0.076 0.076 | 0.085
disease
Improvement of efficacy/ 8.7 0.083 | 0.079 0.083 1 0.070
effectiveness
Current clinical guidelines 7.7 0.062 | 0.066 0.022 | 0.066
applicable in Colombia
Type of medical service (clinical 7.3 0.059 |0.063 0.059 1 0.063
benefit)
Budget impact on health plan (POS) | 6.9 0.066 | 0.046 0.049 | 0.049
Improvement of safety and 6.6 0.063 | 0.066 0.063 0.028
tolerability
Public health interest 6.5 0.065 |0.046 0.040 1 0.053
Improvement of patient-reported 6.3 0.063 0.036 0.051 10.024
outcomes
Current intervention limitations 6.2 0.038 0.053 0.059 0.038
Attention to vulnerable groups of 5.7 0.057 10.041 0.057 10.030
population
Cost-effectiveness of intervention 55 0.047 1 0.050 0.031 0.042
Completeness and consistency of 5.1 0.039 10.036 0.032  10.027
reporting evidence
Relevance and validity of evidence | 5.0 0.040 0.045 0.045 0.033
Attention to differential needs for 43 0.039 0.039 0.033  10.025
health/healthcare
MCDA value per technology 100 0.904 0.822 0.794 10.708
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In answer to the question could EVIDEM be used in Colombia to assist
resource-allocation decision-making, participants found EVIDEM was a means of
incorporating HTA into decision-making and also of prioritising different health
interventions for resource-allocation. The final consensus was that a mixed methods
approach including an appraisal based on an MCDA evidence matrix completed by
a financial exercise with a detailed Budget Impact Analysis (BIA) examining the
opportunity costs would be ideal for Colombia.

Participants also identified limitations regarding the adequacy of information
presented in the EVIDEM summary. Some specific criteria represented more
challenges than others for interpretation and valuation. Some doubts emerged when
independently valuing each criterion. There was risk of double counting information
(consideration of the same evidence in multiple criteria), since no strategy was
considered to consistently synthesise HTA evidence to avoid it.

Another limitation of this pilot relates to language differences between the
original EVIDEM tools used (matrix and by criterion), published in English and the
non-validated Spanish versions presented to participants. The method used to elicit
weights applied by CRES in 2012 clearly departed from the 1 to 5 scale originally
used by EVIDEM, shall it had an impact on the final results could be as well an
important limitation.

Since institutional HTA has been in place for less than 3 years in Colombia, there
were still concerns and considerations among participants of the methods to
conduct HTA, for instance, the validity of data used for modelling, the use of QALY's
when conducting CUASs or the reliance on ICERs alone to inform decision-making
but also on how to incorporate HTA results into decision-making. Nevertheless, the
pilot is one of the first initiatives within the country to combine HTA and MCDA for
more explicit priority setting.

8.2.2 Institutional HTA/MCDA Approach in Lombardy

Lombardy is a region in the north of Italy with 9.8 million residents served by a
healthcare system involving 145,000 workers, 220 hospitals and 2700 pharmacies
and an annual health budget of €17 billion. In 2008, the Lombardy Healthcare
Directorate (LHCD) issued a policy for an HTA programme to maximise healthcare
benefits to citizens by promoting more efficient and evidence-based healthcare
resource-allocation and sustainable diffusion of technologies. The HTA programme
was therefore based on principles of accountability, orientation to health outcomes,
transparency in decision-making and sustainability.

Value for health is defined as health outcomes expected when the National Health
Service (NHS) reimburses a health technology over other competing alternatives.
The healthcare directorate started the programme with the naming of two representative
committees (one for priority setting for emerging technologies and one for
appropriateness of diffused technologies), alongside a policy for managing conflict
of interest and a website platform to support it and collect contributions from
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hospitals, companies and experts. The programme mainly addresses prioritisation
and appraisal tasks, while technical assessment is limited to the contextualisation of
third-party HTA reports into an MCDA evidence matrix.

8.2.2.1 Historical Perspective and Rationale for Developing
and Implementing an MCDA-Based Appraisal Process

The Lombardy government recognised an opportunity to strengthen the HTA
programme taking into consideration methods developed by the European network
of HTA (EUnetHTA) and the EVIDEM collaboration. EUnetHTA focuses on
facilitating knowledge sharing, efficient use of resources and promoting good HTA
practices in Europe. It publishes Core Models, guidelines and other resources to
streamline assessment practices. The EVIDEM collaboration developed a
pragmatic decision-making framework and some tools to help bridge MCDA and
HTA in order to clarify appraisal practices.

The LHCD then developed an information framework incorporating adapted
versions of both the EVIDEM set of criteria and the EUnetHTA Core Models
(version 1.0); this was in order to build a complete, coherent and operational
HTA-MCDA application aimed at structuring assessment reports for appraisal
activities. A modified set of criteria from EVIDEM was inserted into the EUnetHTA
framework under the top level (Domains) and also over the middle-level hierarchy
(Topics). The EUnetHTA ontology structure was maintained, except from “Health
problem relevance” and “Technology solution relevance” which were merged in the
Lombardy’s version as “Technical relevance”, while “Effectiveness” was split into
“Efficacy” and “Effectiveness” in order to comply with the original Lombardy
regulation, issued 2 years before the publication of Core Models 1.0.

The Lombardy HTA-MCDA application ontology has been implemented as
web-based tools for both the quantitative and qualitative stages of the prioritisation
and appraisal process. This has helped to clarify processes and better communicate
results to hospitals. It has been field tested internally and applied to most HTA
projects from 2012 onwards (Migliore et al. 2014; Tringali et al. 2014).

8.2.2.2 The Appraisal Process

The process starts with a submission from hospitals, manufacturers, independent
clinical experts or other bodies (e.g. the region itself or the Italian Agency for
Healthcare research and quality-AGENAS). The framework is used by committed
members formed by experts selected according to their expertise and declaration of
vested interests. The framework contextualises participants on HTA reports and also
provides the tools to support participants’ personal judgement. Potential committees’
decisions can be rejected, further assessed or directly approved for reimbursement
within Lombardy NHS. Committees’ decisions are usually translated into formal acts.
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The appraisal stage proceeds as follows, developers present structured proposals
to committee members and then HTA reports are produced internally or adapted
from third parties by the region or local hospitals. For each appraisal each committee
member is asked to judge on the relative importance of 8 general “domains” (for
emerging technologies) or 15 more specific “criteria” (for diffused technologies, for
which more information usually is available) through a personal weighting
operation using an online form.

The weighting method is always a direct and anchored rating scale. For emerging
technologies, each committee member is asked to assign eight to the domain
considered as the most important and one to the least important one and then to
distribute weights to the other domains to ensure differentiation among domains and
avoid flattening of judgements towards a same level of perceived importance.
Average weights by domain are obtained after summing up scores by participant
and dividing them by number of participants. Alternative methods for weighting,
like hierarchical point allocation or pair-wise comparison between individual
domains/criteria, have been initially considered but put aside since committee’s
expertise with MCDA methods was still at an early stage, and the face validity of the
simple eight-point scale weight elicitation method was deemed satisfactory (for
more details on weighting methods, see Chapter 4).

The same process is applied by members of the appropriateness committee with
15 quantitative criteria. The individual weightings are then discussed online and
during meetings, and each member can modify his/her own weightings. After these
are approved, final weights are calculated and members are given access to the full
documentation available.

Each member individually scores the performance of the proposed technology
for each domains/criteria and with respect to available alternatives of care using an
online form, with a predefined scoring system from O to 4, where O=absence of
relevant information, 1=comparative lesser value, 2=comparative similar value
and 3 or 4=comparative (slightly or highly) better value. Members also provide a
mandatory comment for each score. Uncertainty of scores was not initially
modelled and was left to the discussion within committees, but a revision is planned
with the introduction of a three-level classification of uncertainty for each assigned
score.

Individual scores and comments are then elaborated into a judgement draft, in
two parts

1. Priority (or appropriateness) index for the NHS. A linear additive model is used
for the analysis of individual value contributions (normalised weights X scores)
for each domain/criterion to provide an index from O to 1 representing the overall
value of the technology as follows:

(a) From 0 to 0.25 when the estimate’s averages are among 0 and less than 1, in
this case the intervention cannot be evaluated in a robust way.

(b) Between 0.25 and 0.50 when the estimate’s averages are among | and less
than 2, here the relative value of the intervention is less or equal to the value
of alternatives.
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(c) Between 0.50 and 1 when the estimate’s averages stand between 2 and 4
and the proposed intervention has a better overall comparative value than
alternatives.

2. Qualitative analysis of comments written for each domain/criterion. Comments
are categorised by two reviewers, with resolution of disagreement by consensus,
and analysed within a descriptive report, where more frequent and robust argu-
ments are proposed as possible motivations for the decision.

Both priority/appropriateness indexes for the NHS and categorised comments
drafts are discussed and revised to verify the coherence between scores and
comments, to eliminate ambiguities and to identify further areas of assessment.
After revision, the index and the motivations are approved and sent to administration
for consideration for policy-making.

For some of the appraised technologies, judgement was repeated by two or three
independent subgroups of the committees in a blinded way to measure reproducibility
of indexes; since this has always been very high, there have been no cases where there
was a need to revise the final judgement. Intra-rater and inter-rater variability of
committee members in expressing weights has also been explored and showed a high
degree of consistency among voters (yet unpublished work). This internal analysis is
now being replicated and extended by an independent academic group. Results of this
analysis will help inform the updating of the regional HTA policy in the near future.

8.2.2.3 MCDA Outputs in Lombardy

From 2012 several diagnostic and interventional technologies have been prioritised,
i.e. recommended or refused using the MCDA approach presented above in
Lombardy. Figure 8.2 depicts the list of healthcare technologies prioritised for
reimbursement during 2012-2014 in Lombardy (more information available at
http://vts-hta.asl.pavia.it).

Most of the proposed technologies have been rejected; in other cases a positive
appraisal was followed by reimbursement, sometimes with restrictions for an
appropriate use, i.e. indication of specific centres, patient selection procedures and
provisional tariffs linked to a conditional reimbursement (upon verification of
prospected outcomes as registered in real-life patients).

Note that laser endo-microscopy and presepsin reached a similar value of the
priority index, but different decisions were issued by the regional administration on
the basis of the overall comments of the committee’s members. XXX denotes a
medical device for which an administrative appeal decision is pending against the
rejection from reimbursement.

Figure 8.3 is an illustration from the final appraisal document for the
trans-vascular aortic valve implantation (TAVI) for aortic stenosis procedure.

First, appropriateness indexes for the TAVI procedure in operable and inoperable
patients were calculated through MCDA using 15 quantitative criteria by appraisal of
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ASSESSMENT APPRAISAL DECISION
(COTE 7 tesla NMR for neurodeger e ——— | [ | Radiology IEEEEECNND)
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Fig. 8.2 Value of healthcare interventions for healthcare programming in Lombardy

committee members (N=21). The analysis of qualitative judgements expressed by
the same members as negative, no or positive impact and related comments for six
qualitative criteria helped to prepare a set of final recommendations for TAVI; which
in this case were: audit of every case, revised criteria for authorisation of centres,
team evaluation of frailty and comorbidities, clinical registry of pathology linked to
the financing procedure and conditional repayment-payback if no positive outcome
at 2 years (this policy act was issued in 2013).

8.2.2.4 Latest Developments in Lombardy and Future in Italy

During 2015 the Lombardy HTA-MCDA application ontology was revised to
incorporate the content of the EUnetHTA Core Model version 3.0 (draft version as
of September 2015) and most of the changes made in version 3.0 of the EVIDEM
framework. The resulting updated list of domains and criteria in use is reported in
Table 8.3.

The pioneering work of the Lombardy region is now explored by other regions
in Italy as well as at the national level. Recently, a prescription for MCDA use
was added to a national law for priority setting in the medical devices area
highlighting the real-life value of this approach to support HTA, decision-making and
communication with stakeholders.
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Fig. 8.3 Extract from the appraisal process for TAVI

8.2.3 Developing an MCDA Approach for Coverage
Decision-Making in Belgium

Coverage decisions in healthcare in Belgium are taken by the Minister of Health,
after advice from the National Institute for health and Disability Insurance (INAMI/
RIZIV). This case study focuses solely on drug reimbursement decisions.

The Belgian drug reimbursement procedure underwent notable changes in 2001.
The Drug Reimbursement Committee (DRC) was established to appraise the
reimbursement requests from pharmaceutical companies and formulate advice to
the minister of health.

The DRC consists of different stakeholders in the Belgian healthcare sector,
including representatives from academia, physicians, pharmacists and sickness
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Table 8.3 List of domains Quantitative domains (D) and criteria (C)
and criteria

D1 — health problem relevance
CO1 — description of disease and of its severity

CO02 - size of population interested

D2 — technology solution relevance
CO03 - type of preventive benefit

C04 — type of therapeutic benefit

CO05 — quality of evidence
D3 — safety
C06 — improvement of safety and tolerability

D4 — effectiveness
CO07 — improvement of efficacy and effectiveness

CO08 - improvement of patient-reported outcomes or patient-
perceived health

C09 — comparative interventions limitations (unmet needs)

C10 — consensus in clinical guidelines and regulatory status

D5 — financial and economic aspects
C11 - budget impact on health plan (cost of intervention)

C12 — impact on other healthcare costs

C13 — impact on costs not related to healthcare

C14 - cost-effectiveness of intervention, opportunity costs and
affordability

Qualitative domains (D) and criteria (C)

D6 — ethical aspects, equal opportunities

C15 — population priority and access (fairness)

D7 — organisational aspects

C16 - system and providers’ capacity and appropriate use of
intervention

D8 — social aspects

C17 - stakeholder pressures and barriers

D9 — legal aspects
C18 — legal requirements and adherence to mission of NHS

funds (voting members) and representatives from the ministries, pharmaceutical
industry and INAMI/RIZIV (consultative members). Voting is done by a show of
hands in the presence of consultative members. Individual representatives do not
have to justify their vote.

The criteria that need to be taken into account during the appraisal process are
defined by law. They include added therapeutic value, drug price and reimbursement
basis, clinical effectiveness and likely impact of the product given the therapeutic
and social needs, budget impact and cost-effectiveness. Criteria for assessing therapeutic
value are also defined by law and include efficacy, safety, effectiveness, applicability
and comfort. Added therapeutic value is recognised if the drug use in a given
treatment demonstrates an impact on mortality, morbidity and/or quality of life.
There is no explicit hierarchy in the criteria.
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8.2.3.1 Transparency

The changes in the drug reimbursement procedures introduced in 2001 substantially
enhanced the transparency and use of objective criteria compared to the period
before the establishment of the DRC (Cleemput and Van Wilder 2009). However,
issues of transparency remained. The appraisal phase remains a deliberation process
in which formal as well as informal criteria are used. Moreover, the distinction
between the assessment phase and the appraisal phase is not always very clear.

Primary assessment reports and decisions of the minister are published on the
website of the INAMI/RIZIV, but it is not always clear which elements eventually
led to the advice/decision as the main discussion points and arguments are not
reported.

8.2.3.2 A Belgian MCDA Framework

In 2010, the Belgian Healthcare Knowledge Centre (KCE), an independent publicly
financed policy research agency in Belgium, examined ways to improve the
accountability for reasonableness of the drug reimbursement system (le Polain et al.
2010). First, it was recommended to make a stricter distinction between the assessment
and the appraisal process. Assessment implies the collection of the evidence
regarding the technology under consideration. Appraisal implies value judgements,
e.g. related to the relative importance of each of the assessment elements. These
value judgements should, in a democratic system, ideally reflect societal values and
preferences. Second, KCE also presented a possible MCDA framework for making
health technology appraisal processes more transparent (Table 8.4). The framework
is meant to support decision-making regarding new interventions for different
indications.

The framework consists of five questions, corresponding to five intermediate
decisions. Each question needs to be answered using explicit decision criteria. The
criteria must be (1) relevant and (2) weighted in accordance with the relative
importance attached by the general public. The advantage of splitting up the
decision process in intermediate questions is that it is cognitively easier for people
to consider fewer criteria at once than to consider more criteria at the same time
when making a choice (Ryan et al. 2001).

The questions are structured hierarchically, presuming that a new intervention
can only be worthwhile reimbursing if there is a need for a better intervention, and
the added value of the intervention is sufficient. However, it is not enough that there
is a perceived need. Even if there is a need, the new intervention still needs to be
better on other criteria considered as important. At a higher need, the better the
intervention, meaning a higher propensity to pay for the new treatment with public
resources (this on aspects that matter to patients).

The Belgian approach foresees the application of MCDA to each intermediate
decision in the framework. In contrast to the examples described in the literature,
the Belgian MCDA framework prescribes that criteria weights should come
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Table 8.4 Key questions and possibly relevant criteria for a healthcare reimbursement appraisal
process (MCDA framework)

Decision

Question

Possible criteria

Therapeutic and
societal need

Does the product target a
therapeutic and/or societal need

Therapeutic need: effective
alternative treatments available or
not available, severity of disease,
inconvenience of current
treatment

Societal need: high/low prevalence;
public expenditures related to the
disease

Preparedness to
pay out of public
resources for a
treatment

Are we, as a society, in principle,
prepared to pay out of public
resources for a treatment that will
improve this indication?

Own responsibility, lifestyle-related
condition

Preparedness to
pay out of public
resources for the
treatment under
consideration

Are we, as a society, prepared to
pay out of public resources for
this particular treatment, given
that we in general would be
prepared to pay for a treatment
for this indication?

Safety and efficacy of the treatment
compared to the alternative
treatment(s); added therapeutic
value; significance of health gains

Preparedness to
pay more

Given that we are, as a society,
prepared to pay for this particular
treatment out of public resources,
are we prepared to pay more for
this treatment than for the best
alternative treatment?

Added therapeutic value;
potentially induced savings
elsewhere in the healthcare sector;
quality and uncertainty of the
evidence; acceptability of patients
cost-sharing; rarity of the disease

Willingness to
pay (price and
reimbursement
basis

How much more are we willing to
pay out of public resources for
this particular treatment?

Added therapeutic value; budget
impact/ability to pay; cost-
effectiveness ratio; medical,
therapeutic and societal need;
quality and uncertainty of the
evidence; limits to cost sharing

from the general public, because legitimacy in healthcare reimbursement
decision-making presumes that societal preferences are taken into account. Because
the public preferences for the reimbursement criteria were unknown, KCE
performed a large population survey in 2014 to derive these weights. The remainder
of this case report will discuss the methods and results of this survey and the
application of its results into MCDA.

8.2.3.3 Deriving Preferences for Healthcare Reimbursement Criteria
from the General Public

A random sample of 20,000 people, stratified by age and sex, was selected from the
National Registry of all residents. People were invited to either fill out the web
survey or request a paper version of the questionnaire.
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The survey consisted of nine discrete choice questions, one moral reasoning

exercise and a number of demographic questions. The part with the discrete choice
questions was structured in three blocks:

1.

Discrete choice questions for defining the relative importance of criteria for
assessing therapeutic need, i.e. the need for a better treatment in a particular
disease given the treatment already available, as determined by the quality of life
under current treatment, the impact of the disease on life expectancy despite
current treatment and the current treatment’s inconvenience

. Discrete choice questions for defining the relative importance of criteria for

assessing societal need, as determined by the prevalence of the disease and the
public expenditures per patient with that disease

. Discrete choice questions for defining the relative importance of criteria for assessing

added value of a new intervention relative to the best alternative intervention, as
determined by the impact of that new intervention on all previous criteria

The criteria included in each block have been determined through literature

review and expert workshops. With the objective of developing a generic MCDA in
mind, the criteria were phrased to be relevant for all health conditions, i.e. not
disease specific, hence allowing comparison across indications and potentially
leading to optimal resource allocation. The criteria included in each block are
presented in Table 8.5.

Responses of 4288 participants from the general public between 20 and 89 years

of age (21.4 % out of 20,000 people invited, 89.2 % of respondents) were used for

Table 8.5 Criteria included in the survey

Therapeutic need Added value of new treatment

Quality of life with current treatment Impact on quality of life

= 8 out of 10 = improves the quality of life of patients

= Soutof 10 = does not change the quality of life of patients

= 2 out of 10 = reduces the quality of life of patients
Life expectancy with current treatment Prevalence of disease

= no longer die from the disease = cures fewer patients

= die 5 years earlier than pecple without the disease = cures an equal number of patients

= die almost immediately from the disease, despile current care = cures more patients
Di of current Impact on discomfort of treatment

. i much di fram current . .

- ; little di from current = reduces the discomfort of treatment for the patient

= gives as much discomiort to the patient
= the of for the patient

Societal need

Impact on disease-related public expenditures per patient

Prevalence of disease = reduces (he disease-relaled public expenditures per patient

N N does not change the di lated public per patient
= s rare: less than 2000 people in Belgium have the disease - " N Ny !
«is nol 5o frequent: be 2000 and 10 000 = increases the disease-related public expenditures per patient

in Belgium have the disease
= is rather frequent: between 10 000 and 100 000 people Impact on life expeclancy

in Belgium have the disease = does not change the life expectancy of patients
= 5 very frequent: more than 100 000 people N i

in Belgium have the disease = increases the life expeclancy of patienls

Societal cost of disease per patient

= little public expendilures per patient
= much public expenditures per patient
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analysis. A multinomial logistic regression analysis was performed to analyse the
data and in order to obtain level-independent but criterion-specific weights; a
method based on log-likelihood differences between model specifications was
used.

Depending on the block, respondents were asked to choose between two
different patient groups (block on therapeutic need), two different diseases (block
on societal need) or two different health interventions for the same disease (block
on added value). With 24 different versions of the questionnaire, differing in the
description of the scenarios between which to choose, and three choice sets for
therapeutic need, 1 for societal need and 4 for added value, it was possible to obtain
weights for each criterion included in a specific block.

The weights were calculated using the following algorithm:

1. Estimation of a multinomial logit regression — also referred to in literature as
conditional logit — model for each block.

2. For each block, relative preference weights using the log-likelihood method
were calculated:

(a) Calculate the log-likelihood for the model.

(b) Calculate the log-likelihood for the model minus one of the criteria, which
represents the criterion of interest (=the reduced model).

(c) Test if the reduced model is statistically equal to the full model with the
likelihood ratio test. If the test rejects the equality hypothesis, consider the
relative importance of the removed attribute to be different from zero.

(d) Calculate the difference in log-likelihood between the full and each reduced
model as a measure of relative importance of the attribute, and convert to a
proportion.

This results in three sets of weights, one set for each block. The blocks are not
combined in the Belgian model. The assessment of “overall need”, encompassing
therapeutic and societal need, remains a matter of judgement. If a disease scores
high on both types of needs, it will represent as having higher needs than a disease
which scores only high on one of the two. No attempts are made, however, to weight
the societal needs (societal perspective) against the therapeutic needs (individual
perspective) in this model.

8.2.3.4 Belgian Weights for Reimbursement Criteria
Therapeutic Need

The implicit weights given to the criteria included in the therapeutic needs domain
are presented in Table 8.6. The general public gave the highest weight to the quality
of life under current treatment. Therapeutic need is considered to be the lowest in
people with a good quality of life given current treatment that do not die from their
disease and experience little discomfort from their current treatment.
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Table 8.6 Weights for Criterion Weight
criteria in the therapeutic Life expectancy 0.14 (3)
need domain Quality of life 0.43 (1)
Discomfort 0.43 (1)
Table 8.7 Weights for Criterion Weight
criteria determining the added Change in quality of life 0.37 (1)
value of new treatments Change in prevalence 0.36 (2)
Change in life expectancy 0.14 (3)
Impact on public expenditures 0.07 (4)
Impact on treatment discomfort 0.06 (5)

Societal Need

In the appraisal of societal need, people give more weight to the impact of a disease
on public expenditures (0.65) than to the prevalence of the disease (0.35). They
consider the need to be highest in very frequent diseases that cost a lot to society per
patient.

Added Value

During the appraisal of the added value of new interventions, the citizens gave the
highest weight to the intervention’s impact on quality of life, followed by its impact
on the prevalence of the disease and on life expectancy.

A general observation is that the value loss associated with something negative
(higher expenditures, higher treatment discomfort, less patients cured) is higher
than the value gain associated with something positive (lower expenditures, lower
treatment discomfort, more patients cured). For example, the negative effect on the
perceived added value of increasing public expenditures is higher (—0.43) than the
positive impact of decreasing public expenditures (+0.23). Table 8.7 presents
the weights for criteria determining the added value of new treatments.

Using the MCDA in Decision-Making

The framework described is not yet being applied in practice, but it is going to be
used from 2016 onwards in the context of early temporary reimbursement
decisions.

MCDA could be applied every time the reimbursement of a new treatment is
requested. This involves (1) scoring diseases and treatments on the selected criteria,
(2) weighting the scores and (3) summing the weighted scores. The clinical
significance of the impact of a disease or treatment on a criterion is reflected in the
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scoring, while the extent to which that clinical significant or insignificant effect
should matter for the decision is reflected in the weights.
The MCDA is applied as follows:

o Step I: Consideration of the condition targeted by the new treatment and the
current treatment for the condition.
The committee members consider the condition targeted by the new treatment
and score the criteria relating to therapeutic need and relating to societal need.
For the scoring, the committee members should have an assessment report
describing the existing scientific evidence regarding each criterion, as well as the
evidence gaps. The members could consult external experts, e.g. in case of
insufficient or inconclusive evidence.
o Step 2: Consideration of the added value of the new intervention
The committee members score the criteria for added value for the new
intervention for which reimbursement is being considered. The scores should
be based on the best available scientific evidence.
o Step 3: Weighting of scores for therapeutic need, societal need and added value
The scores are weighted with their respective public preference weights, as
derived from the survey. This is done by multiplying the score with the weight.
For each domain the weighted scores of the domain-specific criteria are summed.
This, results in three scores: one for therapeutic need, one for societal need
and one for added value of new treatment. Higher scores represent a higher level
of priority in terms of therapeutic need, societal need or added value of
treatment, depending on the domain considered. By repeating the MCDA for
different decisions, a priority ranking of diseases and treatments will eventually
be obtained.
o Step 4: Deliberation about the resulting scores for therapeutic need, societal
need and added value
The three total weighted scores allow the commission to consider in which
quadrant of Fig. 8.4 the intervention is located. The higher the need and the higher
the added value, the more likely it is that reimbursement can be considered. Whether
it will be reimbursed is still a matter of willingness to pay, and this is something to
be judged by the decision-makers. The process remains deliberative on this point.
However, the number of interventions about which deliberation regarding
willingness to pay is needed reduces (for interventions on the left of the Y-axis, no
further discussion is needed, unless criteria have been missed in the MCDA).
There might be criteria that are not included in the MCDA that also matter to
the decision. Deliberation should include discussions about whether there are
other criteria —not yet included in the MCDA — that are important and that would
justify a change in the priority ranking in terms of need or added value. For
example, it could be that policy-makers wish to give higher priority to prevention
than to cure. If that is the case, preventive interventions might be moved up in the
priority ranking. If additional criteria are considered important, they should be
made explicit, and the committees should explain how these additional criteria
modified the ranking of a disease or a treatment.
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Fig. 8.4 Preparedness to pay (more) for a new intervention

Unlike many other MCDA approaches, the Belgian approach does not combine
appraisal of need for a better treatment and added value of new treatments in one
single weighted score. Although this might be considered a weakness, it could also
be regarded as strength. The appraisal of need and added value requires a very
different viewpoint: the first one encompasses disease-related criteria and the
second technology-related criteria. It is hard to understand how such diverse criteria
can be weighed against each other.

8.3 Discussion

Motivations for this chapter coincided with those of Tanios et al. (2013) on
decision-makers’ perceptions of the relevance and need of a wider range of criteria
to assist decision-making and also Guindo et al. (2012) on the perceived importance
of considering both normative and feasibility criteria for fair allocation of resources
and optimised decision-making. Literature shows that country-specific HTA
organisations and processes for priority setting have emerged globally. This emphasises
the need of observing principles such as transparency, robust and appropriate methods
for combining costs and benefits, explicit characterisation of uncertainty and active
engagement with stakeholders (Drummond et al. 2008; Chalkidou et al. 2009;
Pinchon- Riviere et al. 2010); however, there is still little information regarding
what shall be considered as “good practice” whenever appraising the evidence to
reach a final coverage decision.
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All three case studies attempted to fulfil the methodological requirements of
MCDA: (1) completeness (all criteria defining the value of interventions are
considered), (2) not redundancy (no duplicates are allowed), (3) mutual
independency (a criterion’s score is independent from the score given to other criteria)
and (4) operationability (criteria are unambiguously defined, assessment data are
independently available and directionality of the scoring scale can be universally
understood). However, it was very challenging to run an efficient and explicit
process to ensure transparency and consistency of relevant factors and also fulfil the
methodological requirements of MCDA; thus, limitations were expected to occur.

The methodological challenges posed by the use of MCDA for HTA reported in
the literature were coincident with those of the case studies. For instance, in none of
these cases, there was explicit account when dealing with uncertainty about MCDA
estimates; perhaps, there is need to incorporate additional and more sophisticated
statistical methods for dealing with this issue in the near future whenever presenting
results to decision-makers. How to estimate opportunity costs remained as a
challenge whenever using MCDA to assist coverage decision-making, should
cost-effectiveness be kept as a single criterion to be contrasted against empirically
estimated ICERs? Or should it be removed from relevant criteria to avoid double
counting? In such cases inevitably some methodological trade-offs shall be made in
the future. For a more comprehensive discussion of methodological challenges of
MCDA, see Chapter 14.

It also emerged that when testing MCDA for cross comparison of interventions,
it may not be possible to generate a generic MCDA framework for HTA that fits all
needs of decision-makers, since it may be the case in which committee members
may prefer a certain set of criteria regarding groups of similar interventions to
assure more fair comparison among them. In the specific cases that looked at
EVIDEM criteria, some would argue that it does not comply with core principles
such as lack of overlapping or preferential independence while others may contend
that the importance of this framework is to make explicit account of what is relevant
to decision-makers and promote discussion. All these methodological considerations
should be borne in mind for the robust incorporation of MCDA into coverage
decision-making and for the agendas of future research. Limitations aside, all three
case studies were an attempt to assure that after robust HTA has been conducted,
transparent and systematic decision-making should be pursued.

Many lessons emerged, for instance, in Colombia and Lombardy on the need to
provide more explanation to committee members before piloting; implementation
needs some time for familiarising by decision-makers; this is similar to the findings
reported by Goetghebeur et al. (2012). Provision of complete information together
with homogeneity and coherence of reports could reduce uncertainty among
decision-makers and improve consistency across committees and interventions.
A final consensus was that a mixed approach including an MCDA evidence matrix
completed with a detailed BIA would be ideal for Colombia — this is in line with the
recommendations of the EVIDEM collaboration for the operationalisation of such
MCDA framework (www.evidem.org/docs/2015/EVIDEM-v3-0-Decision-criteria-
conceptual-background-definitions-and-instructions-June-2015b.pdf).
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Lombardy government strengthened its HTA programme taking into consideration
existing methods developed by EUnetHTA and the EVIDEM collaboration, implying
no need to “reinvent the wheel”. Lombardy also utilised web-based tools for quantitative
and qualitative stages of the process; this may provide an opportunity to scale up
deliberation to wider audiences within the same region or even within the country
without representing major costs in the short run. However, commitment of additional
resources, a revision of the procedures and a stricter link between HTA and other
management programmes (i.e. revision of pathways of care, risk assessment) should
be envisioned for the advancement of the forthcoming HTA policy act in this
jurisdiction.

In the case of Belgium, it was mainly the objective of transparency and
legitimacy of decision-making that triggered work on MCDA. It is only through
the use and consideration of the relevant questions with the relevant criteria and
their relative weights that the decision-making process can become more
legitimate. Decisions about what the budget allows should be in line with what
people consider important, both for individual patients as for the society as a
whole. The Belgian approach is deliberative once the relevant values have been
made explicit, but the deliberation process should be based on more consistent and
transparent appraisals of criteria. Therefore, the process in Belgium should not
stop at the point where it is at, and the scores calculated should be complemented
with a deliberation process to depict potential additional considerations that shall
be included. It was a common consideration that more research is still needed on
how to deal with missing or low-quality evidence and also whenever there is need
of deciding on early temporary coverage of products that have not yet obtained a
marketing authorisation.

There was wide context variation; Colombia, for example, just recently
incorporated HTA, and there is still need to upscale the use of MCDA during the
appraisal stage of the decision-making process; thus, the pilot presented in this
chapter is an illustration of the incipient efforts in this context. Belgium on the other
hand incorporated robust evidence assessment for decision-making more than a
decade ago, but it is the recent work of KCE which portraits the aims for a more
explicit and legitimate process. The framework described in this case study is not
yet in use, but it is expected to be implemented in 2016; hence although relevant,
this could also be considered as a work in progress initiative.

It is the case of Lombardy, the one that probably represents the use of holistic
MCDA in a more systematic and advanced stage at the moment, since it has been in
place for over 3 years now. The pioneering work of the Lombardy region presented
in this chapter is now being considered at the national level and for a broader focus
than drugs and procedures. Of worth noting that each case study adopted a very
different approach when attempting to merge MCDA and HTA for coverage
decision-making, thus making fair comparison among them more complicated.
Further comparative research on methods in the near future might be of value in
assisting to identify which approach is the most appropriate.
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8.4 Conclusions

All health systems face the challenge of managing finite resources to address
unlimited demand for services; hence it is hoped that the content of this chapter
could be of significant value to the field of public health and policy since
non-explicit priority-setting processes, poor information, lack of policy on HTA,
barriers to implementation, political agendas and limited resources are common
findings in many countries (Youngkong et al. 2009).

It seems from these case studies and the growing interest on MCDA that
structured and objective consideration of the factors that are both measurable and
value based in an open and transparent manner may be feasible through the use of
these frameworks. According to Miot et al. 2012, systematic and transparent
approaches to priority setting are needed to produce decisions that are sound and
acceptable to stakeholders. However, justifying advices towards the general public
by making transparent what and how criteria is taken into account in the
decision-making process is challenging but creates a societal ground for the
decisions made; this is crucial for the continuing support of democratic systems
with limited resources all around the globe.

The final results from the case studies may be applicable to wider contexts than
Colombia, Lombardy and Belgium. MCDA can increase transparency and make
value judgements explicit where before they remained implicit; this improves
legitimacy and allows more consistency of results. Further research on merging
MCDA and HTA to support better informed coverage decision-making, especially
on methods, consistency and replicability of MCDA results, may be of value for all
countries. Nonetheless, it is worth considering that values and decisions are expected
to be dependent on committees’ stability and composition, as well as contexts and
competing technologies of interest.
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Chapter 9

Embedding MCDA in Priority-Setting Policy
Processes: Experiences from Low-

and Middle-Income Countries

Noor Tromp, Evelinn Mikkelsen, Roderik Viergever, and Rob Baltussen

Abstract This chapter addresses three policy issues related to the application of
multi-criteria decision analysis (MCDA) for priority setting of health interventions in
low- and middle-income countries (LMICs), namely, stakeholder involvement,
institutionalization, and the impact of MCDA on policy decisions. Based on a literature
review, we evaluate 11 case studies in the light of these issues. We found that there is no
systematic approach for the involvement of stakeholders. Only four case studies
implemented MCDA in an institutional context, and three studies evaluated the impact
of MCDA on policy decisions. A detailed case study that explicitly integrated MCDA in
the policy-making process for HIV/AIDS control in Indonesia is presented, and enablers
and barriers of such an approach with regard to the three policy issues are outlined. The
final part of the chapter provides recommendations of the future application of MCDA
in policy processes. It provides methodological guidance on which stakeholders to
involved and why. Recommendations are given on the institutionalization of MCDA
and to improve the evaluation of the impact of MCDA on policy decisions.
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9.1 MCDA to Support Priority Setting in LMICs

Priority setting of health interventions is considered a complex undertaking in
Western countries but is even more complex in LMICs due to the limited evidence
base to inform decisions, the fragile institutional capacity, and the dominant influence
of policy makers’ opinions and international donor agencies (Kapiriri et al. 2007;
Glassman et al. 2012; Chalkidou et al. 2013; Oliver et al. 2014). Without guidance,
priority-setting processes tend to be ad hoc, historically based, and without inclusion
of all relevant stakeholders (Baltussen and Niessen 2006; Kenny and Joffres 2008;
Sabik and Lie 2008; Stafinski et al. 2011; Vuorenkoski et al. 2008; Youngkong et al.
2009). MCDA can be instrumental to improve the quality of decisions (by including
all relevant criteria and being evidence based), to increase transparency and
accountability of decisions, and to enhance the consistency of decisions both over
time and across interventions (Baltussen 2015). MCDA has been defined as “a set of
methods and approaches to aid decision-making, where decisions are based on more
than one criterion, which make explicit the impact on the decision of all the criteria
applied and the relative importance attached to them” (Marsh et al. 2014).

While priority setting of health interventions in LMICs by nature is explicitly
embedded in policy-making processes, this is not fully recognized in the development
of research methods. In MCDA, the emphasis is often on the technical aspects on the
conduct of studies, e.g., on the best methods to elicit weights or on how to aggregate
summary scores (Devlin and Sussex 2011). Relatively, little attention is paid to
policy-related issues, namely, on the involvement of stakeholders in the analysis, to
what extent MCDA exercise has been embedded in institutional policy-making
processes, and how it has impacted policies. Involving all relevant stakeholders is a
prerequisite to account for competing values at stake and to foster accountability and
acceptance of decisions (Daniels 2008). The integration of MCDA in institutional
processes is important to ensure that its results will actually be used (Daniels 2008). And
last, measuring the impact of MCDA on decisions is essential to conclude whether it has
actually contributed to policy changes (Sibbald et al. 2009; Kapiriri and Martin 2010).

This chapter is separated into three sections. First, it provides an overview of
MCDA case studies in LMICs in the light of these three policy issues. Second, a
case study from Indonesia will be presented that applies MCDA within a
policy-making process for the priority setting of interventions in HIV/AIDS control.
The barriers and enablers for such approach will also be discussed. Last, we will
provide recommendations for future perspectives of MCDA.

9.2 Overview of MCDA Case Studies in LMICs

This section provides an overview of MCDA case studies in LMICs based on a
literature review of Marsh et al. and an additional literature search in Pubmed. We
will first describe the general characteristics of these case studies and subsequently
review them against the three policy issues outlined above.
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9.2.1 General Characteristics

Table 9.1 shows an overview of 11 peer-reviewed. Ten studies were articles included
from a systematic review of Marsh et al. (2014). The review included all studies
up till August 2013 and excluded studies that did not evaluate health-care
interventions, such as MCDA, to assess the level of health needed in a locality. From
the review, we only included studies conducted in LMICs as defined by the World
Bank (2015). An additional nonsystematic search in PubMed (on 22 May 2015 with
use of the search term “MCDA” and same inclusion criteria as Marsh et al. (2014))
resulted in one additional reference (Ghandour et al. 2015).

Most of the case studies (9 out of 11) were conducted at national level
(Ghandour et al. 2015; Baltussen et al. 2006, 2007; Jehu-Appiah et al. 2008;
Diaby and Lachaine 2011; Miot et al. 2012; Youngkong et al. 2012a, b; Holdsworth
et al. 2013), while two report on an application in a hospital setting (Nobre et al.
1999; Erjaee et al. 2012). The national studies were conducted within the context
of HIV/AIDS control (Youngkong et al. 2012a), noncommunicable diseases
(cardiovascular disease (Ghandour et al. 2015), cervical cancer (Miot et al. 2012),
and Obesity (Holdsworth et al. 2013)) and five compared interventions across
disease areas (Baltussen et al. 2006, 2007; Jehu-Appiah et al. 2008; Diaby and
Lachaine 2011; Youngkong et al. 2012b). The majority of these national level
studies compared multiple interventions that led to a ranking, while one study
evaluated whether a particular intervention (liquid-based cytology (LBC) as a
cervical cancer screening tool) should enter a private health plan in South Africa
(Miot et al. 2012). Two out of the 11 studies applied MCDA in multiple
countries, one in Morocco and Tunisia (Holdsworth et al. 2013) and the other in
Palestine, Syria, Tunisia, and Turkey (Ghandour et al. 2015). Out of the 11
studies three took place in Asia (in Thailand and Nepal) (Baltussen et al. 2007;
Youngkong et al. 2012a, b), six in Africa (in Ghana, Cote d’Ivoire, South Africa,
Morocco, and Tunisia) (Ghandour et al. 2015; Baltussen et al. 2006; Jehu-Appiah
et al. 2008; Diaby and Lachaine 2011; Miot et al. 2012; Holdsworth et al. 2013),
one in South America (Nobre et al. 1999), and two conducted research in the
Middle East (Ghandour et al. 2015; Erjaee et al. 2012). Among the studies in a
hospital setting, one reported on patient treatment options for Helicobacter
infection among children in Iran (Erjaee et al. 2012), while the other on priority
setting of health technologies for purchasement in a university hospital in Brazil
(Nobre et al. 1999).

9.2.2 Findings on Policy-Related Issues

We have reviewed the 11 case studies in the light of three policy issues, and the
detailed findings are presented in Table 9.1. Based on this review, we can make
several observations.
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With regard to stakeholder involvement, Table 9.1 shows that there is no systematic
approach to the involvement of stakeholders as this differs across the studies and for
the different steps of MCDA. Studies differed in the type of stakeholders that they
included. On the one hand, in some studies, only medical doctors were involved as
stakeholder, for example, in the case of purchasing of new technologies in a hospital
(Nobre et al. 1999). On the other hand, for the selection of interventions for the Thai
benefit package, multiple stakeholders in various consultation panels were included
in different MCDA steps (Youngkong et al. 2012b). Most studies included policy
makers (Baltussen et al. 2006, 2007; Jehu-Appiah et al. 2008; Youngkong et al.
2012a, b; Holdsworth et al. 2013) and the South African study on the inclusion of
LBC cervical cancer screening tool in a private health plan also included the funder
(Miot et al. 2012). Over time, we see a trend to increase the multidisciplinary of
stakeholders involved. While in 2006 in Ghana, only policy makers were involved
(Baltussen et al. 2006); in the studies from 2011, various parties were represented
ranging from health professionals, civil society, industry, and lay people (Ghandour
et al. 2015; Diaby and Lachaine 2011; Miot et al. 2012; Youngkong et al. 2012a, b;
Holdsworth et al. 2013).

In many studies the authors were also involved in various steps of MCDA
(Ghandour et al. 2015; Baltussen et al. 2006, 2007; Jehu-Appiah et al. 2008;
Diaby and Lachaine 2011; Youngkong et al. 2012b). A clear rational for the
involvement of particular stakeholders was often absent; however some studies
state that this was based on their previous involvement in the implementation of
the interventions under evaluation (Baltussen et al. 2006, 2007; Jehu-Appiah
et al. 2008), their expertise in the field (e.g., in HIV/AIDS control (Youngkong
et al. 2012a) or on the acquisition of hospital equipment (Nobre et al. 1999)), or
their representation of the general public in the case of policy makers (Baltussen
et al. 2006). Studies also differed in how they included different stakeholders. In
some cases authors evaluated the performance of interventions (Youngkong et al.
2012a, b), while in others studies, this was done by academics that were not the
authors (Youngkong et al. 2012b), policy makers (Jehu-Appiah et al. 2008), or a
wider group of stakeholders (Ghandour et al. 2015; Miot et al. 2012; Holdsworth
et al. 2013). In some studies multi-stakeholder panels and teams of focus groups
were used in sometimes multiple steps of MCDA (Diaby and Lachaine 2011;
Miot et al. 2012; Youngkong et al. 2012b; Holdsworth et al. 2013). For example,
in South Africa the “clinical policy and decision-making committee” of the
private health insurance plan was used and consisted of experts including doctors
(specialist and general practitioners), pharmacists, and nurses (Miot et al. 2012).
The committee was consulted for the weighting of criteria and scoring of the
options and provided feedback on the decision-making process. In the case study
on the Thai benefit package, even a project team, research team, two consultation
panels, and a working group, all with multiple stakeholders, were involved in
different steps of MCDA (Youngkong et al. 2012b).

We define institutionalization as an application of MCDA that is integrated in a
real-world decision-making process within an institution; Table 9.1 shows that 4
(Jehu-Appiah et al. 2008; Diaby and Lachaine 2011; Miot et al. 2012; Youngkong



158 N. Tromp et al.

et al. 2012b) out of the 11 case studies applied MCDA in an institutional setting.
The study in Ghana was integrated in the development of the third Five Year (2007—
2011) Program of Work of the Ministry of Health (Baltussen et al. 2007). The other
three studies were embedded in health insurance and reimbursement decisions
(Diaby and Lachaine 2011; Miot et al. 2012; Youngkong et al. 2012b). The study by
Diaby et al. explored how MCDA could be used in Cote d’Ivoire to determine which
drugs should be reimbursed under the General Mutual Benefit Fund for Cival
Servant and State Employees (Diaby and Lachaine 2011). In Thailand, the case
study was initiated by the National Health Security Office, the institute managing
the Universal Coverage Scheme (Youngkong et al. 2012b). In South Africa the
study was conducted for a major private health plan and closely worked together
with the clinical policy and decision-making committee (Miot et al. 2012). These
four studies seem to differ in their extent of embedding. In case of the Thai benefit
package, the National Health Security Office initiated the research because they
needed support in managing the Universal Coverage Scheme (Youngkong et al.
2012b). In Ghana, the MCDA research was strongly integrated in the development
of the Five Year Program of Work (Jehu-Appiah et al. 2008). The case studies in
Cote D’Ivoire (Diaby and Lachaine 2011) and South Africa (Miot et al. 2012) were
to a lower extent embedded as the studies aimed to inform the institutions and were
not part of an ongoing decision-making process within the institution.

The other seven studies reported to be either explorative studies to see whether
multiple criteria could be taken into account in priority setting of health interventions
(Baltussen et al. 2006, 2007) or remained research projects not embedded in
institutions but aimed to advise decision makers (Ghandour et al. 2015; Holdsworth
et al. 2013) or studied methodological issues of MCDA (Youngkong et al. 2012a;
Nobre et al. 1999; Erjaee et al. 2012).

With regard to the third policy issue, impact on policies, Table 9.1 shows that
among the 11 studies, three reported that MCDA had informed decisions
(Jehu-Appiah et al. 2008; Miot et al. 2012; Youngkong et al. 2012b). In the case of
Ghana, anecdotal evidence shows that policy makers used the study findings for the
development of the third Five Year Plan of Work (Jehu-Appiah et al. 2008). This
also involved ranking of interventions and considering multiple criteria (e.g., ethical
and budgetary concerns) to determine priorities. In South Africa, the Evidence and
Value: Impact on Decisions Making (EVIDEM) was field tested for
decision-making on the funding of a screening test LBC for cervical cancer by a
private health plan. The results of process led to the consideration by the health plan
to fund for LBC up to the value of the conventional Pap smear test (Miot et al.
2012). A negotiation process was started with the pathology laboratories to review
their tariffs for this diagnostic. The fee for LBC was reduced to an amount, which
was considered appropriate for full funding. In Thailand, the research team
presented the results of the assessment of nine interventions to the SCBP (National
Health Security Office subcommittee for development of benefit package and
service delivery) for appraisal (Youngkong et al. 2012b). The SCBP agreed to
recommend three interventions for further consideration to be adopted under the
Universal Coverage Scheme.
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In three studies (Ghandour et al. 2015; Diaby and Lachaine 2011; Nobre et al.
1999), the impact on policy decisions was not reported by the authors; however it
seems unlikely that they impacted policies due to the methodological focus of the
research project. The other five studies reported that there was no impact on policy
decisions, as they were exploratory and methodological MCDA studies (Baltussen
et al. 2006, 2007; Youngkong et al. 2012a; Holdsworth et al. 2013; Erjaee et al.
2012). One of these witnessed that the disease area that MCDA was applied in
(obesity) was not a priority for government in Morocco and concluded that this
should be overcome before MCDA priority setting in this field.

Evaluation of an application of MCDA is instrumental to judge its impact on
policy-making decisions. However, the majority of case studies have not
rigorously done this, and often the authors conclude on the basis of their opinion
that MCDA had improved the transparency and consistency of decisions. Only
Miot et al. (Miot et al. 2012) in South Africa conducted a survey among the clinical
and decision-making committee to evaluate the usefulness of the EVIDEM
framework. The committee members favored the use of the EVIDEM process and
were positive about its use. In addition, it was found to improve the understanding
of the intervention, access to quality assessment of evidence, consideration of key
elements of decision, transparency of decision, and understandability of decision
by stakeholders.

In summary, we see that there is no systematic approach for inclusion of
stakeholders in MCDA, not all case studies were embedded in an institution, and the
majority of studies did not evaluate the impact on policy decisions. We analyzed a
potential interaction in the case studies between the results on the three policy issues
and the methods used in every MCDA step. On the basis of the overview of case
studies, we could not identify any pattern, for example, in the methods used for
criteria weighting and institutional embedding (policy issue 2).

9.3 The Application of MCDA in a Policy-Making Process:
HIV/AIDS Strategic Planning at Provincial Level
in Indonesia

This section reports on a case study of MCDA used within an explicit policy-making
context, namely, the strategic planning process for HIV/AIDS control in West Java
province, Indonesia. The implementation steps, the results, and the barriers and
enablers for implementation will be described.

The MCDA approach applied here consists of five steps and these are presented
in Fig. 9.1. The approach has a strong focus on the policy-making process as it
integrates principles of the accountability for reasonableness framework (AFR)
(Baltussen et al. 2013). The AFR framework has been applied in various Western
countries and LMICs to guide priority-setting processes (Zulu et al. 2014; Byskov
et al. 2014a) and is regarded as a highly relevant framework to incorporate ethics
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1. Formation of
consultation panel

5. Selection of funding
and implementation
institutions for priorities

2. Definition of relevant
set of criteria

4. Arrangement of 3. Assessment of
deliberative process on performance of
priorities interventions options

Fig. 9.1 The five steps of the integrated MCDA-AFR approach for priority setting of health inter-
ventions based on Baltussen et al. (2013)

in priority setting. The AFR framework outlines four conditions for fair priority-setting
processes: relevance, transparency, appeal, and enforcement (Daniels 2008). This
comprises involvement of all relevant stakeholders in the process and definition of
the reasons for setting priorities (relevance), assurance of transparency of process
and reasons for priority setting (transparency), ability for stakeholders to appeal
to decisions (appeal), and inclusion of the first three conditions in institutional
guidelines to assure that these can be enforced (enforcement).

9.3.1 Implementation of MCDA During the Strategic Planning
Process for HIV/AIDS Control in Indonesia

Indonesia has one of Asia’s fastest-growing HIV/AIDS epidemics with 610,000
people that were living with HIV/AIDS (PLWHA) in 2013 (AIDSdatahub
2014). The country is challenged by a funding gap of US$ 83 million for HIV/
AIDS control, as only US$ 69 million was spent, while an estimated US$ 152
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million was needed in 2012 (Indonesian National AIDS Commission 2009,
2012).

In Indonesia, West Java (46 million inhabitants) is among the provinces with
the highest HIV prevalence, with an estimated 59,000 PLWHA in 2013 (West
Java AIDS Commission 2013). The epidemic is concentrated in high-risk groups,
with an estimated HIV prevalence rates of 23.2% among people who inject
drugs (PWID), 6.3 % among female sex workers (FSW), and 8.4 % among men
having sex with men (MSM) in 2013 (Indonesian integrated biological and
behavior survey 2013). The West Java provincial AIDS commission is responsible
for coordination of HIV/AIDS activities and has a multi-sectorial design. Its
members consist of representatives of different government sectors (like health,
education, tourisms, and religious affairs), community-based organizations, and
health-care facilities. The previous strategic planning process in 2008 (to develop
the plan for 2009-2013) for West Java was evaluated based on qualitative
interviews with involved stakeholders (Tromp et al. 2014b). The process
appeared to be not systematic and not transparent. Stakeholders were not
systematically involved and had limited options for appeal. Criteria were also
not explicitly used for prioritizing interventions, and the use of data on the
performance of interventions was limited. This resulted in a strategic document
with a long list of interventions.

Here, we describe the implementation and evaluation of MCDA in a
policy-making process to support the selection of interventions for the 5-year
(2014-2018) HIV/AIDS strategic plan for West Java province in Indonesia. The
strategic plan functions as a leading document for the allocation of domestic
funding in the province. On the basis of this plan, the different government
offices involved in HIV/AIDS control select the top priority interventions and
search for funding either by making proposals for the local government budget
or by searching for other sources as private or international donors. The total
budget spent on HIV/AIDS control in West Java province is small (about US$ 1.7
million in 2010 [NASA 2009-2010]), and the strategic plan aims to increase this
amount. This is especially important as the contribution of international funding
for HIV/AIDS control is decreasing.

A project team (n=6) coordinated in 2013 the implementation of the MCDA
and was formed by the West Java AIDS commission, Padjadjaran University in
Bandung and Radboud university medical center in the Netherlands. The
application of MCDA consisted of five steps (Baltussen et al. 2013). These are
the formation of a multiple stakeholder consultation panel (step 1), the definition
of the priority-setting criteria including weights to reflect their importance (step
2), alisting of HIV/AIDS intervention options by the consultation panel including
the collection of data to assess their performance (summarized in a performance
matrix that presents an overview of the performance scores of all intervention
options on all criteria) (step 3), a deliberative process by the consultation panel
on the performance matrix to reach consensus on the rank order of interventions
(step 4), and implementation and funding institutions of high-priority
interventions (step 5).
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In step 1, the project team conducted a stakeholder analysis to determine
which stakeholders are relevant in the context of HIV/AIDS control in West
Java. On the basis of the stakeholder analysis, a consultation panel (n=23) was
formed and consisted of government staff (n=6) from the health office, labor
office, education office, and the coordinating body for family planning, staff
from community organizations working on family planning and representing
PLWHA and high at-risk groups (n=4), program managers from the West Java
AIDS commission (n=7), and researchers with backgrounds in economics and
epidemiology working on HIV/AIDS at Padjadjaran University (n=06).

In step 2, the consultation panel discussed criteria for priority setting of
interventions in the strategic plan. Inputs for the discussion were the results of a
local survey on the importance of criteria for priority setting (Tromp et al. 2014a),
the WHO SUFA guidelines (World Health Organization 2012), and implicit
criteria used during the development of the National and West Java strategic
plans in 2008 and 2009, respectively (West Java AIDS Commission 2009;
Indonesian National AIDS Commission 2009). Each consultation panel member
received a paper to write down their top five criteria. The results were gathered
by the project team and presented plenary to the consultation panel. In the end,
the consultation panel agreed after a discussion to select the following four
criteria for priority setting: “impact on the epidemic,” “stigma reduction,”
“cost-effectiveness,” and “universal coverage.” The average criteria weights
assigned by the consultation panel members on a scale from 0 to 100 were 34 for
impact on the epidemic, 25 for stigma reduction, 18 for cost-effectiveness, and
23 for universal coverage.

In step 3, a larger group of seventy stakeholders proposed a set of 50
interventions (including new ideas) for the strategic plan. These stakeholders
were not involved in the weighting of criteria. Scores for the performance of
interventions on all criteria were assigned by the researchers within the project
team, with 2 indicating high, 1 moderate, and 0 low performance. The scores
were based on literature studies, projections of the Asian Epidemic Model for
West Java, and expert opinion. To inform the consultation panel, the quality of
evidence was indicated using a star system. Expert opinion for new ideas for
interventions was indicated as lowest quality (one star), expert opinion for
existing interventions as mediate quality (two stars), and the Asian Epidemic
Model projections and scientific literature data as high quality (three stars). A
total performance score was calculated per intervention by the sum of the
weights times the scores per criterion. This was presented in a performance
matrix that ranks the interventions based on the total score. The performance
matrix shows that the HIV testing and treatment package has the highest
performance score and is therefore the most attractive intervention to scale up
in West Java, followed by school-based education, information and education
during Muslim Friday prayers, websites and social media interventions,
and the citizen AIDS program. Harm reduction for PWID and mitigation
interventions had the lowest performance scores and were therefore considered
less attractive to scale up as they performed least on the four criteria used for
priority setting.
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In step 4, during a deliberative process, the consultation panel reflected on the
performance matrix. First, an interactive session was organized in which the
stakeholders individually commented on the performance of each intervention
presented on a poster. Only a few changes were made in the scores and this did not
affect the overall rank order of interventions. Second, the consultation panel
commented that due to ethical considerations, it was undesirable to not provide
mitigation interventions (activities to reduce the economic and psychological
burden of those living with HIV/AIDS) in West Java province and proposed to split
up the performance matrix in three categories: prevention, treatment, and mitigation.
In this way the strategic plan contained three separate performance matrices. The
consultation panel decided that for the prevention and mitigation categories, the top
five interventions should be prioritized. The treatment category consisted of only
two interventions (antiretroviral treatment and opportunistic infection treatment),
and the consultation panel agreed that both should be implemented.

In step 5, the implementation of prioritized interventions was discussed, and
an evaluation of the use of MCDA within the strategic planning process was
conducted. For the implementation, the consultation panel listed which
stakeholders should fund and implement the prioritized interventions. The steps
and results of the priority-setting process were included in West Java’s 5-year
(2014-2018) strategic document for HIV/AIDS control, which was approved by
the governor early 2014.

For the evaluation of the process, an independent researcher conducted
in-depth interviews with the consultation panel members (n=21). The results
show that the members were overall positive about the process. All stated that
they had learned from the process, especially regarding the new way of setting
priorities, and most were satisfied by the way community organizations were
better involved. They also stated that the new approach improved decision-making
quality, especially regarding the use of criteria and evidence for decisions.
Moreover they expressed it, increased the transparency of the process, and
reduced the possibilities for corruption; however they doubted the impact in
terms of increased funding for HIV/AIDS control. Aspects mentioned for
improvement were a shorter time frame for the meetings and more education on
the HIV/AIDS epidemic, HIV/AIDS interventions, and the MCDA and AFR
principles. While the project team observed dominance of participants in the
discussions, the interview respondents declared that they were fully able to give
their opinion in the process.

In conclusion, Table 9.2 summarizes the analysis of these case studies against the
three policy issues of this chapter. The consultation panel was systematically
involved in all steps of MCDA. The application of MCDA was institutionalized
within a policy-making context: it was integrated in the strategic development
process organized by the AIDS commission of West Java. With regard to impact, the
HIV/AIDS policy decisions were published in the 5-year strategic plan for HIV/
AIDS control in West Java province that we based on the MCDA application.
Whether it had an impact on the funding and implementation of decisions is
uncertain due to the indirect funding systems for HIV/AIDS interventions and time
delay to the allocation of funding, and this is not yet studied.
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9.3.2 Barriers and Enablers for the Application of MCDA
in a Policy-Making Context

Box 9.1 reports the barriers and enablers of the application of MCDA in Indonesia
in the light of the three policy issues. An important barrier to the equal involvement
of stakeholders was the dominance in discussions of certain stakeholders from the
constitution panel, while enablers were the multi-sectorial design of the AIDS
commission and the familiarity with multi-stakeholder meetings. A barrier to the
institutionalization of the approach was the acceptance and understanding of
the staff of the West Java AIDS commission of the principles of MCDA. While the
existing collaboration between the AIDS commission and the local university that
wanted to implement MCDA was an enabler to institutionalize the approach.
With regard to the third policy issue, the inclusion of the writing of the strategic
development plan within the MCDA approach enabled to inclusion of the results
in the strategic document. The indirect and fragmented funding system among
multiple stakeholders for HIV/AIDS control was a barrier for impact of MCDA on
changes in funding allocation.

Box 9.1 Barriers and Enablers for the Implementation of MCDA to
Support the Selection of Interventions for the HIV/AIDS Strategy as
Related to the Policy Issues Addressed in This Chapter

Policy issue Enablers
Stakeholder Familiarity of the provincial AIDS commission with
involvement multi-stakeholder processes

Existing collaboration between the local university researchers
(coordinating the MCDA implementation) and stakeholders within
the consultation panel (e.g., NGOs representing risk groups)
Local researchers with expertise in HIV/AIDS, epidemiology and
health economics that could be included in the consultation panel
Embedded in Strong leadership by the provincial AIDS commission (“the
institution institution”) for the implementation of MCDA
Existing collaboration between local university researchers
(coordinating the MCDA implementation) and the provincial AIDS
commission
Impact on policy | The writing of the draft policy was part of the final step of MCDA
decisions The participation of the provincial planning board, responsible for
the allocation of funding toward individual government institutions,
in the fifth step of MCDA (Fig. 9.1) in which government
institutions decide who proposes for funding from the planning
board for the prioritized HIV/AIDS interventions
Others None
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Policy issue
Stakeholder
involvement

Embedded in
institution

Impact on policy
decisions

Others
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Barriers

Dominance in discussions among stakeholders within the
consultation panel

Some relevant stakeholders (general public and religious leaders)
were not included in the consultation panel

Involvement of international donors was challenging as their
decisions for the design and funding of interventions in the West
Java province are made at foreign national government level (e.g.,
AusAID funding program)

Identification and explanation of ethical reasons in deliberative
process was difficult for consultation panel member and facilitator
by the research team that led the discussion

Limited understanding of principles of good governance, priority
setting, cost-effectiveness, and HIV/AIDS control among majority
of stakeholders in consultation panel

Low attendance rates and replacement of stakeholders in meetings
of the consultation panel

The role of the provincial government in HIV/AIDS control is poorly
defined. Some say it should provide technical assistance for districts;
others say it should provide general visions for which programs to
implement across districts. Therefore, it is difficult to define

The right institutional setting for implementation of MCDA

The understanding of MCDA principles by the strategic planning
coordinator at the institution was poor

There is no earmarked budget for HIV/AIDS control activities in
Indonesia. The strategic document functions as guidance for
provincial government institutions to propose for funding from the
provincial government budget through the local planning board. It is
therefore unsure whether prioritized interventions will receive
funding

The budget is also fragmented in Indonesia among government
institutions from different levels, the private sector (CSR) and
international donors (e.g., Global Fund)

It is questionable whether the interventions prioritized in the
performance matrix are relevant for the districts, as the local
situation might be different and stakeholders may value other
criteria as important

Limited data available on the performance of interventions,
especially for the new interventions suggested by stakeholders
The mathematical model could not evaluate all intervention options,
and an improved version was not finalized in time for the
development of the final strategy

Similar findings have been reported by other scholars that implemented
methods to improve priority setting (Youngkong et al. 2012b; Zulu et al. 2014;
Hipgrave et al. 2014; Maluka 2011; Byskov et al. 2014b). With regard to
stakeholder involvement, discontinuity of personnel and no perceived authority
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by those coordinating the process were reported as barriers. Trust among
stakeholders is reported as an important enabler for equal involvement of
stakeholders. For institutionalization, leadership and culture for openness are
reported as key enablers.

Possible barriers and enablers should be identified before MCDA is implemented
in a particular setting. And measures should be identified to overcome them.

9.4 Recommendations for Future Applications of MCDA

Based on the findings on the three policy issues and the reported barriers and enablers
of the case study in Indonesia, we conclude this chapter with recommendations for
the future applications of MCDA to support priority setting in LMICs.

9.4.1 Methodological Guidance on Which Stakeholders
to Involve and Why

First we observe that improved methodological guidance is needed on the involvement
of stakeholders in MCDA. For example, which stakeholders should be involved in
which step of MCDA, how can the view of the public be included, how can ethical
values be elicited, how can dominance be resolved in discussions, and how can
heterogeneous preferences of stakeholders be aggregated. Various methods do
already exist for the points addressed here. Nominal group techniques can be used
to resolve dominance in discussions, and interactive evaluation may be used to elicit
ethical considerations (Mitchell et al. 1997). In this section we provide further
guidance on which stakeholder types to include and the underlying reasons why they
should be included.

We distinguish the following reasons for why stakeholders could be included.
First, stakeholders may be included in the priority-setting process because of their
authority. These can be high-level politicians, academics, and policy makers.
Second, stakeholders may be included to ensure fairness of the priority-setting process
(Daniels 2008). According to the AFR framework, the priority-setting process
should be transparent, and all stakeholders should have opportunity to appeal to
decisions. Third, stakeholders may be included to achieve a comprehensive picture
of all intervention options for priority setting and thereby also increase the acceptability
of the outcomes of a priority-setting process. A broad group of stakeholders will
improve the inclusiveness of the options. For example, we saw in the case of
Indonesia that researchers gave input to the process to account for international
debates on different strategies for antiretroviral treatment scale-up, while civil
societies gave suggestions for interventions that would work in the specific context.
The acceptability of decisions may also increase when the opinion of broad group
of stakeholders is taken into account. Fourth, the inclusion of certain stakeholder



168 N. Tromp et al.

types may improve the likelihood of implementation of priorities. For example, the
inclusion of funders and policy makers may achieve this as they are deciding on
funding and implementation of interventions. The media can be involved to inform
citizens on the priority-setting process and outcomes, and this may hold institutions
more accountable for actual implementation of the priorities. Fifth, stakeholder
could be included to improve consensus and to align the views on priorities. For
example, international donors may be included to align their programs with the
preferences of local stakeholders. This is in line with the Paris Declaration that
donors should align their efforts with countries’ needs for development. Also views
can be aligned between policy makers, researchers, and those working in the field of
priority setting. In this way scientific knowledge and experiences from the field can
inform policies.

To determine which types of stakeholders are relevant, a stakeholder analysis
may be used (Dionne et al. 2015). This should leave room for those coordinating the
implementation of MCDA to decide which stakeholders are most relevant in a
particular context. We distinguish various types of stakeholders that can be included
in priority-setting processes and propose that they vary on four axes (see Table 9.3).
The first axis is the sector or discipline that the stakeholders belong to: patients, the
general public, civil society, funders, the private sector, insurers, or the media. The

Table 9.3 Overview of type of stakeholders that may be included in a priority setting exercise

Axes Description

1. Sector/discipline Potential actors/stakeholders/participants
(a) Patients
(b) General public
(c) Policy makers
(d) Researchers
(e) Practitioners, including various disciplines, e.g.:
(1) Psychologists
(ii) Medical doctors
(iii) Nurses
(iv) Social workers
(v) Pharmacologists
(vi) Rural health workers
(vii) Hospital managers
(f) Civil society
(g) Private sector
(h) Funders
(i) Insurers

(j) Media

2. Topical area of Actors with expertise in various areas: disease areas (such as HIV,
expertise cancer, maternal health), health system areas, and health-related

areas (such as sociology and anthropology)
3. Specificity or Detailed van expertise: broad “helicopter view” experts vs. technical
broadness of expertise experts
4. Demographic Geographical expertise: actors with local vs. national vs. regional vs.
expertise global expertise

Balanced gender representation
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second axis consists of the area of expertise. Stakeholders might be included with
expertise in various health areas, interventions, health system areas, or health-related
areas (such as sociology or anthropology). The third axis is the specificity or
broadness of a person’s expertise. In some steps of the priority setting exercises,
technical experts with narrow expertise on a specific subject may be included (e.g.,
in defining the intervention options), while in other steps, those with a “helicopter
view” of the field may be more appropriate (e.g., in comparing the various intervention
options across a set of criteria). The latter are often in higher-level positions, such as
deans of universities, directors of organizations, and higher-level policy makers.
The fourth axis represents the demographic characteristics of participants, for
example, the gender or geographical origin of participants. Some stakeholders may
be experts with regard to specific geographical areas, such as localities, countries, or
regions.

9.4.2 Institutionalization of MCDA Including Capacity
Building for HTA Research

To further improve the impact of MCDA on policy decisions, we also recommend
to institutionalize and formalize its application. We define institutionalization as an
application of MCDA that is integrated in a real-world decision-making process
within an institution. The case study in Indonesia meets this definition as MCDA
was implemented at the West Java AIDS commission, within their strategic planning
process for HIV/AIDS control. Thereby, the results of the MCDA application
directly determined the prioritization of interventions for the strategic plan.
Institutionalization is also addressed by the enforcement condition of the AFR
framework, which outlines that the conditions of good decision-making processes
(in this case the principles of MCDA) should be formalized. This then enforces not
only the use of MCDA principles in policy-making processes but also the outcomes
of the MCDA into real-world policy decisions.

MCDA can be institutionalized at different locations in the health system, for
example, at national level HTA institutes within their decision-making process on
the reimbursement of new drugs (Miot et al. 2012; Dionne et al. 2015) or at
decentralized level like the provincial AIDS commission in West Java in Indonesia
within their strategic planning process. MCDA can also be implemented at the level
of hospitals, within their decision-making process on the implementation of new
technologies or within the decision-making process of doctors and patients on treatment
options. The different levels of institutionalization depend on the organization of
the health system. A country may have specific institutes with disease-specific
policy-making processes, for example, for HIV/AIDS [(Jehu-Appiah et al. 2008),
this Chapter], obesity (Holdsworth et al. 2013), or cardiovascular disease control
(Ghandour et al. 2015). These decision-making processes may sometimes be
limited to the development of policies only and are not always directly linked to
funding allocation for interventions. This is illustrated by the case study on Indonesia
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in this chapter, where funding for HIV/AIDS control is fragmented among
government institutions, private sector (corporate social responsibility budgets), and
international donors.

In relation to this, we have learned from the Indonesian case study that capacity
for health technology assessment (HTA) is necessary within these institutions or
among those that coordinate the implementation of MCDA. Knowledge is needed
on how to identify and select stakeholders for the consultation panel, how to use
criteria for priority setting, how to collect and critically appraise evidence for
different intervention options, and how to facilitate deliberative discussions. A key
consideration is also to select methods as part of the application of MCDA that are
appropriate to the cultural setting. While in some settings voting is an option to
reach consensus, in some areas this is less appropriate (Tromp et al. 2014a). Again,
a situational analysis on the context of the priority setting exercise is instrumental,
and we recommend adding this as an initial and additional step in the integrated
MCDA/AFR approach.

Various LMICs have established HTA agencies to different extents (Baltussen
2015). A study by Hernandez-Villafuerte et al. (2015) investigated the
priority-setting readiness of 17 LMICs using a set of qualitative and quantitative
indicator. Some countries have clearly established and centralized HTA institutions
at different levels of maturity, in others HTA is applied in an unstructured or
informal basis. It is unknown to which extent these HTA institutions already use the
principles of MCDA in terms of using multiple criteria and involvement of multiple
stakeholders in the priority-setting process. It would be recommended that the
implementation of MCDA is institutionalized within these HTA agencies. Some
LMICs are still setting priorities without any contribution of HTA.

9.4.3 Evaluation of the Impact of MCDA Approaches

In this chapter, we observed that most of MCDA research studies in LMICs did no
impact on policy decisions. Related to this most of the studies did not evaluate
the impact of MCDA. This seems also to apply to high-income countries. The
aforementioned review by Marsh et al. could only identify two studies in
high-income countries that assessed the impact of MCDA methods (Marsh et al.
2014). We therefore call for more impact assessment and guidance on how to do
this. There are two frameworks published in the literature that provide guidance on
how to evaluate priority-setting methods. The framework by Sibbald distinguished
a set of process and outcome indicators (e.g., stakeholder satisfaction of the
process’ “decision-making quality” and “influence on resource allocation”) and was
validated for high-income settings (Sibbald et al. 2009). The framework by Kapiriri
was developed particularly for LMICs and seems more comprehensive (Kapiriri
and Martin 2010). It contains a broader set of indicators (including short- and
long-term outcomes) and proposes indicators for the operationalization of the
dimensions of good priority setting (Kapiriri and Martin 2010). However, it has not
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yet been tested in the field. The A4R framework is also often used to evaluate
priority-setting processes and however is less explicit in indicators to determine
success (Tromp et al. 2014b; Maluka et al. 2010). In addition, it is highly important
to be able to understand the barriers and enablers of success for the application of
MCDA. The application of the realist evaluation framework published by Pouwels
and Tilly might be useful in this respect (Pawson and Tilly 2007). This framework
assesses the context, mechanism, and outcome factors for the performance of
MCDA in terms of improving priority-setting processes in health.

9.5 Conclusion

We have reviewed 11 case studies that applied MCDA in LMICs with a special focus
on three policy-related issues. This revealed that there is no systematic approach to
involve stakeholders in MCDA, that most of the applications of MCDA were not
institutionalized, and that they had limited or unknown impact on policy decisions.
To further improve the application of MCDA in LMICs, we recommend
developing methodological guidance on how to involve stakeholders in
MCDA. Furthermore, the application of MCDA should be institutionalized, and
capacity for HTA research should be strengthened in LMICs. Finally, MCDA case
studies should include an evaluation component to assess the impact of MCDA on
policy decisions. These aspects would further contribute to the success of MCDA
studies and realize its potential to make real changes in policy making in health.
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Chapter 10
MCDA for Resource Allocation at a Local
Level: An Application in the UK

Brian Reddy, Praveen Thokala, and Alejandra Duenas

Abstract Introduction: Resource allocation at a local level involves making
difficult decisions about investment and, particularly in a time of economic
stringency, about disinvestment. These complex decisions are influenced by a number
of local, political and contextual factors. The use of MCDA can support the local
decision-makers to allocate their resources in a rational manner, based on explicit
consideration of their priorities.

Overview: This chapter provides an overview of methods for decision-making of
relevance to health priority setting in local authorities. These methods have
typically been developed in health-care independent of MCDA but share a number
of similarities. Priority-setting approaches which draw on MCDA techniques
include option appraisal, Portsmouth scorecard, prioritisation matrices, programme
budgeting and marginal analysis (PBMA), sociotechnical allocation of resources
(Star) and discrete choice experiments (DCEs). Whilst these applications are all
based on MCDA, they vary significantly in terms of scientific rigour, robustness and
time and other resources required.

Case Study: The case study (entitled SYMPLE) describes the MCDA approach
used to inform a prioritisation process for smoking cessation interventions across
four local government areas in South Yorkshire.
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Discussion: A number of MCDA methods exist for local resource allocation,
ranging from quick and simple methods (e.g. direct methods) which can be
performed in a couple of weeks and are based on subjective opinion to more
complex methods like the HELP tool which was based on DCEs and robust
evidence (systematic reviews, modelling and survey of general population) but took
significantly longer to implement. The local decision-makers need to choose the
appropriate method based on their resource/time constraints, scientific validity and
significance and broader context of the decision problem.

10.1 Introduction

Resource allocation at a local level involves making difficult decisions about
investment and, particularly in a time of economic stringency, about disinvestment.
In the UK, local authorities have some leeway in how they deploy the public health
budget although certain activities (e.g. implementing the national health check
programme and providing sexual health services) are mandatory. They hold overall
responsibility for promoting the impact of health interventions on their populations
and simultaneously for addressing health inequalities across the range of their
activities. Priority setting at a local level is informed by national guidelines and by
local political and contextual factors and influences, including the extent of
stakeholder and public engagement in identifying and agreeing priorities. However,
there is no formal process for prioritising public health investment or for ranking
interventions. Local authorities are likely to adopt a range of different approaches in
practice to prioritise between possible actions, depending on their respective
circumstances and preferences.

This chapter provides an overview of methods for decision-making of
relevance to health priority setting in local authorities. Section 10.2 describes the
priority-setting approaches which draw on multiple criteria decision analysis
(MCDA) techniques including option appraisal, programme budgeting and
marginal analysis (PBMA), socio-technical allocation of resources (Star) and
other MCDA approaches incorporating discrete choice experiments (DCE).
MCDA techniques are an extension of decision theory ‘for appraising alternatives
on individual, often conflicting criteria and combining them into one overall
appraisal’ (Keeney and Raiffa 1993). Section 10.3 includes a discussion on
different techniques for weighting criteria and the different ways of gathering data
on the alternatives’ performance. Section 10.4 describes a case study of MCDA
approach used for smoking cessation intervention prioritisation in four primary
care trusts (PCTs) in South Yorkshire. The case study highlights that applications
of MCDA may vary significantly in terms of scientific rigour, robustness and time
and other resources required. The final section presents the conclusions, which
state that the local decision-makers need to choose the appropriate method based
on their resource/time constraints, scientific validity and significance and broader
context of the decision problem.
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10.2 Overview of MCDA Methods for Priority Setting
at Local Level

This section provides an overview of methods used to support health priority setting
by local authorities. The priority-setting approaches that draw on MCDA techniques
include option appraisal, Star, PBMA and techniques using DCE approaches.

10.2.1 Option Appraisal, Portsmouth Scorecard and Other
Prioritisation Matrices to Guide Deliberations

Option appraisal is widely used in government for comparing the costs and benefits
of different options for investment. It is concerned with value for money in achieving
stated objectives and involves a process of defining objectives, examining options
and weighing up the costs, benefits, risks and uncertainties of those options (HM
Treasury 2003; Government 2011). It therefore encourages a systematic approach
to evaluate prospective ways to meet outcomes, achieved through exploring the
relative costs and benefits of a particular option and making a comparison with
other options against the same set of evaluation criteria.
Such approaches have been used to:

e Evaluate and consider the management, organisation and delivery of mental
health services in Ashton, Leigh and Wigan, including those delivered by the
local authorities in that area (Ashton, Leigh and Wigan PCT 2005)

e Support health service redesign for children with complex needs in Aberdeen,
including consideration of services delivered by Aberdeen City Council
(Aberdeen City 2010)

» Evaluate the costs and benefits of alternative systems of coronary heart disease
monitoring in Scotland (Perry et al. 2000).

Prioritisation matrices, tailored to the specific decision-making setting, with
varied criteria and weighted scoring systems, have been commonly developed by
PCTs for their own use, although largely for prioritising new developments. These
methods have the advantage of not requiring sophisticated quantitative analysis, and
modified versions have been developed to inform decisions over clinical and
non-clinical interventions in a number of localities across England (Robinson et al.
2011; Robinson 2011). It has been argued (Robinson et al. 2009) that
these approaches are easy to understand and the criteria can be adapted to suit the
priority-setting context. It is also argued that the tool can be used as a vehicle to
engage different stakeholder groups in the priority-setting process (Robinson et al.
2009), to facilitate deliberation and potentially further stakeholder participation. A
related approach, which incorporates more formal performance matrices, is the
‘Portsmouth scorecard’. In this approach, each option is scored against selected
criteria, and total scores are calculated and discussed. Each criterion has a



178

B. Reddy et al.

maximum score, and there are thresholds for scoring within each category, as seen
in Table 10.1. Allowing decision makers (or other stakeholders) to assign these
points using their subjective judgement is what distinguishes it from other
performance matrix-style approaches, making it a ‘quick and dirty’ approach that
will suffice in many scenarios. It usually involves calculating a single index score
for each intervention and then ranking interventions accordingly (Williams et al.
2011; Austin et al. 2007). Interventions are placed in rank order (highest scoring
interventions take priority). Typically, scorecards are designed to assess requests for
investment through the collection of information on clinical and cost-effectiveness,
numbers of patients who would benefit, clinical engagement in the proposal for
investment and risks of not funding the intervention (Williams et al. 2011).

Table 10.1 Portsmouth scorecard

Out
Factor Very low Mid-scale Very high Score of
Magnitude of Under 3 points 20 points 40 points 40
benefit (health Limited Moderate Large
gain) improvement in improvement in | improvement in
health or life health or life health or life
expectancy expectancy expectancy
Addresses Under 3 points 20 points 40 points 40
health inequality | Does not address | Partially Fully addresses a
a health addresses a health inequality
inequality health inequality
Strength of Under 3 points 20 points 40 points 40
evidence of Limited or no Modest evidence | Good evidence
clinical evidence (case (cohort studies) (meta-analysis,
effectiveness series, RCTs)
experimental)
Cost- Under 3 points 20 points 40 points 40
effectiveness > £20,000 per £10-20,000 per <£10,000 per
QALY QALY QALY
National and Under 3 points 20 points 40 points 40
local priority None Two targets Must do, Major
Identified as need in CSP/
need in the CSP/ | JSNA
JSNA
Number who Under 3 points 20 points 40 points 40
will benefit (not | 10 1000 10,000
the number
treated)
Affordability Under 3 points 10 points 20 points 20
>£100,000 <£50,000 Cost saving to
the PCT
Total score for (Sum of | 260
option above
scores)

Austin et al. (2007)
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10.2.2 Socio-Technical Allocation of Resources (Star)

This method comprises a pragmatic approach to priority setting, combining value
for money (VFM) analysis with extensive stakeholder engagement through decision
conferencing. The approach was initially developed through work carried out with
the Isle of Wight (see Box 10.1 below) and Sheffield PCT (Airoldi et al. 2011,
2014), which has since been developed into socio-technical allocation of resources
(Star) toolkit in collaboration with the Health Foundation (Airoldi et al. 2014;
Airoldi 2013; Health Foundation 2012). This technique used MCDA approaches to
facilitate local governments in deriving their own appropriate ‘efficient frontier’ to
weigh up costs and benefits (however they defined these) and given the total budget
available. The approach used a decision conference setting; to do so, an impartial
facilitator works iteratively with stakeholders to generate an explicit model intended
to help those present to think more clearly about the relevant issues (Phillips and
Bana e Costa 2007).

Box 10.1: Star in Action
Airoldi et al. (2011) describe a research study conducted in collaboration with
and for the Isle of Wight PCT in 2008.

This process included (i) a schedule of meetings, (ii) the design of a social
process to engage key stakeholders and a technical process developed upon
CEA principles to formulate a list of key priorities, (iii) guidance on utilising
information from available demographic and epidemiological data to support
the evaluation of interventions, (iv) the facilitation of meetings with
stakeholders, (v) the analysis of results and (vi) the production of a final report
setting out the key findings and recommendations.

Twenty-one proposed initiatives to improve quality of life and reduce
health inequalities on the island were summarised in a single template which
set out the intervention operationally; assessed expected cost; estimated the
number of beneficiaries; identified the profile of an average beneficiary,
including consideration of impact on health equalities; and set out the health
benefit (Airoldi et al. 2011).

The information was used to generate a priority list in which interventions
were ranked according to value for money. This ranking was a
cost-effectiveness ranking similar to a cost/QALY league table.

Following the decision conference, a report was drafted which was used to
feed into the PCT’s prioritisation of £1million of additional resources. The
analysis influenced the PCT’s decision to approve an operational plan to fund
the interventions with the highest value for money.
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An Excel-based tool is used alongside a facilitated stakeholder workshop, and
the results are presented using visual aids such as VFM triangles and efficiency
frontiers. A key focus of the sociotechnical approach is for the problem and potential
solution to be ‘owned’ by the stakeholders rather than having it ‘imposed on them
by outside agencies’ (Williams et al. 2011).

10.2.3 Programme Budgeting and Marginal Analysis (PBMA)

PBMA is a structured deliberative process, involving multiple stakeholders, who
make investment and disinvestment recommendations. The incremental costs and
benefits of interventions under consideration are estimated (programme
budgeting/PB) and the benefits arising from investments and disinvestments at the
margin compared (marginal analysis/MA), in order to maximise impact and
minimise costs (Donaldson and Mitton 2009). PB enables commissioners to assess
data on spending as a whole and in relation to different practices, allowing for
discussion over variations in patterns of expenditure. MA draws on economic
concepts such as opportunity cost to explore the assessments of costs and benefits
from various activities involved in a particular programme area. Stakeholders
normally meet on a number of occasions and agree on final investment/disinvestment
decisions based upon dialogue and compromise. The steps involved in PBMA are
outlined in Table 10.2.

The primary concern in PBMA is with assessing costs and benefits at the
margins, and the focus is on what can be gained from an increase in resources or lost
from a reduction (Williams et al. 2011; Donaldson et al. 2010). PBMA can be used
to address some of the barriers associated with the use of economic evaluation
through the adoption of ‘more flexible, accessible and locally appropriate’
techniques to inform prioritisation (Robinson et al. 2011). PBMA has been
promoted as a pragmatic approach to applying the economic principles of marginal
analysis and opportunity cost to local resource allocation decisions. It can highlight
some of the tensions related to priority setting locally and lead to improved
cohesion and greater stakeholder ownership of the decision-making process
(Bohmer et al. 2001; Ruta et al. 2005).

10.2.4 MCDA Using Discrete Choice Experiments (DCEs)

DCEs can be used during the weighting stage of an MCDA process. They are a
stated preference method used for studying the preferences of patients and other
stakeholders (Bridges 2003). DCE participants are offered a series of vignettes,
each containing two options scored on multiple criteria and asked to choose which
one they would prefer. Based upon these decisions, the implied weightings of the
importance of each criterion can be deduced using multinomial regression. They
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Table 10.2 Stages in a PBMA priority-setting exercise (Peacock et al. 2009)

1. Determine the aim and scope of the priority-setting exercise

Determine whether PBMA will be used to examine changes in services within a given
programme (micro/within programme study design) or between programmes (macro/between
programme study design)

2. Compile a ‘programme budget’

Resources and costs of programmes will need to be identified and quantified, which, when
combined with activity information, becomes the programme budget

3. Form a ‘marginal analysis’ advisory panel

A panel of 8-30 people, made up of key stakeholders (managers, physicians, nurses, finance
personnel, consumers, community representatives, etc.) is formed to advise priority-setting
process. Marginal analysis involves attempting to broadly maximise the total impact from the
available programme budget

4. Determine locally relevant decision-making criteria

Elicited from the expertise of the advisory panel (e.g. maximising benefits, improving access
and equity, reducing waiting times, etc.), with reference to national, regional and local
objectives, and specified objectives of the health system and the community

5. Identify options for (a) service growth (b) resource release from gains in operational
efficiencies (c) resource release from scaling back or ceasing some services

The programme budget, along with information on decision-making objectives, evidence on
benefits from service, changes in local health-care needs and policy guidance, is used to
highlight options for investment and disinvestment

6. Evaluate investments and disinvestments

Evaluate in terms of costs and benefits and make recommendations for (a) funding growth areas
with new resources (b) moving resources from 5(b) and 5(c) to 5(a)

7. Validate results and reallocate resources

Re-examine and validate evidence and judgements used in the process and reallocate resources
according to cost-benefit ratios and other decision-making criteria

have increasingly been used over recent years in health-care settings (Reed Johnson
et al. 2013).

In 2009, the Health England Leading Prioritisation (HELP) online tool was
developed (Health England) from a project commissioned by Health England to
help prioritise preventive interventions. An MCDA approach was employed for
comparing interventions across a range of attributes, such as cost-effectiveness, and
impact on health inequalities. The MCDA involved the following steps:

. Identifying interventions to evaluate

. Identifying criteria against which to evaluate the interventions

. Measuring the interventions against the criteria

. Combining the criteria scores to produce a ranking of each intervention

W =

First, the list of interventions included in the analysis was selected by reviewing
NICE recommendations, conducting stakeholder workshops and identifying
whether the interventions meet national priorities. Secondly, criteria against which
to evaluate interventions were identified using a review of previous prioritisation
methods, stakeholder workshops and stakeholder surveys. Third, the performance
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of the interventions on the criteria was gathered from reviews of evidence of
effectiveness and cost-effectiveness, construction of decision models to estimate the
cost per QALY gained and analysis of affordability, reach and inequality score.
Fourth, a DCE was undertaken to elicit the relative importance that decision-makers
place on different criteria; a total of 1117 questions were answered by 99 respondents.
Multinomial regression analysis was run using the conditional logit model, and the
17 interventions were then ranked by the probability of each intervention being
funded using the results of the DCE.

10.2.5 The South Yorkshire Multi-criteria Decision Analysis
Prioritisation for Local Effectiveness (SYMPLE)
Approach

In Section 10.4, a case study is described, showing the approach used to prioritise
between a range of interventions aiming to reduce tobacco prevalence across four
local government areas (boroughs). A standard linear additive MCDA model was
chosen as the most appropriate approach for this decision problem. This is the most
commonly used approach in health care (Marsh et al. 2014). Only one half-day was
available to bring the expert group together—so a simple approach was necessary—
ruling out other potentially more time-intensive methods such as the paired
comparison techniques. The total scores were calculated for each intervention,
using a weighted sum method, which can then be used to prioritise between the
interventions. The final decision was to be made by each borough’s Director of
Public Health (DPH), so the MCDA modelling can be considered as a tool to help
quantify the benefit associated with each approach. The case study shows that
modelling, in practice, in local government circumstances can be difficult for a
range of reasons, such as lack of evidence, limited resources and the need to
incorporate multiple stakeholders.

10.3 Discussion

All the different MCDA methods highlighted in Sect. 10.2 follow the same general
principles of identifying criteria, weighting them, valuing the different options on
the criteria and combining all this information to support prioritisation. In practical
terms, however, techniques operate at different levels of complexity and the choice
of appropriate technique for a given problem should also be partly determined by
available time, data and skills. As seen in Sect. 10.2, approaches range from simple
scorecards to computer-based modelling. There are a number of different
techniques for weighting criteria, which can be used as part of any MCDA method.
These include:
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Direct rating. A numerical figure is assigned from a given range to weight criteria
(such as 0—10). This is easy to use; however, there is some criticism in that the
stakeholders do not consider all the information with this method.

Swing weighting. This requires the identification of the most important criterion
by thinking about the difference between the best and worst performance on each
criterion, given the alternatives under consideration. Criteria that under normal
circumstances would be considered critical a priori may not end up important in
the context of the model if similar levels are present in each of the alternatives,
and vice versa. This is relatively straightforward to use and has explicit
consideration of the scales of the different criteria (widely considered the ‘gold
standard’ method).

Paired comparison analysis. This establishes choices across or within
programmes. It can be used for ranking options, and stakeholders choose
between paired comparisons: options are ordered from ‘most often preferred’
to ‘least often preferred’. This is relatively simple for non-experts but can lead
to inconsistent preferences and, depending on the number of criteria, can take
a long time.

Conjoint analysis and discrete choice experiments (DCE). These use
survey-based methods for eliciting trade-offs that stakeholders are willing to
make. The HELP tool, as noted above, used DCE to prioritise across programmes.
It was used to weight and combine five criteria scores (cost-effectiveness,
proportion of the population eligible for the intervention, distribution of benefits
across the population, affordability and certainty) to produce a ranking of each
intervention. This approach can be used to collate the views of large numbers of
people independently but does not necessarily facilitate deliberations or
consensus building in smaller groups.

Another aspect of consideration for priority setting is the availability of evidence.

As seen in Fig. 10.1, data on the alternatives’ performance on each of the criteria
can be gathered in a variety of ways, ranging from evidence synthesis to expert
opinions. These include:

Evidence synthesis, for example, building economic models and data analysis.
This approach is explicit and transparent and may reveal counterintuitive
relationships between criteria but needs time, resources and specialist skills
which might not be available in-house.

Internal data collection, such as current patterns of expenditure. Wherever
available, these should be accessible, reliable and understandable by relevant
stakeholders. However, there might not be enough information in the organisation
regarding the performance of options against the criteria.

Published evidence, including literature reviews. This is quick to use; however,
there might not be enough information in the literature with regard to the
performance of all options against the criteria.

Subjective judgement, such as expert input. This is useful in public health
settings where there is insufficient evidence. However, the criticism of using
subjective opinion rather than objective information remains.
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Evidence
Evidence
Synthesis/
HE.LP
Modelling
“months
PBMA
STAR
Option Appraisal
SYMPLE

Subjective Portsmouth
Judgement Scorecard
~few hours

Scorecard Socio-technical DCEs

~few hours approaches ~ few ~ few months

weeks

Fig. 10.1 Field showing range of possible MCDA-based approaches, described by evidence
requirements and resource/time use

Other factors also play a role in which approach to choose. MCDA approaches
have different advantages and disadvantages depending on who will be included as
part of the decision-making process. DCE facilitates large numbers of people to be
involved independently of each other and for general conclusions to be drawn on
this basis. Star, on the other hand, uses a decision conferencing approach which
necessitates that only a small number of decision-makers are involved, to allow
them to converge on a single answer. Depending on the exact approach used,
option appraisal and PBMA tend to follow a similar Delphi-style technique to
elicit viewpoints and arrive at final decisions. Baltussen et al. (2010) also argue
that PBMA is useful for choosing between a small set of alternatives in a specific
context, but those studies that aim to inform prioritisation discussions on a larger
scale are better suited to more formal MCDA techniques—though they also find
that defining whether a study uses a PBMA approach or not is itself sometimes
unclear. But the exact nature of the decision problem needs to be matched with an
appropriate MCDA technique, given the necessary involvement of decision-makers
given the specific context, making drawing definitive conclusions difficult.

Whilst all the methods seen in earlier sections are all based on MCDA principles,
they vary significantly in terms of scientific rigour, robustness and time and other
resources required. The choice of MCDA method for our study was based on the
resource/time constraints, the scientific validity and the significance and broader
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context of the decision problem. In choosing the appropriate level for any given
problem, researchers should consider such factors carefully. The case study reports
on why we chose the techniques we did, the role of the stakeholders in doing so at
each stage and a practical example of how one can go about designing such a
technique given a particular decision context.

10.4 Case Study: Using MCDA to Inform Local Government
Investment in Public Health

In this section, a case study is presented to describe the prioritisation process for a
range of interventions to reduce smoking prevalence in South Yorkshire. We have
called this the South Yorkshire Multi-criteria Decision Analysis Prioritisation for
Local Effectiveness (SYMPLE).

Each of four boroughs in the South Yorkshire areas had a Tobacco Control
Commissioners (TCC). These TCCs had been liaising for some years and hoped to
identify an appropriate ‘knowledge-based approach’ that might inform future policy
about how to reduce smoking prevalence in a rational and transparent way (Reddy
et al.). Therefore, the SYMPLE approach was designed to bring together a range of
opinions which should be used to present a range of policy options to each
borough’s Director of Public Health (DPH).

Seven steps are listed in Table 10.3 based on the ISPOR task force—Emerging
good practices guidelines (Thokala et al. 2016). The original guidelines used eight
steps, but in our study, measuring and scoring had to be carried out at the same time
and so were merged in the table. The sequence of stages allowed the views of the
general public, expert opinion and other stakeholders to be incorporated at various
stages. The findings were ultimately used as a basis for prioritisation between the
options under consideration. The entire process is perhaps best seen as a framework
for investigating and discussing the objectives and issues rather than a rigid
formula.

10.4.1 Defining the Decision Problem

The decision problem and corresponding decision goal should be understood
and defined as a point of departure for any MCDA,; this, of course, includes the
identification of appropriate stakeholders, alternatives to be considered and output
required (Thokala et al. 2016).

In this case study in order to demonstrate the legitimacy of the prioritisation
process, an expert steering group comprising of about 30 stakeholders from a broad
range of relevant settings in tobacco consumption reduction were identified by
the TCCs (such as stop smoking providers, midwifery, elected councillors, the fire
service and a local chamber of commerce).
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Fifteen interventions were examined and chosen to represent a broad range
of potential techniques. There are potentially a limitless number of interventions
available given various levels of investment, but MCDA techniques could not
investigate every such intervention in practice. Given the subsequent findings would
still ultimately be subject to political factors; the list was intended to be broad and
representative rather than comprehensive. Through deliberation with the TCCs, a
final list that met these requirements was developed, and three to four page business
cases for each intervention were prepared, giving a broad outline of how the
intervention would likely be implemented in practice and written in language
accessible to all stakeholders.

10.4.2 Selecting and Structuring Criteria

After a decision problem is identified, criteria for evaluating the alternatives should
be agreed; there are a number of methods for determining the criteria, for example,
using facilitated workshops and focus groups. Certain requirements need to be met
if an additive model is used (Marsh et al. 2016). Having identified the criteria, they
should then be structured using an appropriate method, for example, a value tree
(Marsh et al. 2016), which can be used to highlight the uncertainties inherent in the
decision and the possible outcomes in each scenario.

For all prioritisation setting methods, identifying relevant criteria for comparison
of interventions ‘requires considering the underlying reasons for the organisation’s
existence, and the core values that the organisation serves’ (Dodgson et al. 2009)
and is potentially the most important part of the process. All the prioritisation
setting methods presented in Sect. 10.2 use stakeholders to identify the criteria.

For this case study, the first attempts to identify suitable criteria were carried out
through public consultation. Workshops were set up to engage with volunteers from
the public to discuss a series of potential interventions and describe why they would
prefer investment in one rather than another. These criteria were ranked according
to participants’ views. They were sent out to the expert group for comment and
ranking and were subsequently revised. These steps were nonbinding but were used
to inform the subsequent debate on which criteria and weightings to use.

In order to attain a final workable set of criteria, a number of iterations were
necessary. So as not to bias the results, a number of criteria which may have been
highly related were removed or revised (to avoid double counting). This was
achieved by consensus between the TCCs (who attempted to ensure that the
findings from the expert group were taken into appropriate account), and six
headline criteria were identified (Table 10.4). The first stages of these iterations
were realised through correspondence so as to have some points (broad criteria) to
discuss during the decision conference. The lack of clear, quantitative data made the
identification of suitable proxy variables difficult. The results of the MCDA model
were to be indicative to the DPH, rather than conclusive. The DPH could
subsequently incorporate other aspects such as synergies between programmes and
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political considerations. The themes presented in Table 10.4 instead ensured that a
roadmap could be followed to ensure that all major, relevant issues would be
addressed in the discussion at the decision conference through expert judgement,
though in an ideal world, it would have been better to define them more clearly.

10.4.3 Weighting Criteria

Weighting allows for trade-off between an alternative’s performance on criteria and
is used to group the scores of individual criteria into a total value measure. It is
normally done by eliciting stakeholders’ preferences, and as the scores given for
each criterion all have a representative value and are not commensurate, weights
must be given (Dodgson et al. 2009).

Choices concerning the preferences that are relevant to a decision problem are
normative; the outcomes of which may be sensitive to the scoring and weighting
used. However, it is unclear if any human prioritisation decisions can be characterised
as value-free, and a key advantage of MCDA techniques is in making explicit these
weights, allowing for the management of and analyses of these subjective aspects
(Belton and Stewart 2002). Such analyses are impossible with deliberative
processes that instead use implicit weights.

Table 10.4 presents the preference weights for criteria; these criteria were
elicited using swing weighting and synthesised the viewpoints of the expert panel,
the TCCs and the level of difference between the best and worst performing intervention
on each criterion. The importance of each criterion was determined by gathering
correspondence before the meeting of the expert group because of expected time
constraints on the day. Stakeholders expressed a view that equity aspects were
considered from the outset than after cost-effectiveness analysis. There was also a
preference stated by many stakeholders for interventions with higher impacts to
individuals rather than lower impacts to larger groups. On the other hand, the TCCs
were more concerned about the prevalence rates given in the national priorities.
After some deliberation with the TCCs, the prevalence rates were converted into
swing weights from the best to worst performing intervention in each criterion.

10.4.4 Measuring Performance

Upon agreeing the criteria, a performance matrix, for example, can be used to report
or measure the performance of each alternative as applied to each criterion. There
are a range of data gathering tools from standard evidence synthesis techniques to
elicitation of expert opinion (Thokala et al. 2016).

Due to lack of evidence, for this case study, expert opinion was elicited based
on the performance of different interventions which converted as scores (see
section below; 10.4.5 Scoring alternatives). In practice, this meant scoring (shown
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Table 10.4 Inputs to the MCDA process developed prior to the decision conference—the criteria
and their weightings

Criterion definition Considerations Weight
How well does it meet our priorities 50 %
on the national indicators to Reduce smoking amongst adults (20 %)
Reduce smoking amongst young people (15 %)
Reduce smoking amongst pregnant women (15%)
How much will this improve a Will it improve their heath or help them to 15 %
person’s health or quality of life? live longer?

Are there other aspects of a person’s life that
will improve money, better environment,
lower crime, etc.?

Will it help the difference in health | Can the people who need this intervention 15%
or length of life between our get to it?
communities? Will it reach our high-risk groups and

communities?

Will people use the service or intervention?
Value for money Does it work? 10%
How many people will benefit—both directly
and indirectly?

Can we afford to do it?

Ease of implementation Will it contribute to and enhance 5%
services/pathways?

Can we get the right staff, buildings,
equipment, etc.?

Sustainability Is it sustainable? 5%
Are there any risks associated with this
intervention?

below) and measuring were carried out at the same time, as there was no intermedi-
ate step of carrying out a literature search or specifying the key metrics for each
criterion.

10.4.5 Scoring Alternatives

Stakeholders’ preferences within criteria are collected after an analysis of each
alternative performance. Performance measurements are then converted into scores
based on predefined rules or functions—scores are used to transform performance
measures into a common scale or to incorporate priorities within the criteria.
Therefore, the next part of the process necessitated scores be given to each
intervention on each criterion. For this particular case study, there was not enough
data on the interventions, and, hence, to elicit the scores, subjective opinion from
key experts was sought during a decision conference setting. An impartial facilitator
worked iteratively with stakeholders to generate an explicit model in order to help
those present to think clearly about the more important issues (Phillips and Bana e
Costa 2007). A broad range of potential stakeholders were included in the process—the
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same group who had weighted criteria by correspondence. This allowed for a fuller
spectrum of views to be included and potentially increased the legitimacy of the
findings, as practically all relevant parties were represented in the process.

So as to guarantee that all participants had the opportunity to express a view at
each stage, they were initially divided into four groups. Participants were asked to
consider how an intervention might perform on each criterion using a score from 0
to 10, where 0 indicates having the least imaginable impact for that criterion and 10
indicated the biggest imaginable impact. Batches of four interventions at a time
were presented and debated between groups to ensure an overall consensus score
for each intervention on each criterion. Due to time pressure towards the end of the
day, two larger groups were formed to score the final interventions in parallel.

10.4.6 Calculating Aggregate Scores

When calculating aggregate scores in the Portsmouth approach, VEM analysis
is used, Star uses the same analytical approach but with extensive stakeholder
engagement through decision conferencing, PBMA evaluates the possible outcomes
against their opportunity costs using a deliberative process and HELP utilises
DCE-calculated value.

For this case study, an additive model was used, in this instance a weighted sum
approach. Scores elicited from participants on each intervention were combined
with the weight on each criterion to calculate total scores for each intervention
under consideration. This was performed as shown below:

i
v = Zsﬁ W
0

where
v; is the overall value for intervention j estimated from MCDA model
S;; is the score for intervention j on criterion i
w; is the weight attached to criterion i

Interventions were subsequently ranked based on the total scores as shown in
Table 10.5.

10.4.7 Dealing with Uncertainty

Uncertainty can have a major impact on an assessment, influencing both the design
and nature of the evidence and when evaluating the robustness of the decision
outcomes. Uncertainty in MCDA has not been explored extensively. In an MCDA, the
selected criteria, performance against those criteria and stakeholders’ perspectives are
subject to uncertainty. Probabilistic sensitivity analysis techniques can be used to combat
parameter uncertainty, whilst scenario analyses can address structural uncertainty.



191

10 MCDA for Resource Allocation at a Local Level

(panunuoo)
saovds uado Kqjuo
8% L L L € € 4 4 €| —s2onds 221f-y0ug
44 S 9 8 9 i4 C € Y| WA YSI—SSS NG
SIS 9 S S ¥ 9 9 9 4 SSS siuared
SSS
€S L 8 L 9 L € € G| SUONIPUOd WLI)-SUOT
vs 8 8 9 9 9 4 ¥ S SSS %Y
Jwwer3olxd uoneonpa
ss 9 S S 9 L 14 9 S a1doad 3unox
a8ueyo
INOTABYQQ QOUINUT
6S S ¥ S 9 9 S 8 9 0} SULIOU [BI00S
SUOTJUQAISIUT
$'6S L ¥ L L S S S L Jouq 1oy Sururery,
Sunoyrewr
9 4 L 8 S S L 9 8| PuUE SUONEIUNUILIOT)
929 6 6 6 L 8 8 S € SSS Amurarey
1L 8 8 L 9 L L 8 L juswesioyuy
001 S S 01 (94 94 (94 94 0C Sunysiopm
21008 Ainiqeureisng uonejuowedwr | Kouow {SenIuNWWod L] uouwIom 9rdoad synpe UOIIUQAIOIU]
[e101, Jo aseq 10§ mo| jo Aynenb | jueuSord 3unok Js3uowre
onfeA | uQam)aq ey | Jo (pedy | IsSuowe | JsSuowre | Furjows
Ul QOURIRJJIP s.uosiod | Supjows Junjows 0Npay
oy diay 3t [ipn | & oaoxdwr 0npay 20npay
sty
[Ta gonut
MOH

OB IO SI0JS [B10) PUB UOLISILIO OB UO UOTJUSAIUI 090BQO)-JUE YOrS J0J PIIBIAUST SAI0IS SNSUASU0) §°0Y dqeL



B. Reddy et al.

192

Quwiwres3od
(LSISSV) et
[ooyos ur Surjowrg
$'0C I I 4 C C I ¥ 7| dog v jo uoneordoy
6T 4 C S € S I I € SSS [endsoy
A M0]—SSS
$'8¢ S ¥ 4 € L I I [4 Yoy DI
Sve S ¥ 8 € L I I 4 SSS 2aneradoarq
M/ 481y—SSS
Sve S S 9 ¥ S 4 C C Yoy (U2
saovds aarid
Sve L k4 € € € 14 ¥ € —s200ds 2a.4f-2youg
LE L L € 3 € ¥ 4 € A M0]—SSS ANG
2100$ Anpiqeureisng uoneyuowedwr | Aouow {,SnIUNWWod Lo uamuom ordoad sjnpe UOTIUIAIIU]
e10L, Jo aseq 10§ mo | jo Aienb | jueuSoxd Sunok | 1s3uowe
oneA | ueamleq ey | IO IRy Js3uowre js3uowre Sunjows
Ul QOUAIRJJIP s.uosiad | Sunjows Surjows 20Npay
oy dioy 3 1Ay | & eaoxduur ERlTEN onpay
sy
[[A gonut
MOH

(ponunuod) g1 dAIqeL



10 MCDA for Resource Allocation at a Local Level 193

It is important to note that MCDA can only be considered as a decision support
tool, and therefore there is no correct answer. Subsequently, sensitivity analyses
were performed to investigate the robustness of the findings including on the
fluctuations in weighting scores for each criterion. This required investigating by
how much the weighting on each criterion would have to change in order to alter the
final ordering of interventions. These are difficult to illustrate here for 15 alternatives
on & criteria. However, it was found that the magnitude of change required implied
the results were stable. After the sensitivity analyses, it was found that interventions
with equal scores performed relatively poorly and were unlikely to be funded.
Moreover, the interventions that performed particularly well (and were likely to be
funded) continued to perform well throughout the analyses. The smallest change
required to alter rankings, for example, related to the weighting on reducing prevalence
amongst adults—if this was reduced from 20 % of weighting to 18.75 %, maternity
SSS would instead receive the highest score overall. But given these were the
highest two performing interventions, they were likely to be funded regardless.

The findings show that MCDA techniques are typically robust (Von Winterfeldt
and Edwards 1986) as there was little overall impact when the attributed scores
were changed, but this stage is vital in such circumstances where there is the risk of
confusion or disagreement.

10.4.8 Reporting and Examination of Findings

The results of an MCDA can be shown in either tabular or graphic forms. Aggregate
value scores can help rank the alternatives in order of importance or give a measure of
value to each alternative. It is important to recognise that MCDA is a tool to help
decision-makers come to a satisfactory decision rather than making a definitive or
conclusive decision, allowing them to explore a range of results in differing scenarios.

In this case study, ranking was used to allocate the different budgets for smoking
cessation interventions. The South Yorkshire area acted on the results of the study
and has redistributed their spending in accordance with the recommendations. For
instance, prevention and education activity with young people has been prioritised,
and they have also increased spending on smoke-free spaces.

10.4.9 Reflections

The SYMPLE approach used subjective scores and weighted criteria based upon
value judgements—as such it cannot offer an objective, ‘correct’ ranking of results.
Nonetheless, the results still make clear which interventions may be considered
useful (or otherwise) in future, and they were found to be robust to changes in
weights. The approach used an open, deliberative process bringing together experts
and stakeholders to rank interventions and make explicit any assumptions made.
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Final investment decisions are made in a political context— this must be borne in
mind—and the findings appear to have ultimately provided suitable leverage to
empower decision-makers to make more sweeping and relevant changes than might
otherwise have been possible, as well as giving clarity in renegotiating the services
offered by providers.

There are well-established tensions possible between evidence and policy
(Dowie 1996), and this is likely to equally be the case at local government level.
However, as previously explained, such concerns are likely to reflect real value
judgements and may in fact be useful in situations such as this. The results were
intended to point decision-makers in the right direction, and it is appropriate that
final decisions can be adjusted to address shortcomings in the model’s assumptions
and to ensure they conform to common sense and public preferences.

The steps taken through were paired directly with the nature of the problem
and the constraints of the real-life problem, such as the need to incorporate large
numbers of stakeholders, but the impossibility of getting everyone together over a
number of days. This context dependency makes it difficult to draw conclusions
about how successful it would have been had a different MCDA approach been
used. This project was nonetheless successful in terms of establishing whether an
MCDA framework would be suitable for enabling prioritisation in such
circumstances. This is not to say that the exact approach used here should be adopted
for all local government decisions lacking definitive evidence. At practically all
stages, compromises were required to incorporate the views of as many stakeholders
as possible; the public and the TCCs to ensure the prioritisation progress could be
progressed from its starting point. A key issue that this chapter highlights is that in
the real world, such compromises are often necessary, and researchers undertaking
similar issues in future must use their own judgement to match such issues with the
local context of the decision (Craig et al. 2008). The results indicate that there may
be further challenges ahead given the increased local discretion now encouraged.
Given that public health is no longer the responsibility of the NHS, it is unclear
whether public health guidance will carry the same weight as previously. Local
decision-makers (and previously the public workshop participants) did not believe
ASSIST, for example, would be suitable in a South Yorkshire context as it was felt
it might lead to issues around bullying. This is despite the fact that it is
recommended as cost-effective by NICE. Public health interventions can prove
highly cost-effective (Owen et al. 2012), but this is only demonstrable where there
is a way to measure their effectiveness. There is a lack of clear evidence for most
other interventions under consideration in this study, and hence they could not be
recommended in the same way.

Variation in effectiveness is also possible across the country for interventions
depending on a number of local factors such as demography, providers, the manner
in which it is implemented and so on, and such issues can be more prominent in
public health decisions. This project was driven by the counterintuitive realisation
that such an evidence-driven approach in public health had led to perverse and
suboptimal outcomes in smoking prevalence in South Yorkshire. In future, consideration
needs to be given about how best to manage such variation across the country given
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the increased powers available to local authorities over their public health budgets.
One potential approach is to work with local government using formal approaches
such as the one outlined in this paper in future to aid decision-making and increase
comparability between council decisions. The approach outlined in this paper has
the added advantages of increased transparency and meaningful engagement with
stakeholders.

The opportunity to collaborate directly with the TCCs may have increased the
likelihood of implementation and generated further insights (Innver et al. 2002;
Lavis et al. 2003). The TCCs knew the realities of the prior decision-making system
and could ensure that technical issues are dealt with appropriately as are institutional
factors (Williams and Bryan 2007). These institutional and structural factors tend to
be particularly pronounced at local level (Duthie et al. 1999). Local governments
must also take responsibility for their own decisions at the coal face with their own
electorate (more directly than more technocratic bodies such as NICE), which may
face further possible constraints on their possible actions. Policy development may
notnecessarily be wholly evidence based in practice (Lindblom 1959). Understanding
how to navigate such issues is vital.

A recent systematic review of the use of economics in health-care
decision-making, for example, found its use to be ‘small and patchy’ (Niessen et al.
2012). As has been noted, acceptance of economic perspectives in public health has
been slow, and this has been in part influenced by the complex and multifactorial
nature of public health problems, and the prevalence of a range of national, local
political and contextual influences which impact on decision-making. In supporting
the use and development of MCDA tools in the prioritisation of public health
interventions, the study carried out by NICE (Morgan et al. 2011) showed the
importance of developing methods perceived as useful by commissioners in ways
that were transparent and easy to grasp. Most tools can, however, involve stakeholders
and the public in the selection and valuing of criteria. Partnership working and
well-developed stakeholder relationships are key to the successful use of
prioritisation techniques.

10.5 Limitations of This Study

This chapter does not attempt to take a systematic approach to identifying the list of
areas where MCDA approaches have been used in local government settings.
Instead, it seeks only to demonstrate the kinds of areas in which they have been used
in the past and, through the case study, to highlight the kinds of approaches (and
compromises) needed to ensure that models (even imperfect ones) are fit for
purpose. Because the approach was not systematic, however, it is possible that some
inadvertent bias may exist in reporting the results.

The case study describes a specific project which took place in England. Case
studies are valuable where broad, complex questions have to be addressed in
complex circumstances (Keen and Packwood 1995). By incorporating the context
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of the decision, practical concerns are highlighted (Eckstein 2000) and provide rich,
contextual information (Flyvbjerg 2006). Such contextual factors can make it
difficult to draw clear, generalisable conclusions. However, many of the lessons
may be applicable in any such policymaking setting, which compromises are
inevitable (Lomas et al. 2005).

Within the case study itself, there were a number of stages to the process, each of
which helped inform decision-makers. But the approach is not without limitations,
and it would be inappropriate to use the findings of the MCDA stages in isolation
and without further reflection. The supplementary steps examining the results better
inform decision-makers on the outcomes of the decisions in the real world and help
to reduce the risk of bias, increasing the chances of achieving successful policy
outcomes. The political context and oversight likely helped to ensure results aligned
with perceived ‘common sense’.

The length of time available at the decision conference was an issue, most
obviously in the fact that scores for the final interventions were decided by two
parallel subgroups rather than by all participants simultaneously. However, it is
worth emphasising that this was only part of one stage of the overall project. Scores
generated at the meeting were not intended to be the final piece in the jigsaw puzzle
but the next step on a ladder towards the decision. They serve to highlight
potentially new avenues for decision-makers, but no ranking could be said to be the
final word, as the model is by necessity limited, and subsequent decisions could not
be made in a political vacuum.

Issues such as synergies between interventions and how to manage the timings of
disinvestment for previous interventions were also not considered in the model. The
approach was meant to offer a tool by which to examine and understand, rather than
the final, ideal ranking of interventions. These ultimately require the judgement of
DPHs, particularly in the new, more openly political setting. The approaches
outlined in this study could only inform these decisions, and the criteria used are not
necessarily exhaustive.

10.6 Conclusions

The ability of MCDA techniques to incorporate data and both qualitative and
quantitative judgements in a formal manner means that they are well suited to
support public health decision-making, where evidence is often only partially
available and many policies are value driven. A number of MCDA methods exist for
local resource allocation, ranging from quick and simple methods (e.g. Portsmouth
scorecard) to more sophisticated methods such as PBMA/DCEs. The local
decision-makers need to choose the appropriate method based on their resource/
time constraints, scientific validity and the significance and broader context of the
decision problem.
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Chapter 11
Shared Decision-Making

James G. Dolan and Liana Fraenkel

Abstract Shared decision-making is a collaborative process whereby patients and
their providers make healthcare decisions together, taking into account both the best
scientific evidence available and the patient’s values and preferences. Effective
implementation of shared decision-making therefore requires ready access to current
evidence comparing expected outcomes of decision alternatives, assessment of
decision-related values and preferences, and integration of this information to identify
the most suitable course of action. Multi-criteria decision analysis (MCDA) is
designed to help people make better choices when faced with complex decisions that
involve trade-offs between competing objectives. MCDA methods fulfill all of the
required elements of shared decision-making. This similarity suggests that MCDA
methods could be used effectively to facilitate shared decision-making in practice.

The evidence currently available supports this hypothesis. This chapter will illustrate
how two MCDA methods — the conjoint analysis and analytic hierarchy process
(AHP) — have been used to foster shared decision-making in clinical settings.

Conjoint analysis refers to methods that derive an individual’s decision-related
preferences by examining how they make a series of hypothetical decisions that
involve alternatives that differ in how well they achieve a set of decision objectives.
We illustrate the use of conjoint analysis to foster shared decision-making by
discussing how it has successfully been used to facilitate osteoarthritis treatment
choices in real time and improve physician understanding of patient preferences for
treatment of lupus nephritis.

The analytic hierarchy process (AHP) is an example of a value-based
multi-criteria method. Value-based methods provide a framework for structuring a
decision, comparing alternatives relative to specific criteria, defining the relative
priorities of criteria in achieving the decision goal, and synthesizing this information
to create scores that summarize how well the alternatives are judged to meet the
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decision goal. They also allow for sensitivity analyses that allow users to explore the
effects of different judgments and perspectives on the relative evaluations of the
alternatives. We will illustrate the use of the AHP to foster shared decision-making
in practice by describing how it has been used to facilitate decisions regarding
colorectal cancer screening.

We conclude with a list of suggestions regarding further research to continue this
line of investigation with an emphasis on research needed to effectively implement
these methods in routine practice settings.

11.1 Introduction

11.1.1 Medical Decisions Are Frequently Complex and Involve
Trade-Offs Among Alternatives

The proliferation of medical treatments and diagnostic modalities has resulted in
multiple alternatives for managing numerous healthcare problems. In many cases
none of the options is clearly superior to the others. In these situations, management
decisions depend on preference-driven trade-offs between the pros and cons of the
alternatives available. This growing number of preference-driven healthcare decisions
has highlighted the importance of patient-centered care that incorporates patient
preferences and perspectives into clinical decisions. This approach is based on the
principle that these decisions should reflect individual patient preferences and values
since the patients are the ones who will experience the decision outcomes (Wennberg
et al. 2002; Veroff et al. 2013; O’Connor et al. 2007; Brownlee et al. 2011).

11.1.2 What Is a Good Decision?

In this context, a good decision is one that reflects current clinical evidence,
incorporates patient values and preferences, involves patients to the extent that they
wish, and is acceptable to patients and their healthcare providers (Politi and Street
2011). Making high-quality clinical decisions that meet these criteria requires
shared decision-making, which can be defined as: “an interpersonal, interdependent
process in which the health care provider and the patient relate to and influence each
other as they collaborate in making decisions about the patient’s health care”
(Légaré 2013).

The most common approach to promoting shared decision-making in practice
has been through the use of patient decision aids designed to inform patients about
the decision they face and help them assess their treatment goals and preferences.
Compared to usual care, patient decision aids have been shown to clarify patient
values, lower decisional conflict, improve patient-practitioner communication, and
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increase patients’ knowledge, accuracy of risk perceptions, and involvement in
decision-making (Stacey et al. 2014). However, it has been difficult to implement
shared decision-making in practice settings, and there is considerable evidence that
many clinical decisions that should be made using a shared decision-making
framework are not being made this way (Joseph-Williams et al. 2014; Mulley et al.
2012). Therefore, discovering and implementing clinically feasible and effective
ways to routinely implement patient-centered, shared decision-making into clinical
practice is needed to promote high-quality care.

11.1.3 Relationship Between Shared Decision-Making
and MCDA

Shared decision-making is a challenging task. It requires a clear definition of the
decision at hand, descriptions of the options available, succinct summaries of
pertinent clinical evidence, assessment of the decision-maker(s) preferences and
priorities, and successful integration of this information to identify a sound choice.

Situations like these are not unique to healthcare; they occur frequently in many
areas of human endeavor. The techniques of multi-criteria decision analysis
(MCDA) were developed to help people make judicious choices when faced with
complex decisions like these. The similarity between MCDA and the required
elements of shared decision-making suggests that it could serve as the foundation
for new methods to implement shared decision-making in practice. The goal of this
chapter is to illustrate how two types of MCDA have been used to facilitate shared
decision-making in practice and suggest areas for future research.

The chapter is organized as follows. First, to illustrate how MCDA can support
patient-centered decision-making by providing information that can be integrated
into a wide range of decision-making methods, we will review studies that have
used conjoint analysis to derive patient priorities regarding treatment of lupus
nephritis and osteoarthritis. Then, to illustrate how MCDA could be used to directly
support shared clinical decisions, we will review studies that have used the analytic
hierarchy process (AHP) to study patient decision-making regarding colorectal
cancer screening. Finally, we will discuss the current state of the art regarding the
use of these and other MCDA methods to support clinical decisions and describe
directions for future research.

11.2 Conjoint Analysis

Conjoint analysis has long been recognized as a robust method for quantifying
preferences for competing options (Bridges 2003; Fraenkel et al. 2001; Ryan and Farrar
2000). In this section, we describe examples of how this method can be used to elicit
and explain patient preferences and serve as a tool to support shared decision-making.
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When faced with complex decisions, consumers typically evaluate a number of
attributes and then make trade-offs among them to arrive at a final choice. Conjoint
analysis evaluates these trade-offs to determine which combination of attributes
would be most preferred by consumers. Data derived from conjoint analysis studies
can also be used to measure the relative importance that respondents assign to
specific product characteristics. This feature allows one to observe the influence of
specific treatment characteristics on individual patient’s treatment choice.

Three major assumptions underlie the ability of conjoint analysis to quantify
values.

The first assumption is that each product is a composite of different attributes and
that each attribute is specified by a number of levels. For example, in choosing
between alternative drug treatments, attributes refer to specific medication
characteristics such as route of administration, probability and magnitude of benefit,
and risk of toxicity. Levels refer to the range of estimates for each characteristic.

The second assumption underlying conjoint analysis is that respondents have
unique values, or utilities, for each attribute level. In this context “utility” is a
number that represents the value a respondent associates with a particular characteristic,
with higher utilities indicating increased value. The least preferred level of each
attribute is arbitrarily given a utility of zero, because conjoint analysis measures
utilities on an interval scale. Differences in utilities between alternative levels of an
attribute indicate the relative importances that patients assign to changes in specific
treatment characteristics. For example, in the limited sample of possible attributes
described below, the respondent values decreasing the risk of depression from 40 to
10 % (60 utility units) more than improving the chance of treatment success from 50
to 80 % (40 utility units).

Attribute Levels Utility
Chance of treatment success 40 % 0

50 % 50

80 % 90
Duration of treatment 12 months 0

6 months 30
Risk of depression 40 % 0

25 % 40

10% 60

The final assumption underlying conjoint analysis is that utilities can be
combined across attributes. That is, if the sum of a patient’s utilities for the
attributes of Medication A is greater than the sum of utilities for the attributes of
Medication B, the patient should prefer Medication A to B. For example, using the
utility values shown above, if the researcher defines Medication A as a medication
taken over 12 months, with an 80 % chance of success and 25 % risk of depression
(total utility =130), and Medication B as a medication taken over 6 months, with a
40 % chance of success and 10 % risk of depression (total utility =90), the patient
should prefer Medication A over Medication B.



11 Shared Decision-Making 203

In conjoint analysis, choice simulations are used to convert the raw utilities into
preferences for specific options defined by the researcher. Several models are available.
One of the most commonly used is the randomized first choice model in which
utilities are summed across the levels corresponding to each option and then
exponentiated and rescaled so that they sum to 100. This model is based on the
assumption that subjects prefer the option with the highest utility. The randomized
first choice model accounts for the error in the point estimates of the utilities as well
as the variation in each respondent’s total utility for each option. This approach has
been shown to have better predictive ability than other models (Huber et al. 2007).
Simulations also allow the researcher to examine how changing specific medication
characteristics (such as lowering the co-pay or changing the route of administration)
influences patient preferences.

There are several ways to collect data for conjoint analyses. Adaptive conjoint
analysis (ACA) (Sawtooth Software, Inc., Orem, UT (Huber et al. 2007)) collects
and analyzes preference data using an interactive computer program. This method
is unique in that it uses individual respondent’s answers to update and refine the
questionnaire through a series of graded-paired comparisons. As a result, each
respondent answers a customized set of questions. ACA constructs pairs by examining
all the possible ways the levels can be combined and then chooses pairs of options
with similar utilities for which it expects respondents to be indifferent (based on
previous responses). If one option is clearly superior to the other based on ACA’s
initial estimate of utilities, no additional information is learned. Because it is
interactive, ACA is more efficient than other techniques and allows a large number
of attributes to be evaluated without resulting in information overload or respondent
fatigue. This is an important advantage, since complex treatment decisions often
require multiple trade-offs between competing risks and benefits.

11.2.1 Lupus Nephritis

Lupus nephritis is a serious complication of systemic lupus erythematosus, an
autoimmune disorder that can affect multiple joints and internal organs, which may
progress to end-stage renal disease requiring dialysis or transplantation. Treatment
for lupus nephritis consists of high-dose corticosteroids in combination with one of
several possible immunosuppressive agents which differ in their toxicity profiles.
We used adaptive conjoint analysis (ACA) to assess patient treatment preferences
for lupus nephritis by examining: (i) the relative preferences that patients assign to
specific immunosuppressive medication characteristics, (ii) the percentage of
women preferring cyclophosphamide over azathioprine (two immunosuppressive
drugs) for a given probability of renal survival and risk of adverse effects, and (iii)
how changing the probability of renal survival or risk of major toxicity influences
preference (Fraenkel et al. 2001). Both cyclophosphamide and azathioprine are
equally effective in terms of overall survival. Cyclophosphamide is more effective
than azathioprine at preventing end-stage renal disease, but carries a greater risk of
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Example of first set of questions

If two medications were acceptable in all other ways, how important would this difference be?
No added risk of hair loss versus 50% risk of hair loss

Not important at all
Somewhat important
Very important
Extremely important

Pobd=

Example of second set of questions

Which would you prefer?

95% have functioning kidneys / 60% have functioning kidneys /
5% need dialysis after 10 years OR 40% need dialysis after 10 years
+ +
50% chance of infertility No added risk of infertility
Strongly prefer left No Preference Strongly prefer right
1 2 3 4 5 6 7 8 9 10

Fig. 11.1 Examples of conjoint analysis questions

infection and a unique risk of infertility and premature ovarian failure. We
hypothesized that women of childbearing age wanting to have more children would
be more likely to reject cyclophosphamide.

The ACA survey contained nine attributes: efficacy (prevention of dialysis) and
the risks of infection, cancer, hair loss, shingles, nausea and vomiting, bleeding
from the bladder, oral ulcers, premature ovarian failure, and infertility. Respondents
first rated the importance of the difference between the best and worst estimates of
each characteristic on a four-point scale ranging from not important at all to
extremely important. Second, to refine respondents’ utilities, respondents evaluated
a series of paired comparisons involving a trade-off between two attributes.
Examples of these tasks are provided in Fig. 11.1.

The relative importances of the attributes studied were similar across the two
groups of women except for the risk of premature ovarian failure (Table 11.1).
Variation in efficacy and risk of infection had the greatest impact on choice, each
accounting for approximately 20 % of the total relative importance. Of note, a 50 %
increase in the risk of reversible hair loss had a similar impact on patient preference
as the much rarer risk of cancer.

Similar to sensitivity analyses conducted for decision analytic models, we
conducted simulations to examine preferences under different assumptions. For the
base-case scenario, which modeled preferences for the maximum renal survival
advantage of cyclophosphamide reported in the literature and a low probability of
adverse effects, 56 % of premenopausal women wanting more children preferred
cyclophosphamide over azathioprine. In contrast, the majority of premenopausal
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Table 11.1 Importance of attributes regarding treatment of lupus nephritis based on adaptive
conjoint analysis

Premenopausal women wanting Premenopausal women not wanting
more children more children
Attribute (N=25) (N=40)
Efficacy 19+4 22+5
Infection 19+4 18+5
Cancer 12+5 12+5
Alopecia 11+4 11+5
Ovarian failure | 14+7 9+5
Zoster 9+3 9+4
Nausea 8+4 9+4
Cystitis 5+3 64
Oral ulcers 4+2 4+3

women not wanting more children (80 %) preferred cyclophosphamide. A decrease
in the risk of premature ovarian failure to 12.5 % (the risk associated with short-term
therapy) increased the percentage of respondents preferring cyclophosphamide by
only 8 %. Only in the hypothetical situation where cyclophosphamide carries no
additional risk of infertility were women wanting more children as likely to choose
this drug as those who do not (88 % versus 90 %).

This study suggests that a significant number of premenopausal women wanting
more children are unwilling to accept even the smallest risk of infertility associated
with cyclophosphamide, no matter how much better it is at preventing renal failure
than azathioprine. While newer treatment options are now available for lupus
nephritis, cyclophosphamide remains an option for many serious inflammatory
diseases. The results of this study underscore the importance of including patients’
values for the trade-offs involved in these difficult decisions.

11.2.2 Knee Osteoarthritis

Knee osteoarthritis (OA), also known as degenerative arthritis, is associated with
loss of cartilage and bone spur formation. It is the most common form of arthritis
and leads to pain and stiffness (Osteoarthritis 2015). Knee OA is currently the
most common cause of lower extremity disability. Explicit elicitation of patient
preferences is of particular importance in the treatment of patients with knee OA,
because pharmacologic options have relatively modest efficacy and differ significantly
with respect to their risk of drug toxicity and cost. Given the extant data documenting
relative risk aversion among older adults, we hypothesized that current practices for
the treatment of knee OA, in which the majority of subjects are treated with
nonselective nonsteroidal anti-inflammatory drugs (NSAIDs), are not concordant
with patient preferences.
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We composed an ACA survey to quantify patient preferences for available
treatment options. The ACA task was composed to ascertain patients’ preferences
for five options: nonselective nonsteroidal anti-inflammatory drugs (NSAIDs),
cyclooxygenase inhibitors (COX-2 inhibitors), opioids, glucosamine and
chondroitin sulfate, and capsaicin. We measured patient utilities for seven medication
characteristics including label, route of administration, time to benefit, response
rate, common adverse effects, risk of ulcer, and monthly co-pays. Levels for
benefits and harms were drawn from published studies (Fraenkel et al. 2004).

As shown in Table 11.2 below, we found that topical capsaicin (the safest but least
effective medication) was the most preferred option. In contrast, nonsteroidal
anti-inflammatory drugs (NSAIDs), the most widely prescribed medications for
patients with arthritis, are the least preferred therapeutic options when patients are
responsible for the full cost of their medications. Decreasing the risk of ulcers associated
with NSAIDs or increasing their efficacy did not change to rank ordering of preferences.
However, Cox-2 inhibitors became the preferred choice when they were assumed to
cost $10.00 per month (reflecting the typical co-pay in an insured patient).

In this study, as shown in Table 11.3 below, the risk of adverse effects had the
strongest impact on patient decision-making which explains why patients with knee
OA strongly preferred capsaicin and rejected NSAIDs. Preferences for capsaicin
were unlikely to be due to a dislike for taking pills, since route of administration was
one of the least influential medication characteristics. Despite the widespread use of
complementary therapies among patients with arthritis, the label ‘“natural
supplement” also had little influence on treatment preferences when rated in
comparison to other medication characteristics. The magnitude of the discrepancy
between patient preferences in this study and the widespread use of nonselective
NSAIDs raise important questions about how patient preferences are elicited and
how treatment decisions for OA are made in clinical practice.

Table 11.2 Osteoarthritis treatment preferences assuming patients are paying the full cost of their
medications

Patients preferring each treatment option
Change from base case
Risk of ulcer Efficacy of anti-inflammatory
Option Base case | decreased? drugs increased®
Percent+SD
Nonselective NSAIDs 2.0+14 9.0£2.9 5+2.2
COX-2 inhibitors 7.0£2.6 7.0£2.6 17+3.8
Opioids 23.0£4.2 |20.0£4.0 18+3.8
Glucosamine and/or 24.0+4.3 |21.0+4.1 19+3.9
chondroitin sulfate
Capsaicin 44.0+5.0 [43.0£4.9 41+4.9

Abbreviations: COX cyclooxygenase, NSAID nonsteroidal anti-inflammatory drug

aRisk of ulcer associated with nonselective NSAIDs, 1 %; COX-2 inhibitors, 0.5 %

"Efficacy of nonselective NSAIDs and COX-2 inhibitors, 75 % of patients’ benefit; opioids and
glucosamine and/or chondroitin sulfate, 50 %; and capsaicin, 25 %
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Table 11.3 Utilities for osteoarthritis medication characteristics derived from conjoint analysis

Relative importances

Medication characteristic Mean + standard deviation
Label 9.7+4.9

Route of administration 11.9+4.6

Time to benefit 13.6+£4.7

Chance of benefit 15.1+4.6

Common adverse effects 18.5+3.3

Gastrointestinal ulcer 19.2+34

Out-of-pocket monthly cost 12.2+4.5

Given these findings, we sought to determine whether conjoint analysis could be
used as a decision support tool for decisions regarding treatment of OA in the
clinical practice setting. We performed an experiment in which all patients with
knee OA were randomized to receive a conjoint analysis-based decision support
tool or to a control arm at the time of their appointment.

Subjects in the control arm were given an information pamphlet on OA by the
research assistant that they could read while waiting for their appointment.

Those in the intervention arm were asked to complete the ACA task on a laptop
computer with the help of a research assistant before seeing their physicians. The
ACA survey was similar to that described in the first study which included the
following treatment characteristics: route of administration (pills, cream, injection,
exercise), likelihood of expected benefit (decrease in pain and improvement in
strength and endurance), and risk of adverse effects (dyspepsia and ulcer). After
answering the ACA questions, the tool calculated patient-specific relative
importances and estimated treatment preferences in real time, thus enabling us to
provide patients with a handout illustrating the relative influence of each characteristic
on their treatment preferences and a graph demonstrating the relative ranking of the
options on a scale ranging from 0 (worst choice) to 100 (best choice) (see Figs. 11.2
and 11.3) (Fraenkel et al. 2007).

We found that subjects who were randomized to the ACA decision support tool had
greater self-confidence in their ability to participate in shared decision-making, felt
better prepared to participate in decision-making, and reported greater arthritis
self-efficacy compared to those receiving the information pamphlet. Most (74 %) of
the participants felt that the ACA task was “very easy’ to do, and 86 % would recommend
the ACA task for other knee pain patients. These results support the use of conjoint
analysis as a potential approach to elicit patients’ preferences in clinical practice.

11.3 The Analytic Hierarchy Process

The analytic hierarchy process (AHP) is a widely used, theory-based multi-criteria
decision analysis method developed in the 1980s by Thomas Saaty. It was designed
to be both applicable to a wide range of decision problems and simple enough to be
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Risk of ulcer -

Risk of stomach upset .

Improvement in strength _
Type of treatment -

0 20 40 60 80 100
Relative Influence of each Treatment characeristic

Fig. 11.2 Example of summary of osteoarthritis treatment priorities provided to patients after
performing conjoint analysis

What | think my best choice is

100

Exercise & NSAID

—— 70 Exercise

Tylenol

Injections, Capsaicin
Fig. 11.3 Example of —t— ()

treatment preference
summary provided to

patients after performing
conjoint analysis What | think my worst choice is
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readily accessible to a broad range of decision-makers. As a result, the AHP is one
of the most widely used multi-criteria methods in the world and has been successfully
applied to a wide range of decision problems (Ishizaka and Labib 2011; Ho 2008;
Liberatore and Nydick 2008; Subramanian and Ramanathan 2012; Vaidya and
Kumar 2006).

An AHP analysis consists of four steps: (1) creating a decision model, (2)
gathering pertinent information about the options being considered, (3) performing
the analysis, and (4) exploring the results.

The decision model is organized as a series of levels with the goal of the decision
at the top, the options being considered at the bottom, and the criteria that will be
used to determine how well the options are likely to meet the goal in the middle. The
AHP is flexible enough to accommodate criteria that reflect differences among the
options based on both objective data and subjective considerations. All criteria
should be independent of each other to ensure that all important decision-making
considerations are considered equally. They can be divided into one or more levels
of sub-criteria if necessary to compare the options more precisely.

Information gathering consists of collecting information that indicates how well
the options meet the decision criteria and creating data summaries for objective
criteria and descriptions for subjective ones.

The analysis phase uses the structure provided by the decision model to break
down the decision into a series of comparison sets consisting of elements (criteria
or options) on the same hierarchy level relative to one of the elements on the next
higher hierarchy level. Each pair of elements is compared in terms of their
importance, likelihood, or preference, depending on the context, using a nine-point
scale. When all of these pairwise comparisons are completed, they are combined to
derive a ratio-level scale running from O to 1. A measure of the consistency of the
comparisons called the consistency ratio is also routinely calculated. A perfectly
consistent set of comparisons has a consistency ratio of 0. The AHP does not require
perfect consistency, but consistency ratios above a certain threshold, 0.1 for technical
analyses and 0.15-0.20 for applied analyses, should be reviewed and improved if
possible. When all of the comparison sets in the model have been analyzed, they are
combined to create an overall score, also reported on a ratio scale running from 0O to
1, which indicates how well the options are likely to meet the decision goal.

The exploration stage of an AHP analysis consists of varying the comparative
preferences and priorities contained in the initial analysis to determine the impact
on the results. If further analysis is deemed important, the initial model can be
adjusted by adding or deleting criteria, options, or information and the analysis is
repeated until the decision-makers are satisfied with the analysis and comfortable
making a decision. Note that the AHP is not intended to be prescriptive. Rather it
should be considered a tool for helping decision-makers gain insight into the
problem they face, how the options differ, and their own preferences regarding
decision-related trade-offs between competing objectives.

A more complete description of the AHP is beyond the scope of this chapter;
several are available in the literature (Dolan et al. 1989; Dolan 2010; Saaty 2008;
Saaty 1994).
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11.3.1 Colorectal Cancer

Cancer of the colon or rectum, colorectal cancer (CRC), is common. Worldwide, it
is the second and third most commonly diagnosed cancer in women and men,
respectively, and, in 2012, accounted for almost 700,000 deaths (UK CR 2014).
Most colorectal cancers develop over a period of many years from asymptomatic,
noncancerous mushroom-shaped growths on the inside wall of the large intestine
called adenomatous polyps. Removing these polyps has been shown to prevent
cancer (Winawer et al. 1993). This prolonged natural history and proven early
intervention makes CRC an ideal target for screening programs that aim to identify
people at an early, asymptomatic stage of disease to prevent its progression to a more
advanced stage. Because most colorectal cancers occur in people who do not have a
family history or medical condition that increases their chances of developing it,
population-wide screening of average risk people is recommended in many countries.

Although widely recommended, there is no clearly preferred screening approach
to population-based colorectal cancer screening. Several screening tests are
available that differ across several dimensions including accuracy, complexity,
effectiveness, side effects, and cost. Some countries, such as Australia and Canada,
have chosen to implement just one screening option (Australian CRC Screening
Guidelines ; Canadian CRC Screening Guidelines). Others, such as the United
States, endorse several screening options and rely on clinicians and patients to
choose which is most appropriate (USPSTF CRC Screening Guidelines 2008).

Regardless of which approach is taken, selection of a CRC screening strategy
involves trade-offs between the advantages and disadvantages of the screening tests
available. In other words, it is a multi-criteria decision. At the time the initial US
screening guidelines were first issued in 1996, we had already shown that MCDA
implemented using the analytic hierarchy process (AHP) could be readily applied to
clinical problems and that both patients and clinicians could provide the information
needed to conduct an analysis with minimal training. Based on this preliminary
work, we conducted a series of studies to explore whether the AHP could be used at
the clinical level to help doctors and patients make colorectal cancer screening
decisions together in accordance with the guideline recommendations.

11.3.2 The Colorectal Cancer Studies

The first study was a small pilot designed to compare AHP-based decision support
with a standard patient information pamphlet. The second was a large-scale
survey designed to assess patient priorities for colorectal cancer screening
programs, explore the extent to which patients could complete a challenging AHP
analysis, and record their impressions of the procedure including the usefulness of
the information obtained and willingness to use similar procedures in the future.
Both studies were conducted when the CRC screening guidelines endorsed the
five screening strategies listed in the table below (Table 11.4).
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Table 11.4 Colorectal cancer screening options included in the analytic hierarchy process studies

Screening strategy Description

Annual stool tests Checking stool for signs of abnormal bleeding

Flexible sigmoidoscopy every 5 Examination of the lower 60 cm of the colon using a

years flexible fiberoptic scope

Stool tests and flexible Annual stool tests and flexible sigmoidoscopy every 5 years
sigmoidoscopy

Barium enema every 5 years X-ray examination of the colon

Colonoscopy every 10 years Examination of the entire colon bowel using a flexible

fiberoptic scope

11.3.3 Colorectal Cancer Study 1

The first study was a randomized controlled trial comparing an AHP-based decision
aid with educational material describing five recommended screening strategies.
The figure below shows the decision model that was used. The goal is at the top:
choose the best approach to colorectal cancer screening. The five recommended
screening programs are shown at the bottom along with a no screening “‘wait-and-see”
option. In the middle are the decision criteria that were used. They are based on
differences among the recommended screening programs that were discussed in
both the guidelines and the educational material. Three considerations — screening
frequency, preparations needed for the screening tests, and the nature of the test
procedure(s) — were combined because criteria on any level of a decision hierarchy
need to be comparable using the standard 1-9 scale. In this case, we judged that
none of these considerations by itself was of the same order of magnitude as the
other major criteria but that, when considered together, they would be (Fig. 11.4).

The study population consisted of patients at average risk of colorectal cancer
recruited from two internal medicine practices in Rochester, New York, who were
due for a screening test according to the guideline recommendations. Eligible
patients were randomly assigned to either the control group or the intervention
group and interviewed just prior to a regularly scheduled appointment with their
primary care physician. People assigned to the control group were asked to review a
short written document that described colorectal cancer and the rationale for screening
along with the recommended screening tests. Those assigned to the intervention
group, with the assistance of a research assistant, completed a full AHP analysis of
the screening decision, as described above, using a dedicated commercial AHP
software program running on a laptop computer. Both groups were encouraged to
discuss colorectal cancer screening with their physician at the upcoming visit.

The primary study outcomes were patient-reported decisional conflict and the
number of screening plans that were carried out. Decisional conflict refers to the
amount of uncertainty a person has regarding pursuing a course of action. We
assessed decision conflict using the decisional conflict scale that measures overall
decisional conflict as well as five contributing factors: uncertainty, feelings of
being uninformed, clarity of decision-related values, feelings of being supported
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Goal Best colorectal cancer

level screening approach for me

Major Prevent Minimize side Minimize false Other

Criteria cancer effects positive tests considerations

level

Sub- Screening Scr?:Sr][ing Screening

Criteria Frequency Preparation Procedure

level

Option

level Wait & Annual Flex sig Stool tests Barium Colonoscopy
See Stool Tests every 5 & Flex Sig | |enema enemy | | every 10 years

years 5 years

Abbreviation: Flex sig, Flexible Sigmoidoscopy

Fig. 11.4 Colorectal cancer screening model

by others, and a personal assessment of the effectiveness of a decision (O’Connor
1995). We hypothesized that patients in the intervention group would have lower
decisional conflict and would be more likely to complete screening plans.

Ninety-five patients completed the study, 46 (48 %) in the control group and 49
(52 %) in the experimental group. All but two patients in the experimental group
were able to complete the study intervention in the allotted 1 h time. Patients in the
experimental group had lower (better) decisional conflict scores and felt more
informed, had clearer values, and were more likely to think they had made an
effective decision than those in the control group. Patients also assigned widely
variable priorities to the decision criteria — the average range was 46 on the
100-point priority scale — and cluster analysis identified six different combinations
of priorities for the four major decision criteria (Dolan 2005). The most commonly
preferred option was combined fecal occult blood testing and flexible sigmoidoscopy,
preferred by 58 % of patients. Fewer patients in the intervention group preferred the
no screening “wait-and-see” option. Patients rated both interventions highly and
supported their use in routine clinical practice (Dolan and Frisina 2002).

11.3.4 Colorectal Cancer Study 2

The second study was designed to extend the results of the prior study by investigating
patient preferences regarding colorectal screening programs and to determine if
patients could complete a complex clinical AHP analysis with minimal training in a
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larger, more representative sample. We surveyed 484 patients at average risk for
CRC at internal medicine practice sites in Rochester New York, Birmingham
Alabama, and Indianapolis Indiana. All study patients were asked to complete an
AHP analysis of the CRC screening decision. We used the same decision model as
the first study except that we expanded the range of options to encompass the full
range of programs endorsed by guidelines current at the time of the study, a total of
ten options. Patients performed their analyses with the assistance of a research
assistant using a laptop computer running an AHP software program designed
specifically for this study.

Seventy-eight percent of study patients were able to perform a technically
adequate AHP analysis which we defined as an overall consistency ratio of less than
or equal to 0.15. The primary factor affecting the likelihood of a technically
adequate analysis was study site: rates of adequate analyses ranged from 32 % in
Indianapolis to 99 % in Birmingham. Patient characteristics including age, race,
gender, literacy, numeracy, and household income had little or no effect.

Patient preferences regarding the decision criteria were again heterogeneous.
Cluster analysis revealed six distinct preference combinations for the major criteria
and four for the logistical sub-criteria. Every decision criterion and sub-criterion
was considered most important by at least one cluster group. Major criteria cluster
groups were not associated with patient characteristics or study site. However,
patients with median household incomes <$35,000 were more likely to be in a
cluster where preventing cancer was not the most important consideration.

Patients rated their experience using the AHP highly: 92 % indicated that they
understood the decision criteria, 91 % that it was not hard to understand the pairwise
comparison process, 85 % that it was not hard to make the comparisons, and 88 %
that they were willing to use a similar procedure to make an important decision
regarding their healthcare.

11.4 Opverall Results and Conclusions

The hallmark of good clinical decision-making is the careful integration of
clinical evidence with the preferences and priorities of decision stakeholders.
The importance of evidence-based medical decision-making is widely recognized
and has been increasingly emphasized. One of the results of increased attention
to clinical evidence has been the recognition that many decisions made in
contemporary medical practice depend on preference-driven trade-offs among
several alternatives. The heterogeneity of patient preferences seen in the studies
discussed above clearly demonstrates the importance of identifying individual
patient preferences when making clinical decisions that are preference sensitive.
This realization has led to efforts to integrate patient preferences and involve
patients in decisions regarding their care through a process of shared
decision-making.

Both of these key aspects of clinical decision-making are difficult to accomplish
in clinical practice. Efforts to increase evidence-based decision-making have largely
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focused on summarizing the data available through methodologically rigorous
systematic literature reviews and the creation of practice guidelines that reflect the
strengths and weaknesses of the evidence available. Efforts to increase patient
involvement have led to the development of enhanced patient communication
formats that help patients become more involved in their care and formal decision
aids to help them understand the decision and assess their preferences and priorities.
Although great progress has been made in both of these areas, much work remains
to be done to develop effective ways to integrate these two tasks.

MCDA tools are well suited to help clinical decision-makers integrate clinical
evidence with patient preferences. Taken together, the studies reviewed here
provide evidence that patients are able to use powerful MCDA tools with minimal
training and that their use leads to an improved decision-making process. These
results illustrate the importance and usefulness of addressing clinical decisions
from a multi-criteria perspective and warrant additional development and testing of
MCDA-based methods to support high-quality, patient-centered clinical
decision-making.

However, despite promising results so far, a number of significant issues need to
be addressed before MCDA-based clinical decision-making tools can be
implemented in practice settings. Perhaps the most important is the need to
demonstrate that they provide tangible benefits for both patients and providers.
Related issues include the creation of tools that are readily adaptable for clinical use
and the development of efficient methods to maintain the currency of the evidence
included in them.

Although these concerns are far from trivial, the close match between the needs
of clinical decision-makers and the functionalities of MCDA tools, the ready
acceptance by minimally trained patients, and the rapid advances in computer and
communication technology all suggest that they are not insurmountable. We
therefore believe that MCDA-based tools will play a major role in promoting
high-quality, evidence-based clinical decision-making in the years to come.

References

Australian CRC Screening Guidelines [Internet]. [cited 4-30/15]. Available from: http://www.
cancerscreening.gov.au/internet/screening/publishing.nsf/Content/bowel-screening- 1

Bridges JFP (2003) Stated preference methods in health care evaluation: an emerging
methodological paradigm in health economics. Appl Health Econ Health Policy 2(4):213-224

Brownlee S, Wennberg JE, Barry M, Fisher ES, Goodman DC, Byrum JPW. Improving patient
decision-making in health care: a 2011 Dartmouth Atlas report highlighting Minnesota

Canadian CRC Screening Guidelines [Internet]. [cited 4-20/15]. Available from: http://www.
cancer.ca/en/prevention-and-screening/early-detection-and-screening/screening/
screening-for-colorectal-cancer/?region=bc

Dolan JG (2005) Patient priorities in colorectal cancer screening decisions. Health Expect
8(4):334-344

Dolan JG (2010) Multi-criteria clinical decision support. Patient: Patient-Centered Outcom Res
Springer, 3(4):229-248


http://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/bowel-screening-1
http://www.cancerscreening.gov.au/internet/screening/publishing.nsf/Content/bowel-screening-1
http://www.cancer.ca/en/prevention-and-screening/early-detection-and-screening/screening/screening-for-colorectal-cancer/?region=bc
http://www.cancer.ca/en/prevention-and-screening/early-detection-and-screening/screening/screening-for-colorectal-cancer/?region=bc
http://www.cancer.ca/en/prevention-and-screening/early-detection-and-screening/screening/screening-for-colorectal-cancer/?region=bc

11 Shared Decision-Making 215

Dolan JG, Frisina S (2002) Randomized controlled trial of a patient decision aid for colorectal
cancer screening. Med Decis Making 22(2):125-139

Dolan JG, Isselhardt BJ, Cappuccio JD (1989) The analytic hierarchy process in medical decision
making a tutorial. Med Decis Making 9(1):40-50

Fraenkel L, Bodardus S, Wittink DR (2001) Understanding patient preferences for the treatment of
lupus nephritis with adaptive conjoint analysis. Med Care 39(11):1203-1216

Fraenkel L, Bogardus ST, Concato J, Wittink DR (2004) Treatment options in knee osteoarthritis:
the patient’s perspective. Arch Intern Med 164(12):1299-1304

Fraenkel L, Rabidou N, Wittink D, Fried T (2007) Improving informed decision-making for
patients with knee pain. J Rheumatol 34(9):1894—1898

Ho W (2008) Integrated analytic hierarchy process and its applications-A literature review. Eur
J Oper Res 186(1):211-228

Huber J, Orme B, Miller R (2007) The value of choice simulators. In: Gustafsson A, Herrman AF
(eds) Conjoint measurement. Springer, New York, pp 347-362

Ishizaka A, Labib A (2011) Review of the main developments in the analytic hierarchy process.
Exp Syst Applic 38(11):14336-14345

Joseph-Williams N, Elwyn G, Edwards A (2014) Knowledge is not power for patients: a
systematic review and thematic synthesis of patient-reported barriers and facilitators to shared
decision making. Patient Educ Couns 94(3):291-309

Légaré F (2013) Shared decision making: moving from theorization to applied research and
hopefully to clinical practice. Patient Educ Couns 91(2):129

Liberatore MJ, Nydick RL (2008) The analytic hierarchy process in medical and health care
decision making: a literature review. Eur J Operat Res 189(1):194-207

Mulley AG, Trimble C, Elwyn G (2012) Stop the silent misdiagnosis: patients’ preferences matter.
BM1J 345:¢6572

O’Connor AM (1995) Validation of a decisional conflict scale. Med Decis Making 15(1):25-30

O’Connor AM, Wennberg JE, Legare F, Llewellyn-Thomas HA, Moulton BW, Sepucha KR et al
(2007) Toward the “tipping point”: decision aids and informed patient choice. Health Aff
26(3):716-725

Osteoarthritis [Internet]. [cited 2015]. Available from: http://www.cdc.gov/arthritis/basics/
osteoarthritis.htm

Politi MC, Street RL (2011) The importance of communication in collaborative decision making:
facilitating shared mind and the management of uncertainty. J Eval Clin Pract 17(4):579-584

Ryan M, Farrar S (2000) Using conjoint analysis to elicit preferences for health care. BMJ
320:1530-1533

Saaty TL (1994) How to make a decision: the analytic hierarchy process. Interfaces 48(24):19-43

Saaty TL (2008) Decision making with the analytic hierarchy process. Int J Serv Sci 1(1):83-98

Stacey D et al (2014) Decision aids for people facing health treatment or screening decisions.
Cochrane Database Syst Rev (1):CD001431

Subramanian N, Ramanathan R (2012) A review of applications of analytic hierarchy process in
operations management. Int J Produc Econ 138(2):215-241

UK CR. Worldwide cancer mortality statistics [Internet]. 2014 [cited 23 Apr 2015]. Available
from: http://www.cancerresearchuk.org/cancer-info/cancerstats/world/mortality/

USPSTF crc screening guidelines 2008 [Internet]. [cited 4-30/15]. Available from: https://www.
uspreventiveservicestaskforce.org/Page/Document/UpdateSummaryFinal/
colorectal-cancer-screening?2

Vaidya OS, Kumar S (2006) Analytic hierarchy process: an overview of applications. Eur J Operat
Res 169(1):1-29

Veroff D, Marr A, Wennberg DE (2013) Enhanced support for shared decision making reduced
costs of care for patients with preference-sensitive conditions. Health Aff 32(2):285-293

Wennberg JE, Fisher ES, Skinner JS et al (2002) Geography and the debate over Medicare reform.
Health Aff 21(2):10

Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, Gottlieb LS, Sternberg SS et al (1993) Prevention
of colorectal cancer by colonoscopic polypectomy. N Engl J Med 329(27):1977-1981


http://www.cdc.gov/arthritis/basics/osteoarthritis.htm
http://www.cdc.gov/arthritis/basics/osteoarthritis.htm
http://www.cancerresearchuk.org/cancer-info/cancerstats/world/mortality/
http://www.uspreventiveservicestaskforce.org/Page/Topic/recommendation-summary/colorectal-cancer-screening
http://www.uspreventiveservicestaskforce.org/Page/Topic/recommendation-summary/colorectal-cancer-screening
http://www.uspreventiveservicestaskforce.org/Page/Topic/recommendation-summary/colorectal-cancer-screening

Chapter 12

The Role of MCDA in Health Research
Priority Setting

Roderik F. Viergever, Dimitrios Gouglas, and Noor Tromp

Abstract Health research priority-setting exercises aim to maximize the impact of
investments in health research. An increasing number of priority-setting exercises for
health research have taken place in the past two decades. These exercises have been
conducted for various areas of health research and at various levels (global, regional,
national, local and institutional). In this chapter, we discuss the similarities and
differences between health research priority setting and health intervention priority
setting, and we describe the current methodologies used in health research priority
setting and the role of multi-criteria decision analysis (MCDA) therein. We provide
three concrete suggestions for future methodological development in the field of
health research priority setting: (1) recognize that many of the methodologies used to
set health research priorities apply MCDA, (2) make use of well-established
approaches or best practices for health research priority setting and (3) study in more
detail the differences between health intervention and health research priority
setting.
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12.1 Introduction

Health research! provides us with opportunities to mount a better response to health
problems. There are different types of health research, and each type offers different
opportunities for improving our responses to health problems. Research might
measure the magnitude and distribution of a health problem; help to understand the
causes of the problem; elaborate solutions; help to translate the solutions or
evidence into policy, practice and products; or evaluate the impact of solutions
(WHA document A63/22: WHO'’s role and responsibilities in health research: Draft
WHO strategy on research for health 2010). Some research takes place on an
individual level (i.e. biomedical research or clinical research); other research takes
place on a population level (i.e. epidemiological research or health systems research)
(Frenk 1993). Research that focuses on developing products can aim to develop a
variety of different products, such as devices, medicines, vaccines, procedures or
systems (Health technologies: Report by the Secretariat. World Health Organization
Executive Board document EB 121/11 2007). Every year, approximately 240 billion
US dollars are spent globally on health research (Rgttingen et al. 2013). The
challenges associated with distributing these funds in an optimal way have given
rise to the growing field of health research priority setting.

Health research priority-setting exercises are used by researchers and policymakers
to help them make choices about what health research to conduct or to invest in.
These exercises range widely in coverage (global, regional, national, local and
institutional) (Viergever et al. 2010a; McGregor et al. 2014), in scope (generalized
vs. context specific) (Baltussen et al. 2010) and in their aims (e.g. setting a ‘road
map’ for health research needs vs. prioritizing optimal investment options for
funders of health research) (McGregor et al. 2014). A large number of health
research priority-setting exercises have been conducted globally in recent years.
Two reviews from 2006 to 2008 identified 344 and 258 reports of health research
priorities, respectively (Oliver and Gray 2006; Stewart and Oliver 2008); a review
of WHO-based health research priority setting from 2009 found 230 reports of
health research priorities that were organized or coordinated through WHO
headquarters in roughly 5 years before (Viergever et al. 2010a), and a review from
2014 by McGregor identified 91 health research priority-setting exercises from
low- and middle-income countries (McGregor et al. 2014).

This chapter reviews the methodologies that have been developed to guide such
priority setting, with a specific focus on the role of multi-criteria decision analysis
(MCDA) in these methodologies. The chapter has three sections. First, to introduce
the chapter, we discuss the similarities and differences between health research

'Research is defined here as in the Frascati Manual by the Organisation for Economic Co-operation
and Development (OECD): ‘Creative work undertaken on a systematic base in order to increase
the stock of knowledge, including knowledge about man, culture and society, and the use of this
knowledge to devise new applications’ (Frascati manual: proposed standard practice for surveys on
research and experimental development 2002). Health research is defined as in the Revised field of
science and technology (FOS) classification in the Frascati Manual and includes the fields of basic
medicine, clinical medicine, health sciences, medical biotechnology and other medical sciences
(Working Party of National Experts on Science and Technology Indicators 2007).
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priority setting and health intervention priority setting. Second, we describe the
types of methodologies that are being used to set health research priorities and to
what degree these apply MCDA. From this, several suggestions follow for future
methodological development in the field of health research priority setting that we
discuss in the final section of the chapter.

12.2 What Are the Similarities and Differences Between
Health Research and Intervention Priority Setting?

12.2.1 Similarities

Health research priority setting and intervention priority setting are similar in many
ways. Both fields know a large variety of priority-setting methodologies and
contexts for which priorities can be set, for example, ranging from deliberative to
quantitative methodologies (IJzerman et al. 2014) and from generalized to
context-specific contexts (Baltussen et al. 2010). Exercises in the two fields also
share many considerations around aspects of the priority-setting process, such as the
theories that underlie the methods for priority setting (e.g. multi-attribute utility
theory), stakeholder mapping and selection, identifying and choosing criteria,
assigning weights to criteria, scoring options, aggregating scores, reaching agreement
on the final list of priorities (e.g. consensus approaches or majority rules approaches),
presenting the priorities and implementing the priorities (IJzerman et al. 2014;
Viergever et al. 2010b; Okello and Chongtrakul 2000).

12.2.2 Differences

However, there are also differences between these two areas of priority setting. The
main conceptual difference between the two is that the problem that needs to be
solved differs: prioritizing research is not the same as prioritizing interventions. In
considering the value of various research options against a set of criteria, there is
inherently more uncertainty about these values than in health intervention priority
setting, because making decisions about which research will pay off requires an
amount of future foresight. As Callahan has noted, ‘While priority setting for
health-care delivery is concerned only with meeting present needs, research aims at
future as well as present needs’ (Callahan 1999).

This conceptual difference has several practical consequences. First, the criteria
that are used to appraise the various options differ between the two fields. There is
certainly an overlap between the criteria used in both fields: both might take into
account, for example, the (expected) health impact, cost or equity of the research or
intervention options. However, other criteria differ: the expected feasibility of
development of a health technology does not apply to interventions, because they
have already been developed. The criteria that are used in both fields are listed in
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reviews of health intervention (Tromp and Baltussen 2012) and health research
(McGregor et al. 2014; Noorani et al. 2007) priority-setting exercises.

Second, because of the uncertainty associated with health research priority
setting, the manner in which options are scored against criteria is often more subjective
in health research priority setting, i.e. less directly based on data and more on
stakeholder opinion. While subjectivity is inherent to both settings to some degree
(e.g. in eliciting preferences for weights of criteria), many exercises that use MCDA
to establish intervention priorities make use of objective data to populate the
performance matrix.> Examples of such objective data about interventions are the
effectiveness of the interventions and their cost (Baltussen et al. 2006; 2007). These
data are commonly derived from the literature and may be used in mathematical
modelling estimations. When such data are not available, which might be the case
for criteria for which data are sparser and/or more difficult to quantify (such as
equity), subjective judgements are used to score the intervention options based on
the various criteria. Conversely, in health research priority setting, where objective
data to populate a performance matrix are often not available, stakeholders are
commonly presented with evidence collected prior to the exercise, but the dominant
method for scoring research options against criteria is through stakeholder opinion
(Viergever et al. 2010b).

There are several additional reasons for the use of stakeholder opinion, rather
than objective data, in health research priority-setting exercises. First, while in
health intervention priority-setting exercises, the number of intervention options
that are prioritized (e.g. interventions to combat HIV/AIDS (Youngkong et al.
2012)) is often limited; in health research, the number of options that can be
identified and prioritized is virtually unlimited. Even when the health research
priority-setting exercise is limited to one health area (e.g. HIV), and even when it is
limited to one area of research (e.g. biomedical research, clinical research,
epidemiological research or health systems research (Frenk 1993)), the options are
endless. Moreover, the level of granularity in defined research options can vary
greatly per exercise, ranging from precise research questions to broad research areas
(McGregor et al. 2014). In the aforementioned review of health research
priority-setting exercises in low- and middle-income countries by McGregor, 35 %
prioritized broad research areas, 42 % research topics and 23 % specific research
questions (McGregor et al. 2014). Additionally, in health research priority setting,
the research options are almost always identified by stakeholders during the
priority-setting exercise, while in intervention priority setting, existing options are
more often evaluated in advance (we reviewed the priority-setting studies compiled
by McGregor (McGregor et al. 2014) and found that only one used a list of
predetermined research options). The large amount of possible research options,
combined with the fact that their level of granularity is often not yet determined
prior to the exercise and that the options are mostly identified by stakeholders
during the exercise, makes it difficult to collect objective data on the various research

>The population matrix describes the performance of the options against each criterion (Baltussen
and Niessen 2006).
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options in advance to support populating the performance matrix with objective
data. It is noteworthy that while these are common aspects of many health research
priority-setting exercises, that there are also health research priority-setting
exercises where the number of options is more limited (e.g. (very) early HTAs can
help to prioritize various research options and often only have a limited amount of
options (Highlights in Early Health Technology Assessment 2011)). For these
priority-setting exercises, the use of objective data might be more feasible.

To provide some insight into the workings of health research priority-setting
exercises, we describe a case study of the development of a national health research
agenda in Papua New Guinea (Box 12.1).

Box 12.1

A case study of health research priority setting in Papua New Guinea

To exemplify the methods used in health research priority-setting exercises,
we provide a case study here of a recent exercise that developed a national
health research agenda for Papua New Guinea for the years 2013-2018
(Viergever et al. 2014). The purpose of the agenda was to inform the priorities
for a planned national health research grants programme, funded by both the
Papua New Guinea government and development partners. The development
of the agenda was led by a steering committee that was assembled by the
National Department of Health. Methodologically, the development of the
priority-setting exercise was based mainly on the ‘checklist for health research
priority setting’ and the essential national health research (ENHR) strategy.
The exercise involved two stages. In the first, four workshops were held that
each focused on a different research domain: reproductive, maternal and
child health research, communicable disease research, research on healthy
lifestyles and health systems research. For each domain, technical experts,
including policymakers, practitioners and researchers, discussed the appropriate
values underlying the exercise, decided on criteria that should be used in the
priority-setting exercise, decided on the relevant more specific research areas
under each research domain and identified 1015 research topics for each
research domain. In stage two, during one workshop, senior policymakers,
practitioners and researchers further refined these topics. They also divided
100 points over the three criteria decided upon by the groups in the first stage
to reflect their relative importance and then scored the research options against
these criteria. In addition, they were asked to provide a score for the overall
importance of each research option. Criteria-based scores and overall scores
were then combined to form a final ranking of research topics. That final
ranking was discussed and modified by the stakeholders in the meeting until
a final consensus on the research topics was achieved. After this, participants
in the meeting discussed the next steps, including the implementation of the
agenda and plans for revision.
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12.3 Health Research Priority Setting and MCDA

So, health research priority setting is similar in many ways to health intervention
priority setting, but there are also differences. In this section, we review the various
methodologies that are used to set health research priorities. To assess the degree to
which MCDA is being applied in the field of health research priority setting, we
compare these methodologies with MCDA. After that, we present an analysis of
the degree to which MCDA has been applied in a sample of health research
priority-setting exercises. In the final part of this section, we describe what the
implications are from these analyses for the links between health research priority
setting and MCDA.

12.3.1 Methodologies to Health Research Priority Setting (And
Their Link with MCDA)

12.3.1.1 Three Types of Methodologies

Table 12.1 presents an overview of the three types of priority-setting methodologies
that have been used to establish health research priorities in the past.

The first set of methodologies in Table 12.1 consists of methodologies that use
multiple criteria in their decision-making processes but that have not been labelled
as MCDA explicitly. These are all approaches that have been developed specifically
for prioritizing health research. This set contains most® of the dominant approaches
to health research priority setting: the essential national health research (ENHR)
strategy, the Child Health and Nutrition Research Initiative (CHNRI) and the
combined approach matrix (CAM) (Okello and Chongtrakul 2000; Rudan et al.
2006; The 3D combined approach matrix: an improved tool for setting priorities in
research for health 2009). These approaches are ‘comprehensive’ in that they
provide step-by-step guidance for the whole health research priority-setting process
from planning to implementation, including, for example, preparatory activities
(e.g. guidance for which stakeholders to include) and activities that come after
priorities have been established (e.g. guidance for reporting of established
priorities) (more detailed descriptions of these three approaches are provide in
Table 12.1) (Viergever et al. 2010b).

The second set of methodologies in Table 12.1 consists of several MCDA
methods that have been used to set health research priorities. The MCDA methods
that have been applied in health research priority-setting exercises are, according to
the classification of MCDA methods by Belton and Stewart (2002):

3 Another is the Priority Setting Partnerships approach, which is mentioned under the third set of
approaches, because it does not make use of multiple criteria.
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e Qualitative MCDA methods (Owlia et al. 2011; Smith et al. 2009; Hummel et al.

2000)

e Value measurement methods, which can be further subcategorized as:

— Scoring, weighted sum and linear additive models (Phelps et al. 2014; Doble
et al. 2013; Research priorities for the environment, agriculture and infectious
diseases of poverty: technical report of the TDR thematic reference group on
environment, agriculture and infectious diseases of poverty 2013; Bahadori

etal. 2011)

— Analytic hierarchy process (AHP), analytic network process (ANP) and fuzzy
AHP methods (Velmurugan and Selvamuthukumar 2012; Kahraman et al.
2014; Husereau et al. 2010; Ijzerman and Steuten 2011)

— Multi-attribute utility methods (Phillips and Bana e Costa 2007)

Table 12.1 Three types of methodologies that are used to set health research priorities

Context in which
priority setting
methodologies
are applied

Examples of specific methodologies

1. Methodologies
that use multiple
criteria (not
explicitly
classified as
MCDA)

National and
global health
research policy

Essential National Health Research (ENHR) strategy: the
ENHR approach provides an approach for national-level
health research priority setting with a strong focus on
context specificity. It is flexible and at various steps of the
priority-setting process, such as for the selection and
weighting of criteria, offers options rather than
prescriptive guidance. The ENHR strategy is commonly
used for developing national health research agendas
(Okello and Chongtrakul 2000)

Child Health and Nutrition Research Initiative (CHNRI):
CHNRI provides a method for conducting pairwise
comparisons and elimination of options that are dominated
by direct comparison, followed by scoring and weighted
sum methods for valuing and ranking the competing
options based on the relative importance of five predefined
criteria: answerability, effectiveness, deliverability, equity
and impact on disease burden. The method is commonly
used in setting priorities for specific health areas at both
the national and global level (Rudan et al. 2006)
Combined approach matrix (CAM)/CAM3D: the
combined approach matrix (CAM) mainly offers a
structured framework for the collection of information
according to several preselected criteria, including disease
burden, current level of knowledge, cost-effectiveness and
current resource flows. The method is commonly used to
set priorities for specific health areas at both the national
and global level (The 3D combined approach matrix: an
improved tool for setting priorities in research for health
2009; Ghaffar 2009).

These approaches are reviewed in the ‘checklist for health
research priority setting’ (Viergever et al. 2010b)

(Continued)
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Context in which
priority setting
methodologies
are applied

Examples of specific methodologies

2. Methodologies
that use multiple
criteria
(classified as
MCDA)

National and
global health
research policy,
pharmaceutical
R&D portfolio
management,
health-care
organization
specific priority
setting, early
HTA

Qualitative MCDA methods, such as listing/checklist
methods and group decision/team expert choice methods:
deliberative processes that use multiple criteria to inform
decisions in the presence of few discrete options and often
in the absence of clearly defined contexts or sufficient
data. Such methods have been applied in priority setting
for health research in low- and middle-income countries,
in health-care organizations and for new product
development (Owlia et al. 2011; Smith et al. 2009;
Hummel et al. 2000)

Value measurement methods, such as

Scoring, weighted sum, linear additive models: variety
of simple additive models that combine option values on
multiple criteria into aggregate values, multiplying the
value scores on each criterion by the weight of that
criterion, then adding all weighted scores together. Such
models have been applied in priority setting for new
product development, health-care organizational contexts
and research for infectious diseases of poverty (Phelps
et al. 2014; Doble et al. 2013; Research priorities for the
environment, agriculture and infectious diseases of
poverty: technical report of the TDR thematic reference
group on environment, agriculture and infectious diseases
of poverty 2013; Bahadori et al. 2011)

Analytic hierarchy process (AHP), analytic network
process (ANP) and fuzzy AHP methods: AHP structure
options into a hierarchy of an overall objective with
multiple criteria through pairwise comparisons between
options and consistency checks of stakeholder
preferences. ANP is an advanced version of AHP which
uses a network structure to value and rank options. Fuzzy
set theory can be combined with AHP for priority ranking
when data is incomplete. AHP, ANP and fuzzy AHP have
been applied in priority setting for pharmaceutical R&D
portfolio management, health research investments,
health-care organizational contexts and early HTAs
(Velmurugan and Selvamuthukumar 2012; Kahraman
et al. 2014; Husereau et al. 2010; Ijzerman and Steuten
2011)

Multi-attribute utility methods: multi-attribute utility
theory (MAUT), multi-attribute value theory (MAVT) or
multi-criteria portfolio analysis (MCPA) models aim to
rank options through use of value functions of options
against a set of multiple criteria in light of uncertainty.
MAUT has been applied in budget planning and resource
allocation in the pharmaceutical sector (Phillips and Bana
e Costa 2007)
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Context in which
priority setting
methodologies
are applied

Examples of specific methodologies

Outranking methods: direct comparison models and
cross-examining option performances, followed by
elimination of outperformed options across a set of
multiple criteria. Outranking methods have been applied
in the prioritization of contract research organizations in
the pharmaceutical industry (Varlan and Le Paillier 1999)
Goal, aspiration or reference-level methods: range of
mathematical models which focus on deriving maximum/
minimum values of options against a set of multiple
objectives or constraints (criteria). Examples of such
models include integer, multi-objective programming,
multi-objective optimization and heuristics. Their
application in health research priority setting concerns
predominantly the domain of pharmaceutical R&D
portfolio management (Hassanzadeh et al. 2014; Patel

et al. 2013; Subramanian et al. 2000; Sonntag and
Grossman 1999; Grossman 1975)

3. Methodologies
that do not use
multiple criteria

National and
global health
research policy,
pharmaceutical
R&D portfolio
management,
health-care
organization
specific priority
setting, early
Health
Technology
Assessment
(HTA), priority
setting for health
services and
health outcomes
research,
national health
research policy

Patient priority-setting partnerships: collaborative methods
bringing patients, carers and clinicians together to establish
priorities for health research, particularly for health service
and health outcome research (Cowan and Oliver 2013).
Used often in the United Kingdom for establishing national
research priorities for specific areas of health

Payback analysis: family of return on investment
methods, commonly used in setting priorities as part of
early HTA and pharmaceutical R&D portfolio
management (Chilcott et al. 2003; Fleurence 2007)

Value of information: willingness-to-pay method for
information guiding decision-making, commonly used in
setting priorities for pharmaceutical R&D portfolio
management, health services research and health
outcomes research (Claxton and Sculpher 2006; Myers

et al. 2011; 2012; Eckermann et al. 2010; Meltzer et al.
2011; Hassan et al. 2009; Schmidt 2010)

Real options: option valuation methods for capital
budgeting decisions under uncertainty, commonly used
for setting priorities in pharmaceutical R&D portfolio
management (Lo Nigro et al. 2014; Zapata and Reklaitis
2010; Johal et al. 2008; Hartmann and Hassan 2006;
Kolisch et al. 2005; Jacob and Kwak 2003; Rogers et al.
2002; Rosati 2002)

Various clinical trial simulation, investment appraisal and
threshold analyses: wide range of methods spanning from
trial design optimization techniques to horizon scanning
of trends and unexpected issues and health economic
modelling, commonly used in setting priorities as part of
early HTA and for health services and health outcomes
research (Miller 2005)
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e Outranking methods (Varlan and Le Paillier 1999)
* Goal, aspiration or reference-level methods (Hassanzadeh et al. 2014; Patel et al.
2013; Subramanian et al. 2000; Sonntag and Grossman 1999; Grossman 1975)

In contrast with the methodologies in the first set, none of these methods are
specific to health research priority setting: all are generic MCDA methods that have
been applied to establish health research priorities. Moreover, these methods are not
‘comprehensive’ priority-setting approaches: they often only provide guidance for
the decision-making process itself, while comprehensive priority-setting approaches
provide broader guidance for all steps of the priority-setting process (Viergever
et al. 2010b).

Finally, the third set of methodologies in Table 12.1 consists of methodologies
that do not make use of multiple criteria. For example, an approach that is
frequently used in priority-setting exercises for health research in the United
Kingdom, the Priority Setting Partnerships approach, only uses one, prespecified
criterion (overall importance) to appraise research options (Cowan and Oliver
2013). This set consists of methodologies that are only used in health research
priority setting (the Priority Setting Partnerships approach) as well as generic
methods for prioritizing various options (most others).

12.3.1.2 An Implicit Link Between Health Research Priority Setting
and MCDA

As noted above, this first set of approaches — consisting of many of the dominant
approaches to health research priority setting — makes use of multiple criteria, but
the explicit links between these approaches and MCDA are minimal: none of them
make any mention of MCDA. To consider whether these approaches do apply
MCDA (just without explicitly mentioning it), we have taken the key principles of
MCDA as recently proposed by the International Society for Pharmacoeconomics
and Outcomes Research (ISPOR) MCDA Task Force (IJzerman et al. 2014) and
compared these with the characteristics of these three approaches (Okello and
Chongtrakul 2000; Rudan et al. 2006; The 3D combined approach matrix: an
improved tool for setting priorities in research for health 2009) and with ‘the
checklist for health research priority setting’ (see Box 12.2), a checklist that was
developed based on a review of the dominant approaches in health research priority
setting and that describes nine ‘things to think about” when doing health research
priority setting (the checklist also makes no explicit mention of MCDA) (Viergever
et al. 2010b). The results of this comparison are described in Table 12.2, which
make clear that many of the ‘things to think about’ that the checklist for health
research priority setting describes as important are aimed at promoting the use of
criteria, structure, explicitness and transparency — the key principles of MCDA
(Viergever et al. 2010b). Many of the specific, comprehensive approaches to health
research priority setting (ENHR, CHRNI, CAM) also note to aim to enhance
systematicness, explicitness and transparency (Okello and Chongtrakul 2000;
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Rudan et al. 2006; The 3D combined approach matrix: an improved tool for setting
priorities in research for health 2009). Moreover, the common steps undertaken in
these approaches are similar to the steps taken in MCDA. In health research priority
setting, a stepwise approach is usually followed that includes (1) the identification
of health research options, (2) the (pre-)specification of criteria and their relative
weights against which the research options are appraised and (3) the assessment,
comparison and prioritization of options based on their performance against the
criteria (Viergever et al. 2010b; Okello and Chongtrakul 2000; Rudan et al. 2006;
The 3D combined approach matrix: an improved tool for setting priorities in
research for health 2009). MCDA approaches generally also follow a series of steps:
(1) the identification of options to be appraised, (2) the specification of criteria
and their relative weights against which the options are appraised and (3) the
assessment, comparison and prioritization of the options based on their performance
against the criteria (Devlin and Sussex 2011).

Therefore, while the dominant approaches in health research priority setting do
not mention to use MCDA, they do appear to adhere to the principles of MCDA and
generally follow similar steps as in MCDA.

Box 12.2
The checklist for health research priority setting

The checklist for health research priority setting (Viergever et al. 2010b)
provides guidance for planning and organizing health research prioritization
exercises and recommends that there are at least nine things to think about
when setting health research priorities:

1. Context: defining the contextual factors that underpin the priority-setting
exercise

2. Use of a comprehensive approach: deciding whether a ‘comprehensive’

approach to priority setting is appropriate

Inclusiveness: deciding which stakeholders should be involved and why

4. Information gathering: considering what information should be collected
in preparing the priority-setting exercise

5. Planning for implementation: establishing plans for translation of the
priorities to actual research (via funding and policies) as soon as possible

6. Criteria: selecting the right criteria for setting priorities

7. Methods for deciding on priorities: deciding what methods to use for
identifying research options and for arriving at priorities from a list of
research options

8. Evaluation: planning how and when to re-evaluate the established
priorities

9. Transparency: making sure to transparently report both the priorities and
the priority-setting process

22
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Table 12.2 The characteristics of several ‘comprehensive’ approaches for health research priority
setting and the ‘checklist for health research priority setting’ (see Box 12.2), assessed against the
key principles of multi-criteria decision analysis (MCDA)

According to the ISPOR
MCDA Task Force (IJzerman
et al. 2014), MCDA, as
generally understood...

In health research priority setting ...

... comprises a broad set of
methodological approaches,
stemming from operations
research

... a broad set of approaches is used. The ‘checklist for health
research priority setting” explicitly recommends using a
‘comprehensive’ approach, which are approaches that provide
step-by-step guidance for the entire priority-setting process.
Examples of such approaches include

The essential national health research (ENHR) strategy
(Okello and Chongtrakul 2000), the Child Health and
Nutrition Research Initiative (CHNRI) (Rudan et al. 2006), the
combined approach matrix (CAM) (The 3D combined
approach matrix: an improved tool for setting priorities in
research for health 2009) and Priority Setting Partnerships
(Petit-Zeman et al. 2010)

... decomposes complex
decision problems, where
there are many factors to be
taken into account (‘multiple
criteria’) by using a set of
relevant criteria

... criteria are recommended in many of these approaches, as
well as by the checklist for health research priority setting (the
exception is the Priority Setting Partnerships which does not
recommend the use of multiple criteria but uses one criterion
for overall importance). There are ten larger groups of criteria
that are typically used in health research priority-setting
exercises (McGregor et al. 2014). Different criteria can be
used in priority-setting exercises for specific types of research,
such as health technology assessments (Noorani et al. 2007)
However, priority-setting exercises only rarely use one of the
comprehensive approaches listed above — most develop their
own methods (Viergever et al. 2010a; McGregor et al. 2014).
A review from 2014 of priority-setting exercises in low- and
middle-income countries showed that 67 % of these exercises
used criteria (McGregor et al. 2014). Amongst research
priority-setting exercises organized or coordinated through
WHO headquarters, this percentage is lower (10-31 %)
(Viergever et al. 2010a)

... provides a way of
structuring such decisions and
aims to help the decision-
maker be clear about what
criteria are relevant and the
relative importance of each in
their decisions

... when criteria are used, emphasis is commonly placed on
the judgement of the decision-maker in establishing the values
or objectives of the exercise and, to a variable extent, in
identifying relevant criteria, in determining their relative
importance and in assessing the contribution of each option to
each performance criterion
Structure is provided by most comprehensive health research
priority-setting approaches by providing guidance on
Identifying the options (or alternatives) to be appraised
Identifying the criteria (or attributes) against which the
options are appraised
Considering the relative importance between the different
criteria
Assessing the performance of options against a number of
criteria
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Table 12.1 (Continued)

According to the ISPOR
MCDA Task Force (IJzerman
et al. 2014), MCDA, as
generally understood. ..

In health research priority setting ...

Moreover, if the approaches recommend a quantified process,
rather than a deliberative process (IJzerman et al. 2014), the
approaches also provide guidance on
Eliciting weights that reflect the relative importance
between the different criteria based on some sort of
preference assessment or modelling
Using a certain valuation metric to estimate values that
reflect the performance of options against a number of
criteria
Calculating the overall (weight-adjusted or unadjusted)
value of options against all the relevant criteria in a
performance matrix, supported by some sort of trade-off
analysis in order to list, rank, select or sort the various
options

... generally entails being
explicit about both the criteria
and the weights

... explicitness is a key aspect of health research priority
setting. This includes explicitness about criteria and the
weights that are used but also about the context (because it
determines aspects of the priority-setting process); which
approach is used (and why); which stakeholders are included
as decision-makers (and why); which information needs to be
collected; how the priorities will be implemented; how to
reach final agreement on priorities, such as via consensus,
pooled ranking or both (and why); and when the priorities will
be evaluated and revisited (Viergever et al. 2010b)

... facilitates transparent and
consistent decisions

... transparent reporting of both the methods (see points under
explicitness above), and the results of a health research
priority-setting exercise is considered important in most
methodologies for health research priority setting. The
checklist for health research priority setting, for example,
argues that transparency, amongst others, allows for consistent
revision of the priorities when they are evaluated (Viergever
et al. 2010b)

12.3.2 Health Research Priority Exercises and MCDA

In the previous section, we described the types of methodologies that are being used
to set health research priorities. In this section, we present an analysis of a sample
of health research priority-setting exercises. Specifically, we assessed the degree to
which MCDA methods were applied in these exercises. To do so, we assessed the
methodologies applied in the 118 studies relating to a total of 91 health research
priority exercises listed in a review by McGregor et al. (2014) for health research
priority setting in low- and middle-income countries (McGregor et al. 2014). The
large majority of these exercises did not explicitly mention to have used an MCDA
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approach: only one noted to have used MCDA. A minority of studies used a
specific, comprehensive health research priority-setting approach (24 used CHNRI,
7 used ENHR and 3 used CAM). As we established in the previous section, these
approaches do not explicitly mention MCDA but do adhere to the principles of
MCDA and generally follow the same steps as MCDA. Therefore, in this analysis
of exercises, we have considered the exercises using these approaches as applying
MCDA, only implicitly so (except in the case of two exercises that used the ENHR
method but did not describe the explicit use of criteria).
Our analysis of the 118 studies compiled by McGregor et al. showed that:

*  While only one of the 118 studies is explicitly mentioned to have used MCDA,
more than 60 % of the 118 studies applied some sort of qualitative (23 %) or
quantltatlve (39 %) form of MCDA:

— Amongst the 27 studies that applied qualitative MCDA, 15 studies applied
some sort of listing/sorting model, 5 studies applied ENHR (with use of
explicit criteria), 4 studies applied a consensus-based approach and 3 studies
applied CAM for the prioritization of research options. All studies listed the
prioritized options as their final output, without generating any values or
scores for the listed options.

— Amongst the 46 studies deploying quantitative MCDA, 31 studies deployed a
scoring, weighted sum, linear additive model (of which 7 studies used their
own scoring, weighted sum, linear additive model and 24 used a specific model
(CHNRYD)). In addition, 14 studies used a scoring model but not weighted.
Finally, one study used the nominal group technique (not weighted), making
explicit use of well-defined, multiple criteria. Almost all studies ranked the
prioritized options as their final output, using Likert and/or visual analogue
scales to measure their performance. Only one study provided a rating without
ranking the options (Lawn et al. 2007), and one additional study sorted the
prioritized options in a list without further ranking (Chapman et al. 2014).

— The remaining 45 studies (that did not apply MCDA methods) applied a wide
range of formal or less formal methods, including consultative group
processes (12%); priority listing/sorting approaches (8%); informal
consensus-based methods (7 %); ENHR with no use of explicit criteria (2 %);
stepwise approaches, i.e. combinations of literature reviews, key informant
interviews and consultative group processes (4 %); formal consensus-based
methods (e.g. the nominal group technique with no use of explicit criteria)
(3 %); survey-based methods (2 %); and concept-mapping approaches (1 %).

* As it becomes clear from the previous points, in this analysis, we did not
consider the assignment of weights to criteria a condition for MCDA. Although
in all of the studies that applied quantitative MCDA weights could have been
assigned to criteria through a simple, weighted sum approach, in order to reflect
their relative importance, 31 studies assigned weights to criteria and 15 did not.
We looked in more detail at the seven non-CHNRI studies that assigned weights
to criteria: five of these assigned equal weights to all criteria and two studies
assigned unequal weights.
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e In terms of option identification, only one study used a list of predetermined
research options (Technical workshop on setting research priorities for reproductive
health in crisis settings: Summary of Proceedings 2011). All other studies
constructed the options through similar techniques including Delphi/Hanlon
methods, consultative group processes, surveys or combinations of literature
reviews, key informant interviews and group discussions. Studies deploying the
CHNRI methodology used an outranking approach of direct pairwise comparisons
and elimination of options.

* In contrast, the majority of the studies applied predefined criteria, using either a
previously established framework (Viergever et al. 2010b; Rudan et al. 2006;
Varkevisser et al. 2003) or without specifying further. The few studies that
determined criteria as part of the priority-setting process employed a mix of
consultative group processes.

* Only one study included some form of deterministic sensitivity analysis to
address uncertainty in the priority-setting process (Madi et al. 2007). In addition,
a few studies calculated mean scores and standard deviations for the ranked
options.

12.3.3 Implications: Health Research Priority Setting
and MCDA

In our view, three conclusions follow from the two sections above that assess the
role of MCDA in health research priority-setting methodologies and exercises:

1. Many health research priority-setting methodologies and exercises adhere to the
principles of MCDA and follow the same steps as in MCDA.

2. However, many of these methodologies and exercises do not explicitly make
reference to MCDA. Particularly, many of the dominant approaches for health
research priority setting, such as ENHR, CHNRI and CAM, do not make any
mention of MCDA, while they all adhere to MCDA’s principles and propose
multi-criteria decision models for establishing health research priorities that
emphasize structure, explicitness and transparency. Moreover, in the review
by McGregor, only one health research priority-setting exercise in low- and
middle-income countries noted to have applied MCDA, while, according to our
analysis and interpretation of methods deployed, more than 60 % in fact appears
to have applied some form of qualitative or quantitative MCDA.

3. There are issues with the quality of priority-setting exercises in the area of health
research. Several reviews in health research priority setting have shown that
amongst the exercises that use multiple criteria, the degree of explicitness,
systematicness and transparency varies on a grey scale from non-existent to
highly explicit, systematic and transparent (McGregor et al. 2014; Viergever
et al. 2010b; Reveiz et al. 2013). In our own review of the 118 health research
priority-setting studies in low- and middle-income countries compiled by
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McGregor, we found that research options were not always independent, the
criteria against which options were prioritized were not always preference
independent or mutually exclusive, scoring options based on Likert and/or visual
analogue scales masked the frequent lack of objective data and validated
measurement instruments for some of the criteria considered and priority-setting
outcomes are generally not certain but the scoring models applied only rarely
dealt with that uncertainty. In the next section, we provide suggestions for how
the quality of these exercises might be improved.

12.4 Methodological Development in Health Research
Priority Setting: The Way Forward

This chapter shows that there is a wide range of health research priority-setting
methodologies and approaches that all take a different view on how health research
priorities should be set. Because of the different contexts for which health research
priorities are set (in terms of coverage, scope and aims), one best practice or gold
standard for health research priority setting is not appropriate (Viergever et al. 2010b).
However, there is consensus that health research priority-setting exercises can benefit
from process guidance and that there are at least nine aspects to any health research
priority-setting process on which such guidance is needed (see Box 12.2) (Viergever
et al. 2010b). Several recommendations follow from this chapter with regard to next
steps for guidance development in the area of health research priority setting.

First, while MCDA has become a well-recognized methodology for health
intervention priority setting (IJzerman et al. 2014), as we have shown above, explicit
reference to MCDA is almost completely absent from the methodological literature
on health research priority setting. The large majority of the health research
priority-setting exercises that have been conducted in recent years and the dominant
approaches to health research priority setting (Viergever et al. 2010b; Okello and
Chongtrakul 2000; Rudan et al. 2006; The 3D combined approach matrix: an
improved tool for setting priorities in research for health 2009; Cowan and Oliver
2013) do not make any mention of MCDA. As we have shown in this chapter, while
not all methodologies for setting health research priority setting can be classified as
MCDA, most do adhere to the principles of MCDA and follow the same steps as in
MCDA, even when they do not explicitly make mention of MCDA. The
methodological development in health research priority setting appears to have
taken place largely separately from development in the area of MCDA for health
intervention priority setting in the past two decades. This lack of explicit use of
MCDA in health research priority-setting exercises may reflect a lack of awareness
by health research priority-setting experts on the body of literature around MCDA. In
our view, it would be advantageous to bring these two bodies of literature together.
By recognizing that the dominant approaches to health research priority setting
apply MCDA, the field of health research priority setting could benefit from the
experience that has been developed with the application of MCDA, both in health
and in other areas.
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This could, for example, expand the number of methodologies and approaches
that decision-makers in health research can choose from to set health research
priorities. Moreover, more explicit use of MCDA in health research priority setting
would allow decision-makers to benefit from the guidance that has been developed
in the field of MCDA for more specific aspects of the priority-setting process, such
as on the theories that underlie MCDA (e.g. multi-attribute utility theory),
stakeholder mapping and selection, identifying and choosing criteria, eliciting
weights to address the relative importance of criteria, selecting the most appropriate
technique for scoring the options, aggregating these scores, reaching agreement on
the final list of priorities (e.g. consensus methods or majority rules methods),
presenting the priorities and implementing the priorities (IJzerman et al. 2014).

Second, in order for health research priority-setting exercises to benefit from
such methodological developments, it is important that these exercises apply
standard approaches to priority setting. Yet, several reviews, and our own analysis
for this chapter, have shown that the use of standard approaches to priority setting
israre in health research priority-setting exercises (Viergever et al. 2010a; McGregor
et al. 2014). Following best practices, such as the checklist for health research
priority setting (Viergever et al. 2010b) or one of the specific, comprehensive
approaches to health research priority setting (ENHR, CHNRI, CAM) (Okello and
Chongtrakul 2000; Rudan et al. 2006; The 3D combined approach matrix: an
improved tool for setting priorities in research for health 2009), can help health
research priority-setting exercises to adhere to the MCDA principles of structure,
explicitness and transparency. As noted by McGregor, in her review of health
research priority-setting exercises in low- and middle-income countries, “While not
consistently used, the application of established methods provides a means of
identifying health research priorities in a repeatable and transparent manner’
(McGregor et al. 2014).

Third, lessons might be learned from comparisons between the fields of health
intervention priority setting and health research priority setting, for example, by
comparing the preparatory activities that are generally conducted in these two
fields, by comparing how priority-setting methods are generally applied and by
comparing how established priorities are implemented and reported. Studying
any differences in these areas in more depth and creating further clarity on
what the two fields might learn from each other might help both fields to advance
methodologically. Particularly, the field of health research priority setting might
be able to learn from the experience that has been acquired in health intervention
priority setting with using objective data to populate performance matrices.
Although, as we have argued above, the different conceptual nature of research
priority setting necessitates a more subjective approach, there might be middle
ground that deserves to be explored more than it has been to date. In many health
research priority-setting exercises, research options are scored against criteria by
stakeholders while for some criteria, such as the burden of a particular health
problem, more objective judgements might be feasible. Vice versa, the field of
health research priority setting has developed extensive experience with the
inclusion of a wide range of stakeholders, including patients, service providers,
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researchers, policymakers and others in the priority-setting process and with
soliciting subjective judgements about the value of research options against
criteria (Viergever et al. 2010b). In areas of health intervention priority setting
where objective data are not available and which are based more on stakeholder
opinion, this experience may prove useful.
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Chapter 13

MCDA for the Development of Clinical
Practice Guidelines and for the Prioritization
Clinical Research Questions

Cheri Deal, Michele Tony, Hanane Khoury, Gihad Nesrallah,
Ahmed A. Al-Jaishi, and Mireille Goetghebeur

Abstract The current challenges facing clinicians today include the integration
of the best available evidence into their clinical care of patients and into their
prioritization of research questions still requiring answers. Multicriteria decision
analysis (MCDA) is an application of decision analytics that can provide a method
to clarify available evidence, prioritize these research questions, and support
decision-making regarding how to address most critical research needs. In this
chapter, two case studies illustrate the use of MCDA to support decision-making in
clinical research.

The first case study illustrates application of the structuring aspect of a
comprehensive MCDA framework to organize data and questions relevant to the
development of clinical practice guidelines (CPG) for a rare genetic condition,
Prader-Willi syndrome (PWS), and its complementarity with the Appraisal of
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Guidelines Research and Evaluation (AGREE) Collaboration recommendations for
CPGs.

In the second case study, application of MCDA to prioritize clinical research
questions involving dialysis for kidney failure is illustrated by two examples. The first
details a methodology to rank comparative effectiveness of research hypotheses likely
to generate most useful data for clinical practice improvement, and the second shows
its application to the identification of priorities to conduct registry-based trials.

These case studies illustrate that MCDA provides a method to structure clinical
practice guidelines and to prioritize clinical research questions, and to support
identification of the most critical needs from a holistic perspective, in order to
advance patient care. MCDA participants of the case studies presented here reported
that MCDA provided a valid, transparent, and pragmatic process to prioritize
clinical research and identify best practices to improve patient management in the
midst of scarce research and healthcare resources. Further research is warranted to
develop and integrate MCDA in clinical research and practice to contribute to better
health and sustainable healthcare.

13.1 Introduction

Clinical practice guideline (CPG) development is now viewed as generally
desirable by dispensers, users, and payers of healthcare; their principal goal is to
improve quality of care (Cecamore et al. 2011). One of the major drawbacks to the
CPG paradigm, however, is its still limited use by healthcare providers. This
reticence is based on innumerable criticisms, including an “over-rationalist model
implicit in evidence-based health care” (Gabbay and le 2004) as well as concerns
for methodological difficulties encountered during the knowledge synthesis
process, generalizability, ease of application for both practitioner and patient,
inherent conflicts of interest, and the as yet identified or unidentified gaps in our
knowledge that can make us wonder if we are missing a bigger question (Doherty
2005). Factors influencing guideline development, such as the stakeholders
involved (patients, physicians, allied healthcare professionals, industry, government)
and the cultural, social, and political context in which they will be applied, may
make a seemingly scientifically and statistically robust document less useful
(Woolf et al. 1999).

Evidence-based medicine (EBM) is the cornerstone of the CPG, and as very
succinctly put by Saarni and Gylling (2004) in their thoughtful essay, EBM guidelines
exert a “fundamental influence on certain key aspects of medical professionalism.”
This professionalism is called into question daily, for example, when the clinician is
faced with the human being sitting in her examining room with a rare disease and a
guideline putting a cost on her expensive medical intervention plan, for which a (less
than perfect) medical literature supports it as useful, as does her clinical experience.
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On a more philosophical level, does she, or should she, “rank” the implications of
her decision for this patient with those for her interventions for the other five patients
in the waiting room with the more common problems that will require short-term,
inexpensive solutions with proven good outcomes? Or should the clinician try
to explain the concept of “number needed to treat (NNT)” to the family whose
critically ill child may, but probably will not, benefit from a life-prolonging or
quality of life-improving drug? Given that the side effect profile is acceptable to the
physician and family, and that there are those for whom the drug has worked, is
NNT relevant to this patient-physician interaction? These and other ethical
challenges are becoming more prevalent as medical diagnostics and interventions
become more costly, and it appears to many clinicians that the CPG does not always
address them. And even if the professional and ethical challenges to following an
evidence-based medical practice are hopefully surmountable as EBM evolves, at the
very least, as one editorial on the subject stated, “doing EBM well—like most
worthwhile endeavors—is hard” (Smith 2004).

Over the last 12 years, in part stimulated by the EBM movement, the social
sciences have begun to study the way in which clinicians obtain knowledge and
develop their clinical method, and the term mindline has come to refer to the
“internalized and collectively reinforced tacit guidelines” that clinicians (and
patients) use in daily practice, far more than CPGs. Consider the common
occurrence of patients with several chronic illnesses, when following the three or
more CPG recommendations for each condition would become prohibitive to the
patient and likely result in vastly reduced adherence to treatments (Buffel du Vaure
et al. 2016). How are clinicians using their experience and knowledge base to come
up with a pragmatic approach to treating these complex patients? To the EBM
community, mindlines may seem akin to heresy, but they are better understood in
terms of the philosophical and theoretical framework behind the concept. The
concept speaks to the clinician, however, in that it clearly supports a need for a more
holistic view of how to approach best practice (Wieringa and Greenhalgh 2015).

The final stage of the CPG process is their dissemination and their implementation
in routine clinical practice. Much has been written about the reasons limiting CPG
use, including (but not limited to) their sometimes cumbersome use, their
perceived oversimplification of the clinical problem at hand, their potential use in
litigation and an inability to reconcile patient preferences with the guidelines
(Cabana et al. 1999). Attempts have been made to improve their use, including not
only how guidelines are derived from available data but also how the message is
packaged and presented to intended users (Kastner et al. 2015). The identification
of barriers to guideline implementation is one of the key elements of a good CPG
that is discussed in frameworks proposed to evaluate and improve CPG development
such as the Appraisal of Guidelines Research and Evaluation (AGREE)
Collaboration (http://www.agreetrust.org/). This often includes the transparent
identification and ranking of the unanswered research questions that may, in fact,
be hampering a wider acceptance of a particular clinical guideline. It is generally
felt that the quality and importance of the original research hypotheses are also a
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sine qua non of good clinical research and, hence, good clinical practice
guidelines.

With these shortcomings to EBM-driven CPGs in mind, multicriteria decision
analysis (MCDA) offers much to the clinician including a means (1) to reflect on
their intervention and to the epistemological underpinnings, (2) to consider all
aspects of the decision-making process that are important when weighing evidence
and nonevidence (i.e., the absence of evidence), (3) to structure guideline development,
and most importantly (4) to make CPGs as transparent as possible. MCDA
structures complex decision problems into a set of criteria (Chapter 4). Each criterion
of decision is weighted—a step that allows decision-makers to clarify their perspective
and values, and the performance of the intervention for each criterion is scored,
allowing an objective identification of its weaknesses and strengths. Although
MCDA may be perceived as not intuitive and potentially usurping decision-making
authority, if kept simple, it facilitates an important dialogue between end users
(patients and clinicians), clinical investigators, researchers, and payers. It also
forces decision-makers to think hard about what they value, why they value it, and
in what context they value it.

In this chapter, applications of holistic MCDA to support decision-making for
guideline development as well as to support prioritization of clinical research are
illustrated with two case studies. For the illustration of MCDA application to CPG
development, we selected EVIDEM (Evidence and Values: Impact on
DEcisionMaking) comprehensive and adaptable framework developed collaboratively
with an open source philosophy designed to stimulate reflection on all aspects of
decision and on the evidence available. EVIDEM (https://www.evidem.org/) is an
innovative, multipurpose, and pragmatic instrument which allows the synthesis of
evidence according to Health Technology Assessment (HTA) principles (Chapter 8)
and enables clarification of the different perspectives of decision-makers. EVIDEM
includes a comprehensive set of decision criteria (Table 13.1) and a step-by-step
process to synthesize and validate evidence for each criterion. Criteria of the
framework were defined based on an extensive analysis of the literature and decision
processes around the world as well as discussions with a wide range of healthcare
stakeholders. They were designed to fulfill MCDA methodological requirements
and are rooted in the ethical foundations of healthcare (providing care that matters
to the individual patient, best serving the population, sustainability). The
open-source EVIDEM tools are developed by the EVIDEM Collaboration, a
not-for-profit collaborative with members from 40 countries, translated into 11
languages and run by an international board of directors. The generic tools are
meant to be adapted to the context of applications and are used to support policy and
clinical decision-making in several regions of the world, including by the WHO.

We have purposely chosen one of the most difficult clinical challenges for this
case study: the use of growth hormone (GH) in Prader-Willi syndrome. The CPG
example we use examines an expensive treatment with potentially serious side
effects, given to children by daily injections, it involves a rare genetic condition
which limits sample sizes for clinical trials, it must recognize that the goals of
treatment differ among clinicians and among families, its levels of evidence are
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hampered by the difficulty in designing appropriate and robust clinical trials because
of the presence of important and strong confounders, and it must face many ethical
issues such as treating patients with cognitive disabilities.

For the second application of MCDA, we again use the EVIDEM decision
criteria to investigate the identification and prioritization of research projects,
explore research design, and facilitate knowledge transfer. The clinical context used
for this application was that of hemodialysis. This is another expensive but lifesaving
treatment modality for the large and growing numbers of patients with end-stage
renal failure; it carries with it significant risk of morbidity and mortality. More
recently, CPGs have encouraged the use of intensive hemodialysis, including home
intensive hemodialysis, for its cost savings and improved quality of life for patients.
However, the transfer of knowledge to clinicians and health professionals in order
to encourage and facilitate its use has been limited, in part because of missing
evidence. EVIDEM MCDA decision criteria were therefore adapted for the purpose
of prioritizing research questions relevant to intensive hemodialysis use and
employed by a panel of clinical and methodological experts to prioritize, refine, and
improve research in intensive hemodialysis.

13.2 Case Study 1: MCDA for Structuring Evidence
and Identifying Most Important Qutcomes

The development of evidence-based approaches to clinical decision-making aims
at improving medical practice and quality of healthcare services. However, lack
of scientific evidence and uncertainties around the robustness of this evidence
despite the growing volume of medical literature has hindered -clinical
decision-making (Alper et al. 2004; Ely et al. 2002). One of the main obstacles
that clinicians face is poor access to structured and comprehensive information
needed to support patient care (Ely et al. 2002). Clinical practice guidelines
(CPGs) are meant to “assist practitioner and patient decisions about appropriate
healthcare for specific clinical circumstances” (Committee to Advise the Public
Health Service on Clinical Practice Guidelines Institute of Medicine and Medicine
1990). To be more consistent and efficient, the process to generate them needs to
be systematic in its assessment of evidence and in the development of questions
and recommendations. Development of recommendations to guide clinical
practice also requires consideration of a broad range of aspects to ensure optimal
care and social responsibility (Brouwers et al. 2010; Dhalla and Laupacis 2008).
Potential intellectual or financial conflict of interest compromises CPG credibility
and usefulness (Sitges-Serra 2014). The Appraisal of Guidelines Research and
Evaluation (AGREE) Collaboration provides an instrument to address the issue of
variability in the quality of practice guidelines. Initially developed in 2003
(AGREE Collaboration 2003), it was revised in 2009 as AGREE II, with launching
of training tools and a web-based platform to facilitate the work of evidence
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reviewers (Makarski and Brouwers 2014). The tool, comprising 23 items
organized into six quality domains (scope and purpose, stakeholder involvement,
rigor of development, clarity of presentation, applicability, and editorial independence),
assesses the methodological rigor and transparency in which a guideline is
developed; AGREE is used internationally (www.agreetrust.org).

Clinical researchers and decision-makers have used MCDA as an approach to
support deliberation and simultaneous consideration of many aspects (scientific,
economic, ethical) relevant to research and decision-making (Baltussen and Niessen
2006). EVIDEM is an MCDA-based framework designed to integrate the ethical
dilemmas faced by decision-makers in balancing health of patients, health of
populations, and health of healthcare systems into a comprehensive range of decision
criteria (Goetghebeur et al. 2008, 2010). In this case study, it was selected as a
holistic structure to organize evidence for each of the criteria of the framework and
thus facilitate reflection and deliberation that took place in the development of CPG
for patients with Prader-Willi syndrome that followed the recommendations of the
AGREE Collaboration (Table 13.2). It was also selected to explore quantitatively
the relative importance of clinical outcomes that can be achieved by this treatment
in this patient population.

13.2.1 MCDA to Structure Evidence and Clinical Practice
Questions

Decision-making is particularly difficult for interventions targeting patients with
rare diseases, owing in part to the difficulties inherent in performing adequately
sized clinical trials in limited populations, confusion as to optimal outcomes needed
to ascribe efficacy, to the larger periods of time needed to ascertain safety and to the
tendency to place a higher value on treating common conditions in order to benefit
the largest number of individuals.

Prader-Willi syndrome (PWS) is a rare (1 in 20,000-25,000 births) and
heterogeneous genetic condition: it is characterized by hypotonia (decreased
muscle tone and mass), poor feeding in infancy, hyperphagia with evolving obesity,
hypogonadism (lack of sex hormones), decreased adult height, and cognitive and
behavioral disabilities. These serious and long-term health consequences stem in
part from hypothalamic dysregulation and may include growth hormone deficiency.
Treatment with recombinant human growth hormone (GH) was approved based on
short-term data reporting beneficial effects on growth and body composition.
However, GH therapy for PWS represents a unique therapeutic challenge which
includes treating individuals with cognitive disability, varied therapeutic goals that
are not focused exclusively on increased height, and concerns about potential
life-threatening adverse events (Burman et al. 2001). In this case study, MCDA was
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Table 13.2 Concurrence of EVIDEM and AGREE requirements for development of evidence-
based clinical practice guidelines: the example of guidelines for GH treatment in Prader-Willi
syndrome (PWS) (Research Trust 2016)

AGREE requirements for scope
and purpose

Consensus guidelines approach using EVIDEM

Item 1: The overall objective(s)
of the guideline is(are)
specifically described

Overall objective: to evaluate the effects of GH therapy in
pediatric and adult patients with PWS and provide
guidelines for its use

Goal: reduction of morbidity in patients affected by PWS
with the focus on specific endpoints known to be affected
by GH, including growth, body composition, physical
activity, metabolic status, cardiovascular health, bone
health, and neurological and motor development

Item 2: The clinical question(s)
covered by the guideline is(are)
specifically described

Clinical questions identified based on available evidence by
experts in relevant fields at the time of content validation
Clinical questions/points of discussion will stimulate
discussion during presentations and breakout sessions

Item 3: The patients to whom the
guideline is meant to apply are

Available evidence gathered according to the target
population, divided in two subcategories:

specifically described Pediatric patients with PWS
Adults patients with PWS
AGREE requirements for Consensus guidelines approach using EVIDEM

stakeholder involvement

Item 4: The guideline
development group includes
individuals from all the relevant
professional groups

Stakeholders involved in guidelines development included:
Experts in PWS (clinical geneticists, adult and pediatric
endocrinologists, nutritionists)

Epidemiologists
Health economists
HTA specialists
Ethicists

Item 5: The patients’ views and
preferences have been sought

An executive member of a Canadian PWS Association (lay
organization including parents of patients with PWS)
invited to participate in the workshop

Item 6: The target users of the
guideline are clearly defined

Physicians treating patient with PWS (pediatricians,
internists, endocrinologists, neurologists, orthopedic
surgeons, pulmonologists, psychiatrists)
Nutritionists, genetic counselors, physiotherapists,
occupational therapists, psychologists

Item 7: The guideline has been
piloted among target users

The guidelines sent to key professional societies for their
comments; access to all validated EVIDEM HTA reports
are available online (open source)

AGREE requirements for rigor of
development

Consensus guidelines using EVIDEM

Item 8: Systematic methods were
used to search for evidence

The approach included an algorithm for:
Databases and sources to search (Medline, Cochrane,
HTA agencies, etc.)
Keywords to identify evidence for each decision criterion

(continued)
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AGREE requirements for scope
and purpose

Consensus guidelines approach using EVIDEM

Item 9: The criteria for selecting
the evidence are clearly
described

The approach included criteria to select evidence (e.g., for
clinical data, prioritize randomized-controlled trials and
comparative observational studies)

The approach included tools for assessment of the quality of
selected studies

Item 10: The methods used for
formulating the
recommendations are clearly
described

The results of a systematic analysis of the available
scientific evidence for GH and PWS presented to
international experts in PWS, epidemiology, health
economics, HTA, and ethics in the form of online HTA for
validation

Key questions identified a priori by workshop organizers
Invited presentations by experts at the workshop followed
by discussion of key questions and formulation of resulting
recommendations

Consensus discussions involving all workshop participants
used to draft final recommendations (consensus
development)

The assessment of the extent of agreement (consensus
measurement) done using MCDA as per the EVIDEM
protocol (Goetghebeur et al. 2008)

Item 11: The health benefits, side
effects, and risks have been
considered in formulating
recommendations

The approach included systematic consideration of 21
decision criteria (see Table 13.1) including clinical criteria
such as type of benefit, efficacy/effectiveness, safety, and
patient-reported outcomes using the EVIDEM HTA report
and expert discussions

AGREE requirements for rigor of
development (cont.)

Consensus guidelines approach using EVIDEM

Item 12: There is an explicit link
between the recommendations
and the supporting evidence

The framework aligns evidence available with reflection and
discussion to reach recommendations

Item 13: The guideline has been
externally reviewed by experts
prior to its publication

The guidelines were submitted to a journal requiring
external peer review prior to acceptance for publication

Item 14: A procedure for
updating the guideline is
provided

5-10 year update planned as per guidelines for treatment
of adults (not affected by the PWS) with growth
hormone deficiency (Growth Hormone Research Society
Workshop on Adult Growth Hormone Deficiency 1998;
Ho 2007)

AGREE requirements for clarity
and presentation

Consensus guidelines using EVIDEM

Item 15: The recommendations
are specific and unambiguous

Structured HTA report permitted identification of
unambiguous and ambiguous risks/benefits of GH therapy
in PWS which facilitated the formulation of
recommendations

Areas of uncertainty clearly identified

Item 16: The different options for
management of the condition are
clearly presented

The HTA report included alternative therapies (i.e.,
nutritional, pharmaceutical, behavioral, exercise,
anorexigens)
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Item 17: Key recommendations
are easily identifiable

The final consensus guidelines organized in tables and
bullet points
Key recommendations highlighted

Item 18: The guideline is
supported with tools for
application

The guidelines are available through the Internet and
publicized through presentations at professional societies

AGREE requirements for
applicability

Consensus guidelines approach using EVIDEM

Item 19: The potential
organizational barriers in
applying the recommendations
have been discussed

Workshop presentations included discussion of healthcare
organization for patients with PWS

Item 20: The potential cost
implications of applying the
recommendations have been
considered

Economic analysis is an integral part of the EVIDEM HTA
report and was addressed by a health economist

Item 21: The guideline presents
key review criteria for
monitoring and/or audit purposes

Treatment clearly defined and key criteria for monitoring
treatment established

AGREE requirements for
editorial independence

Consensus guidelines approach using EVIDEM

Item 22: The guideline is
editorially independent form the
funding body

Private industry supporters did not participate in the writing
of the guidelines

Item 23: Conflicts of interest of
guideline development members
have been recorded

Conflict of interest statements obtained from all guideline
participants including HTA developers and available with
the online publication

first applied to facilitate systematic development of evidence-based CPGs for the
use of GH in patients with PWS (Deal et al. 2013).

An extensive literature review was performed to identify the most relevant
available evidence of GH treatment for PWS for each criterion of the framework
covering disease impact, therapeutic context, treatment outcomes (efficacy/effectiveness,
safety, and patient-reported outcomes), type of benefits, economic impact, as well as
ethical and contextual considerations. Data was organized in evidence tables and
synthesized; the level and strength of evidence were assessed using, respectively, the
Centre for Evidence-Based Medicine (CEBM) levels of evidence (Centre for
Evidence Based Medicine 2010) and EVIDEM data quality instruments. The
framework thus developed was adapted into a CPG module in which clinical aspects
are the primary focus and used to elicit questions for CPG development. An interactive
web information system was developed to facilitate the CPG process.

Based on the analysis of the literature and feedback from experts, CPG questions
reflecting current issues in management of patients with PWS were developed and
organized using the EVIDEM framework (Table 13.3). The framework was used to
organize the program of the workshop and to assign questions to CPG working groups.
A face-to-face consensus workshop was held, during which 43 international experts
and stakeholders (clinicians, patient representative, ethicist, methodologists, and
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Table 13.3 Organization of CPG questions by criteria of the EVIDEM framework (v1.1)

Clinical aspects

Intervention overview

Indication:

1. Do patients with PWS need GH testing: In infancy? In childhood? In adulthood?

2. What baseline evaluations need to be performed before GH treatment?

Intervention duration:

3. For how long should GH therapy be pursued?

4. Should treatment duration be dependent upon response?

5. Should treatment duration be different dependent upon outcome priority?
Administration/description:

6. What clinical lab tests or imaging studies need to be done to monitor treatment?

7. What doses should be used for GH therapy: In infants? In children and adolescents? In adults?
8. Is there an optimal level of circulating IGF-I to obtain with GH treatment?

9. Should GH dose be titrated to IGF-I, and if so, at what frequency?

10. What is the frequency of follow-up visits necessary to adequately monitor GH therapy?
Comparator(s):

11. What other therapies/interventions have been tried in PWS?

Decision criteria Proposed questions

Disease impact

D1—disease severity 12. What is the frequency of the various genetic subtypes
among various populations?

13. How has evolution of our genetic testing methodology
changed genetic subtype frequency?

14. Are all patients with PWS equally GH deficient?

15. Are there genotype-phenotype correlations relevant to
specific to clinical outcome measures targeted with GH
therapy? Other correlations?

16. What are the important comorbidities that need to be
considered when considering GH therapy?

17. What is the life expectancy of PWS subjects?

18. What are the major causes of death in PWS subjects?

D2—size of population 19. What is the birth incidence/prevalence of PWS?

Therapeutic context of intervention

Cl—clinical guidelines 20. Why are physicians divided in their belief about the
benefits of GH therapy?

21. What role does patient cognitive impairment play in
physician attitudes about treatment?

C2—comparative 22. For each of the other therapies/interventions tried in PWS,
interventions limitations what were the specific outcomes, the efficacy per outcome,
(unmet needs) and the safety/tolerability of the therapy/intervention?

23. What specific therapies/interventions have been tried
concomitant to GH therapy?

24. What are the nutritional recommendations for infants with
PWS, children with PWS, adolescents with PWS, and adults
with PWS?
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Table 13.3 (continued)

Intervention outcomes

I1—improvement of efficacy/ | 25. What are the most important clinical outcome priorities
effectiveness when initiating GH therapy in subjects with PWS: In infancy?
In childhood? In adolescence? In adulthood?

26. What is the best way to measure GH effectiveness on:

(a) Growth (g) Metabolic benefits

(b) Body (h) Resting energy expenditure
composition

(c) Motor (i) Cardiovascular status
development

(infants and

children)

(d) Neurological (j) Bone health

status

(e) Physical activity (k) QoL (specifically in

(f) Muscle strength intellectually disabled individuals)

27. What is the impact of other hormonal deficiencies on GH
treatment?

28. Does response to GH vary by:

(a) Age at start of (d) Degree of dietary control
treatment
(b) Dose (e) Level of physical activity
(c) Body
composition at start
I2—improvement of safety 29. What are the major serious adverse events of GH
and tolerability treatment of PWS subjects?
30. What is the evidence that GH treatment in PWS increases
the risk of:
(a) Sleep apnea (h) Edema
(b) Sudden death (i) Breast tenderness/enlargement
(c) Scoliosis (j) Risk of infection
(d) Diabetes (k) Joint pain
(e) Intracranial (1) Neoplasia
hypertension
(f) Epilepsy (m) Arterial hypertension
(g) Slipped capital (n) Stroke/intracranial bleeding
femoral epiphyses

31. What is the tolerability of GH: In published clinical trials
(dropout rates)? In patient-reported data? In phase 4 trials? In
smaller observational studies?

32. What are the main reasons given for patient withdrawal
from clinical trials of GH in PWS?

33. What is the evidence that adverse events in PWS differ from
those in patients with hypothalamic obesity secondary to
craniopharyngioma and/or its treatment?

(continued)
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I3—improvement of
patient-reported outcomes

34. What are the most significant benefits reported by patients
and/or parents after GH treatment?

Type of benefit

T1—public health interest
(e.g., prevention, risk
reduction)

35. Is there any risk reduction associated with GH treatment
in patients with PWS?

T2—type of medical service
(e.g., cure, symptom relief)

36. What are the least important, but significant, clinical
outcomes to GH therapy?

37. What known GH effects have not been adequately studied
in PWS?

Quality/uncertainty of evidence

Q2—completeness and
consistency of reporting
evidence

38. What are the confounding variables that are difficult to
control in PWS GH clinical trials?

39. What is the best way to report efficacy data according to
current recommendations and why?

40. Is there a place for a therapeutic trial of GH, and if so,
how long before assessing GH effectiveness?

41. When sources of potential study bias are considered
(adequate randomization and blinding of patients and health
professionals, adequate description of withdrawals and
dropouts, provision of intention-to-treat analysis), what
proportion of the clinical trials have a high risk of bias

(i.e., one or more of the previous criteria not met)?

Q3—relevance and validity
of evidence

42. What questions with regard to GH use in PWS require
further study?

43. What are the major research areas with regard to PWS that
need to be addressed beyond issues of GH use?

Resource allocation and ethical aspects

Overview
Economic burden of illness

44. What are the major sources of healthcare costs related to the care of patients with PWS?
45. What are the major costs of treating morbid obesity?
46. What are the major costs of treating diabetes?

Decision criteria

‘ Proposed questions

Economics of intervention

E1—budget impact on health
plan (cost of intervention)

47. What is the cost of GH treatment in patients with PWS?
48. What is the budget impact at the country level?

E2—cost-effectiveness of
intervention

49. What is the cost-effectiveness of GH treatment in patients
with PWS?

E3—impact on other
spending (e.g.,
hospitalization, disability)

50. What are the economic consequences (beyond drug cost)
of GH treatment in patients with PWS?

Ethical criteria

Etl—utility—goals of
healthcare

51. Is the use of GH in patients with PWS aligned with the
mission and scope of healthcare systems?

Et2—efficiency—opportunity
costs and affordability

52. How do we prioritize resources for PWS care, and how
does GH fit into this?

53. What benefits need to be defined to justify an indication
for GH therapy?
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Et3—fairness—population 54. Is access to GH therapy available to all PWS patients, and
priority and access if not, why?

55. Are there issues of fairness in withholding GH treatment
or in targeting specific subpopulations of PWS subjects for

GH therapy?
Overall context
Ol—system capacity and 56. How do we organize the comprehensive care of the PWS
appropriate use of patient, to optimize GH treatment and particularly to
intervention decrease/prevent potential side effects?

57. What are the evidence-based steps that are needed to
harmonize care of patients with PWS?

0O2—stakeholder pressures/ 58. Are there any pressures/barriers for the use of GH in

barriers patients with PWS?
O3—political/historical 59. Are there any specific political/historical context
context impacting the use of GH in patients with PWS?

GH growth hormone, PWS Prader-Willi syndrome, QoL quality of life

researchers) followed clinical practice guideline development recommendations
outlined by the AGREE Collaboration to develop consensus guidelines for GH
therapy in PWS (Deal et al. 2013), using a web MCDA interface to facilitate
discussion. The web site aided the entire CPG process from its preparatory stages to
the practice implementation stages by allowing:

1. Seamless access to highly synthesized evidence, detailed evidence tables and
actual publications/reports for each criterion of the framework, as well as quality
assessments of evidence

2. Access to CPG questions for each criterion

3. Access to the CPG experts for interactive online validation of evidence and
reflection on questions assigned to working groups prior to the consensus
workshop

4. Public access to all validated synthesized data on GH for PWS for each
criterion used for the CPG process under a Creative Commons license (http://
www.evidem.org/tiki/PWGHINConsensus Workshop (Collaboration 2010))

CPG question elicitation and organization were facilitated by the MCDA
framework, providing a pragmatic means to ensure systematic consideration of
evidence for a wide range of criteria and associated issues. By structuring the
discussions and deliberations and by clearly revealing current knowledge and gaps,
the framework facilitated developing evidence-based CPGs and identifying research
needed for continued improvement in management of patient with PWS.

13.2.2 MCDA to Identify Most Important Outcomes

In addition to being the most common genetic cause of morbid obesity, PWS is
characterized by poor linear growth, hypotonia, delays in developmental milestones,
reduced physical activity, and musculoskeletal problems in childhood (Butler et al.
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2006). Although GH is indicated to improve growth and body composition in
pediatric PWS patients (Australian Government Department of Health and Ageing
2008; electronic Medicines Compendium (eMC) 2011; Pfizer inc 2011), its use and
coverage in PWS treatment vary widely, reflecting a need to clarify its clinical
benefits. This is one of the most important aspects of CPG development, as
discussed in item 1 of the AGREE guidelines (Table 13.2).

The efficacy criteria of the framework were thus expanded to include specific
outcome measures of GH treatment in PWS patients, which were transformed into
the following subcriteria: growth, body composition, physical activity, metabolic
and cardiovascular status, bone health, and motor development (Question 22 in
Table 13.3). For each subcriterion, available evidence was synthesized and validated
by experts using an interactive web system which provided seamless access to
highly synthesized evidence, detailed evidence tables, and actual publications/
reports. During the consensus workshop, participants assigned weights to each
subcriterion using a point allocation technique (Dolan 2010), reflecting participants’
individual perspectives on their relative importance. Then participants assigned
scores to each subcriterion on a four-point scale (0-3) to assess the performance of
GH for PWS patients relative to each outcome, based on evidence available and
presented for each subcriterion. An MCDA value estimate was obtained using a
linear model combining normalized weights and scores to identify the most relevant
efficacy criteria for value assessment of this treatment.

Analysis of the workshop results revealed that the highest weights were assigned to
subcriteria “body composition” (24 % of points) and “physical activity” (18 % of points)

Motor
development,
16%

Growth, 17%

Bone
composition, 9%

Body
composition, 24%

Metabolism and
cardiovascular,
16%

Physical activity,
18%

Fig. 13.1 Relative importance of the different outcomes achieved by GH treatment for patients
with PWS. Weights elicited by experts using a point allocation technique are reported
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(Fig. 13.1). The weight attributed to subcriterion “Growth” received only 17% of
points; 46 % of respondents attributed <10 % of points to “Growth.” Score assignment
showed that the highest scores were given to “Body composition” and “Growth”
subcriteria (data not shown), suggesting that GH provided the highest benefit on these
outcomes. Low scores assigned to subcriteria of “metabolism and cardiovascular,”
“bone composition,” and “motor development” reflected limited GH efficacy and/or
limited data on these outcomes. Interestingly, these results are discordant with the
indication for which GH was approved for PWS in Europe and North America, namely,
mainly to promote growth and secondarily, in Europe only, body composition.
Overall, a majority of participants (70 %) reported an interest in the MCDA
exercise, either for stimulating reflection or facilitating discussion and deliberation.
This case study showed that holistic and pragmatic MCDA as purported by EVIDEM
provides a useful methodology for structuring and prioritizing clinical practice
questions and concepts, as well as for identifying most important outcomes for a
given pathology using an intuitive approach based on direct clinical experience.

13.3 Case Study 2: MCDA for Clinical Research
Prioritization

Health research prioritization is a relatively well-developed field of research with
numerous published frameworks that consider both disease/condition-related
factors (e.g., burden, unmet need) and research-related factors, including feasibility
and impact. Although many of these applications use methodologies that can be
related to MCDA, very few have explicitly applied the methodology. Viergever et al.
(2010) established a nine-item checklist for health research priority setting. Although
they did not provide an explicit set of decision criteria per se, they identified a need
to select decision criteria as part of the research prioritization process.

Several research prioritization models have been proposed that are specific to
comparative effectiveness research. Comparative effectiveness studies are designed
to compare benefits and harms of alternate treatment or diagnostic strategies and are
intended to inform individual and population-level decision-making. Consequently,
prioritization of comparative effectiveness research (CER) questions requires
due consideration of population-level impacts, including the size of the affected
population, and opportunities to alleviate disparities in health or health service
delivery. Moreover, since CER study designs can include large pragmatic trials,
prioritization efforts should consider study size, feasibility, and resource use.

To date, a number of approaches to CER prioritization have been developed in
various jurisdictions. The Federal Coordinating Council (FCC) for Comparative
Effectiveness Research (Unites States) has established a decision-making
framework for CER that includes a number of criteria (appropriateness domains) that
are specific to federally funded healthcare programs in the Unites States (Andrews
2013). Dubois and Graff (2011) developed a framework for prioritization of CER
that included 8 steps and 11 criteria including conditions-related criteria and
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research-related criteria. While this framework is comprehensive, it does not
explicitly consider the quality of generated evidence (i.e., confidence in treatment
effect estimates) or the patient importance of proposed study outcomes (e.g.,
patient-reported outcomes or outcomes identified as important by patients affected
by the target condition). Krishnan et al. (2013) identified and ranked criteria with
several groups of stakeholders to define priorities for comparative effectiveness
research in chronic obstructive pulmonary disease. The resulting criteria considered
outcomes, economic impact, and applicability/feasibility of implementation of
research findings, but did not consider feasibility of the CER project or the quality of
the resulting evidence.

As described above, the EVIDEM framework provides a holistic, ethical,
structured, and transparent process for considering a range of factors relevant to
decision-making in healthcare. Moreover, the EVIDEM Collaboration provides
(downloadable at https://www.evidem.org/evidem-framework/) customizable tools
for weighting and scoring decision criteria using MCDA with a linear model. We
therefore adapted the EVIDEM criteria for the purpose of prioritizing research
questions related to intensive hemodialysis and dialysis-related registry-based
cluster-randomized trials.

13.3.1 MCDA for Clinical Research Prioritization: Case Study
of Hemodialysis

Hemodialysis remains the most commonly used treatment for end-stage renal
disease; more than 24,000 Canadians received dialysis in 2013 (Canadian Institute
for Health Information (CIHI) 2015; Nesrallah et al. 2004; The Kidney Foundation
of Canada 2013). This treatment is associated with high morbidity and mortality
and a substantial economic burden (Nesrallah et al. 2004). A conventional dialysis
prescription is delivered over three to four sessions per week, over a duration of
3.4-5.5 h per session (Nesrallah et al. 2013). Further increasing treatment duration
and frequency to provide “intensive” hemodialysis have been shown in
observational studies to improve patient survival and other clinical outcomes,
including health-related quality of life (Canadian Institute for Health Information
(CIHI) 2015; Nesrallah et al. 2004). For logistical reasons, longer and more
frequent dialysis is more easily provided in patients’ homes, and most patients
receiving home hemodialysis receive some form of intensive hemodialysis (The
Kidney Foundation of Canada 2013). Home therapies are also considered
cost-effective and afford greater flexibility and ease of scheduling.

Efforts to increase the uptake and improve the practice of home intensive
hemodialysis regimens have led to the development of practice guidelines (Nesrallah
et al. 2013). These, in turn, have identified significant knowledge gaps in the
provision of intensive home hemodialysis, leading to calls for comparative
effectiveness studies to identify research needs and priorities (Nesrallah et al. 2013).
An international working group—the Scientific Committee of the International
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Quotidian Dialysis Registry—identified a number of research questions addressing
major knowledge gaps in home intensive hemodialysis prescription. Given the
broad range of topics identified by working group members, we developed a
transparent and structured approach to research question prioritization. While the
EVIDEM framework was originally developed for the purpose of prioritizing
candidate clinical interventions, many of the EVIDEM decision criteria are relevant
to research design (Goetghebeur et al. 2008) and could be adapted to allow
decision-makers to prioritize research projects.

We used an iterative and consultative process with a panel of clinical and
methodological experts to adapt and refine the original EVIDEM (Goetghebeur
et al. 2012) decision criteria for the purpose of prioritizing research questions
relevant to hemodialysis. The objectives were to create a tool that could simultaneously
prioritize studies of both observational and experimental designs. The resulting
framework included 11 criteria to assess the overall value of CER in improving
hemodialysis practice from a holistic standpoint. Criteria pertained to the impact,
context, and outcomes of the CER question, CER study feasibility, economics, and
implementation of study findings. Quality of evidence generated by a CER question
was also included as a criterion, with consideration of 13 subcriteria outlining the
risk of bias (the likelihood that due to limitations in execution or design of a study,
its findings deviate systematically from the truth) and precision (which typically
relates to the adequacy of the study’s sample size) (Guyatt and Busse 2011).

The working group, consisting of 28 researchers, then generated 13 candidate
CER questions, each question containing information about the population,
intervention, comparator, and outcome referred to commonly as PICO. This assumes
that a “well-built” question should include four parts that identify the patient
problem or population (P), intervention (I), comparison (C), and outcome(s) (O).
The questions were refined using a nominal group process (Table 13.4), and the
working group recommended a study design most appropriate for the research
question, considering the quality of evidence available at the time. For example, for
a CER question that had already been adequately explored using observational
designs, the working group typically recommended an experimental design as a
next step; for largely unexplored areas of inquiry, the working group typically
recommended an observational design as a first step. For each CER question, the
working group developed a one-page research proposal that included design
considerations and other information (e.g., availability of data, reliability of existing
data sources, existing funding sources, and others) that would inform the appraisal
according to the newly developed decision criteria.

As a first step, participants were asked to weight each criterion in Table 13.5,
from their own perspectives and independently from the research questions,
according to its importance in rating the CER questions. Weighting scale was 1
(low) to 5 (high). A weight of 0 was allowed if the participant thought the criterion
should not be considered. Second, for each of the research questions, participants
assigned a score for each criterion of the MCDA matrix, on a scale of 0 (worst) to 3
(best). Average overall value estimates of CER questions were obtained by
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Table 13.4 CER questions generated by participant nephrologists using PICO format

#

Questions

1

Cluster RCT: Among patients with stage III, IV, or V CKD, does a formal Independent
(home HD or home PD) dialysis selection process (e.g., MATCH-D or other decision
support tool) increase [intensive dialysis incident rate/utility/mortality] compared with no
formal selection procedures/informal modality selection methods?

Secondary objective: to determine predictors of ID use

Prospective cohort study: Among patients undergoing home HD, does scheduled
re-training/recertification reduce the incidence of complications [access-related infection/
technique failure/vascular access failure], as compared with no re-training protocol?

Prospective cohort study: Among patients undergoing frequent (five or more sessions/
week) HD, is vascular access type (CVC vs. other) associated with [mortality/technique
survival/hospitalization]?

Prospective cohort study: Among patients undergoing frequent (more than four sessions
per week) home hemodialysis with an arteriovenous fistula, is the use of buttonhole
cannulation associated with [bacteremia/mortality/hospitalization/access survival]?

Factorial (2 x 2) RCT: Among patients undergoing home HD with an AV fistula, and
using buttonhole cannulation, does the use of topical antimicrobial prophylaxis reduce the
risk of [bacteremia/mortality/access survival/hospitalization]?

Parallel RCT: Among patients with high levels of comorbidity who are failing to thrive on
conventional hemodialysis, is short-daily in-center hemodialysis associated with better
outcomes [quality of life/survival]?

Registry-based descriptive analysis: Among developed countries in which more intensive
hemodialysis is available, what are incident rates and prevalent rates for patients receiving
long hemodialysis, frequent hemodialysis, and long/frequent hemodialysis?

Retrospective cohort study: Is treatment with longer or more frequent hemodialysis
associated with better transplant outcomes [graft survival/patient survival/acute rejection]
as compared with conventional hemodialysis?

Multinational retrospective cohort study: Among countries in which longer or more
frequent hemodialysis are provided, how do patient characteristics and outcomes
compare?

10

Prospective cohort study: Among patients who are willing and able to undergo either PD
or HD as an initial modality, does the initial modality choice dictate [survival/
hospitalization/technique survival/body access complications]?

11

Prospective cohort study: Among patients undergoing longer and more frequent HD, is a
higher dialysate calcium (>1.6 mmol/L) associated with an increase in [coronary artery/
peripheral vascular] calcification? Secondary objective: Among patients undergoing longer
and more frequent HD, which factors are associated with a greater risk of developing
coronary artery calcification (e.g., preexisting calcifications, diabetes, C-reactive protein
levels, catheter use, etc.)?

12

Prospective cohort study: Among patients undergoing home hemodialysis, what are causes
of death, compared to a matched cohort on conventional dialysis?

13

Prospective cohort study: Among patients undergoing home hemodialysis, what are causes
of hospitalization, compared to a matched cohort on conventional dialysis?

RCT randomized-controlled trial, CKD chronic kidney disease, HD hemodialysis, PD peritoneal
dialysis

combining weights and scores using a linear additive model. Standard descriptive

statistics (mean, min, max) were used to assess variability across participants.
Analyses of the data collected showed that participants assigned highest

importance to the following criteria: impact on patient survival and other major
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Table 13.5 Modified EVIDEM decision criteria definitions and corresponding normalized
weights elicited using a five-point scale

Normalized
weights, mean
Cluster/criteria Definition (min, max)
Impact of CER question
Population size Relative size of population affected by proposed | 8% (0, 13)

CER question

Disease severity

Severity of disease or burden of morbidity or
disability addressed by the CER question

10% (6, 13)

Context of CER question

Unmet need CER question addresses unmet need (significant | 11 % (8, 16)
uncertainty, knowledge gap) in an identified
priority area, as determined by systematic review,
expert panel, clinical practice guideline,
consensus statement, healthcare agency mandate,
formal information need assessment, or other
systematic process
Outcomes of CER question
Impact on patient CER question has potential to impact on patient 11% (9, 16)
survival and other major | survival and other major clinical outcomes that
clinical outcomes are not considered patient-reported outcomes
Potential to reduce harm | CER question has potential to reduce harm or 9% (4, 13)
or improve safety improve safety
Impact on patient- CER question has potential impact on patient- 9% (5, 12)
reported outcomes reported outcome (QoL, function, well-being)
Quality of evidence for CER question
Potential to provide The proposed study question allows a CER study | 9% (3, 13)
estimates in which we design that has the potential to provide estimates
can be confident in which we can be confident
Feasibility of CER study
Feasibility of CER CER study is feasible (considering available data | 10% (3, 16)
question sources, data quality, study population size,
sample size requirements, enrollment rate if
applicable, investigator’s interest; cost of study/
analysis should not be considered in this
criterion)
Economics of CER study findings
Potential to result in CER study has potential to result in savings in 8% (5, 13)
savings in cost cost of intervention, other medical costs,
nonmedical costs, opportunity costs (consider
health system perspective)
Implementation of CER study findings
Feasibility of CER study | Implementation of the CER study findings is 8% (3, 10)
findings implementation | feasible (consider facilitators and barriers to
knowledge dissemination and adoption of the
recommended practice derived from evidence)
Potential to reduce Implementation of CER study findings has 7% (3, 13)

unjustified variation in

practice

potential to reduce unjustified variation in
practice

Total

100
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Fig. 13.2 Ranking of CER questions from Table 13.4. Higher average value denotes a higher rank
(error bars represent 95 % confidence intervals)

clinical outcomes (mean weight, 4.7; normalized 11 %), unmet needs (mean weight,
4.5; normalized 11 %), and feasibility of the CER question (mean weight, 4.3;
normalized 10 %) (Table 13.5). Wide weight variations across participants were
noticed on the remaining criteria.

Value estimates of CER questions, combining weights and scores assigned by
participants, varied between 48 and 73 % of maximum value on the MCDA scale
(Fig. 13.2). Highest value estimates (>70 %) were obtained for research questions
exploring the association between dialysis selection process or vascular access/
antimicrobial prophylaxis and mortality/morbidity (Q1 and QS5). Lowest value
estimates (48 %) were obtained for CER questions exploring incidence/prevalence
rates, baseline characteristics, and outcomes of hemodialysis patients (Q7 and Q9).
Ranking had excellent face validity for all criteria.

This application for home-based intensive hemodialysis shows that a holistic
MCDA approach provides a useful tool to ensure prioritization of CER questions
that provide highest benefits for improving clinical practice. Results of this ranking
process were used to prioritize research planning for the international network of
nephrologist researchers.

13.3.2 MCDA for Clinical Research Prioritization: Case Study
of Registry Trial Prioritization for the Kidney, Dialysis,
and Transplantation (KDT) Program

The Kidney, Dialysis, and Transplantation (KDT) program at the Institute for
Clinical Evaluative Sciences (ICES, Ontario, Canada) is composed of staff and
clinicians that aim to improve health and healthcare of patients with kidney disease.
The KDT program was interested in leveraging administrative data to conduct a
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cluster-randomized trial. The aim was to pursue one of five cluster RCTs in the
realm of in-center hemodialysis interventions that would have the highest impact
for reducing patient morbidity and burden of dialysis patients on the healthcare
system.

The KDT program conducted a prioritization exercise having two goals. Because
this was the first cluster-randomized trial for the program, the team wanted to
advance the most feasible and scalable trial. Secondly, the researchers wanted to
choose the project with the most pragmatic approach so they can leverage the
experience gained to conduct future trials in this area.

The team prioritized the five trials using the six criteria developed for the
hemodialysis CER case study (Table 13.6). The “impact of the CER question” criteria
were excluded in this case study because the patient population and disease process
were similar across research proposals; hence, they were not expected to vary
across this criterion. Feasibility of implementation of the intervention was added as
a separate criterion rather than including it as a feasibility subcriterion, since it was
felt to require special consideration in the context of planning cluster-randomized
trials.

The analytic hierarchy process (AHP) was used to calculate weights assigned to
each criterion. AHP is designed for situations whereby ideas, feelings, and emotions
affecting the decision process are quantified to provide a numeric scale for
prioritizing alternatives, in this case research projects (Saaty 1982).

Weights were elicited using AHP by which each criterion was ranked relative to
every other alternative criterion on a discrete scale of 1 (criteria i and j are of equal
importance) to 9 (i is extremely more important than j). A rating of 5 indicated that
i is strongly more important than j. This procedure established a 6 x 6 pairwise
comparison matrix that quantifies the decision-maker’s judgment regarding the
relative importance of the different criteria (Saaty 1982).

Researchers (n=11) were then asked to assign weights to each criterion. Relative
weights were calculated by normalizing the comparison matrix (adapted from Taha
2007; (Taha 2007) results presented in Table 13.6). The highest importance was
assigned to the feasibility (normalized 30 %), patient impact (normalized 27 %), and
implementation of intervention (normalized 24 %). Economic impact and quality of
evidence were judged to be of least importance (lowest weights at normalized 4 %
and 7 %, respectively). Consistency ratio (CR) of the comparison matrix was then
calculated (CR=0.03), providing a level of coherent judgment on the part of the
decision-maker regarding the pairwise comparison. A consistency ratio <0.1 was
considered acceptable.!

Following the weighting exercise, clinician researchers scored each project based
on the a priori selected criteria, on a scale of 0 (worst) to 3 (best). The score for each

'A CR>0.1 means there is high inconsistency and the decision-maker may need to reestimate the
importance of the criteria relative to each other. To keep consistency ratio low, some have suggested
keeping the number of criteria in a range between 5 and 9 (Saaty 1982). This suggestion is based
on our limits for processing information. From Miller’s law, it is argued that the number of unique
information an average human can hold in working memory is 7+2 (Miller 1956). Thus, if more
than nine criteria are necessary, we suggest clustering them in groups of five to nine.
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Criteria Description

Normalized
weights

Meets information Registry trial addresses unmet need (significant
need uncertainty, knowledge gap) in an identified priority
area, as determined by systematic review, expert
panel, clinical practice guideline, consensus
statement, healthcare agency mandate, formal
information need assessment, or other systematic
process

8%

Feasibility Registry trial is feasible (considering available data
sources, data quality, study population size, sample
size requirements, enrollment rate if applicable, and
investigator’s interest)

Also please consider ethical concerns, regulatory red
tape, and consent (patient vs. cluster level vs.
Ministry of Health [MOH] guidelines*)

*[f the MOH is planning on adopting the intervention
of interest regardless of the proposed trial, we may
not need to consent patients

30%

Quality of evidence The proposed study has the potential to provide
estimates in which we can be confident
(Consider precision and risk of bias and other
factors—see list below adapted from Guyatt et al.
(Guyatt and Busse 2011))*

7%

Patient impact The intervention for registry trial has potential to
improve:
(a) On patient survival and other major clinical
outcomes that are not considered patient-reported
outcomes
(b) Patient safety or reduce harm
Patient-reported outcomes (quality of life, function,
well-being)

27 %

Economic impact Registry trial has potential to result in savings in cost
of intervention, other medical costs, nonmedical
costs, opportunity costs (consider health system
perspective)

4%

Implementation of Implementation of intervention into practice is
intervention feasible considering:

Pre-study: (a) Cost of setup (hiring RC, equipment,
and training); (b) potential of outcome contamination
due to switching from intervention to control groups
Post-study: (a) Facilitators and barriers to knowledge
dissemination and adoption of the recommended
practice derived from evidence generated by registry
trial; consider risk of inappropriate information use;
(b) implementation of registry trial study findings has
potential to reduce unjustified variation in practice

24 %

Total

100
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Table 13.7 Criteria scoring and trial Trial Mean weighted score Rank

ranking Trial 1 2.4 1
Trial 2 2.2 2
Trial 3 1.9 3
Trial 4 1.5 5
Trial 5 1.7 4

criterion was multiplied by the predetermined weight to get a weighted score
estimate. The sum of the weighted scores was calculated for each alternative project;
standard descriptive statistics (sum, mean, median) were used to identify the priority
project. As shown in Table 13.7, this prioritization exercise allowed ranking of
registry trials according to their weighted scores.

The results revealed that Trials 1, 2, and 3 had the highest priority and were rated
as the most feasible projects with the highest likelihood for improving patient
outcomes. Because there is little evidence in the literature regarding the efficacy for
the intervention of Trials 4 and 5, the team felt these projects would have little
patient impact hence were giving a lower rating. Since this priority setting exercise,
the top three choices were presented to stakeholders and one of the projects
was funded to move forward. Overall, the team considered this MCDA-based
prioritization process transparent, valid, and practical.

These case studies demonstrate that MCDA can be used pragmatically to
prioritize clinical research questions. It provides a way to ensure a systematic
consideration of the relevant aspects of prioritization, with an increased awareness
of the feasibility and potential benefits with regard to the triple aim. In the current
context of limited resources and the duty to serve patients and populations while
maintaining the sustainability of healthcare systems, such approaches are poised
to advance patient care in a most meaningful way. This field of research and
application is still in its infancy and more research is needed to optimize these
approaches.

13.4 Conclusion

In clinical practice, and in the development of CPGs, clinicians have to deal with
increasing amounts of evidence while struggling to reconcile their duty to help their
patients with population needs and healthcare system sustainability. MCDA, by its
very nature, was perceived by clinicians as not only useful for structuring CPGs and
CER, since it permits an organized approach to identifying relevant questions and to
clarifying evidence, but also as extremely satisfying because of its holistic approach
to the patient. Its consideration of all relevant criteria brings the clinician back to the
modernized Hippocratic oath emphasizing the moral obligations of physicians to do
the best care possible for the patient and includes a pledge to neither subscribe to
therapeutic nihilism nor overtreatment, to further share scientific knowledge, to see
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the patient in the context of his existence, and to not fear, but admit and address,
ignorance (Sulmasy 1999). The analyses, reflections, interactions, and discussions
that such tools stimulate are a promising avenue to further improving the quality of
research that is required to continually advance care delivery.

In clinical research, investigators must consider, and make trade-offs, between
multiple and sometimes conflicting criteria that need to be structured to prioritize
the most critical research question(s) and to permit more informed funding
decisions. MCDA analytics provide the research team with the opportunity to
consider the values (or criteria) that each individual perceives as important and
provides a unique ability for researchers to consider and discuss complex trade-offs
among several options. Last but not least, it ensures that we see the patient and their
family as partners in decision-making, and helps to better define issues that matter
to patients, by ensuring that decisions, even those taken at the bedside, are rooted in
consideration of all relevant criteria (see also Chapter 11 Shared decision-making
for bedside applications of MCDA).

In conclusion, MCDA participants in the case studies presented here reported
that MCDA provided a valid, transparent, and pragmatic process to identify best
clinical practices and prioritize clinical research to improve patient health in a
climate of increasingly scarce healthcare resources. The reflective process
supported by holistic MCDA includes trade-offs that individuals have to make to
tackle ethical dilemmas, awareness of conflicts of interest, and uncertainty implicit
in rapidly evolving knowledge. This process, inherent to clinical research and
practice, brings us back first and foremost to patient needs, which are, and should be,
the ultimate purpose of clinical research and clinical practice guidelines
(Sitges-Serra 2014). It also ensures research and practice decision-making is rooted
in ethics and a deep awareness of the consequences of choices. As always, further
research is compulsory to develop and integrate MCDA in clinical research and
practice to contribute to better health and sustainable healthcare.
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Chapter 14

Using MCDA as a Decision Aid in Health
Technology Appraisal for Coverage Decisions:
Opportunities, Challenges and Unresolved
Questions

Martina Garau and Nancy J. Devlin

Abstract Existing Health Technology Appraisal (HTA) processes almost inevitably
require the consideration of multiple criteria which go beyond improvements in
patient and population health. MCDA offers a way of structuring these decision
processes and making them more transparent and consistent. Its use represents a way
of complementing and supporting deliberative processes, rather than supplanting
them. This can also assist the accountability of HTA decisions to stakeholders.

MCDA has the potential to address a number of limitations of current HTA
systems. However, its application in HTA requires careful consideration of a
number of issues, including how the decision criteria are selected and weighted;
whose values should be used; how budget constraints and opportunity costs are
addressed; and how uncertainty in evidence is handled. The way forward on
these fundamental questions will depend on the type of the decision problem
and of the objectives of the health-care system within which decisions are being
made.

There needs to be a consideration of the balance between additional
organisational costs of implementing an MCDA approach and additional benefits of
improved decision making process. Even where MCDA cannot follow ‘best
practise’, partial implementation (e.g. use of a performance matrix) may still have
the potential to improve the decision making process.
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14.1 Introduction

Many countries have developed or are in the process of developing collectively
funded health-care systems to ensure universal coverage and access to health care
for their populations (WHO 2010a). Governments increasingly face budgetary
limits on health-care spending, giving rise to a need to make difficult choices about
which health interventions should be given priority. This process, usually
controlled by third-party payers, aims at maximising the value generated by health
interventions given the available budget constraint. Historically, many
high-income countries and more recently an increasing set of middle-income
countries have established Health Technology Appraisal (HTA) processes to
identify and recommend the most valuable health interventions that should be
made available within national, or jurisdictional, health-care systems. As pointed
out by Batista and Hodge (2009):

There is no “best” model for HTA but rather different models, which may explain the
fragmented picture of HTA in some countries and the successive transformations of HTA
organizations witnessed in other countries (Batista and Hodge 2009).

HTA is a broad term that encompasses a variety of approaches: it has been
defined as a ‘multidisciplinary field of policy analysis. It studies the medical, social,
ethical, and economic implications of development, diffusion, and use of health
technology’ (The International Network of Agencies for Health Technology
Assessment, INAHTA).

Although traditionally HTA has been linked to the assessment and appraisal of
individual technologies, mainly medicines, it can be more broadly referred to as the
assessment and appraisal of any intervention used for the production of health
service. Towse et al. (2011) distinguish between:

e Technologies applied within the health-care system — a drug a device, a surgical
procedure or other medical interventions (microtechnologies).

e Organisational systems used in health care to organise access, service delivery
and payment of providers (Garrido and Rottingen 2010), such as the mix of
clinical and related workforce (macro-technologies).

e Groups of individual health interventions which are combined within a delivery
system to manage patients efficiently. This is the focus of clinical guidelines
which can bring together assessment of microtechnologies, in the way they are
used in sequence within a care pathway, and of macro-technologies, when
looking at organisational issues such as location of care.

The focus of this chapter is on applications of MCDA in HTA processes for
microtechnologies appraised individually or as a group as part of clinical
guidelines. However, this does not preclude the use of MCDA in other health-care
decision making contexts. On the contrary, we argue that MCDA can help in
considering a wider range of criteria, compared to current HTA processes, including
health system considerations, which are typically kept separated and considered in
macro-technology assessment.
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14.2 Why Do We Need MCDA in HTA?

MCDA has the potential to address a number of limitations of current HTA systems,
most importantly, being more explicit in the way multiple attributes of value beyond
improvements in health are taken into account; reflecting social values; providing
more systematic and robust ways of considering evidence from stakeholders; and
supporting the way HTA decision makers exercise judgement when making
trade-offs between multiple criteria.

HTA processes typically seek to maximise ‘value’ given limited health-care
resources.

However, what is considered to constitute ‘value’ can vary among jurisdictions.
There is general consensus that improvements in health as a result of treatment is
the most important benefit: many HTA systems have introduced highly formalised
approaches to measure changes in patient health and for choosing interventions that
are effective and provide value for money. Those systems, set up in Australia, New
Zealand, the UK, European Nordic countries such as Sweden and some Canadian
provinces, have primarily relied on the quality-adjusted life year (QALY) for
measuring changes in both length and quality of life and focused on its
maximisation in their decision making processes.

However, health-care systems face multiple objectives that go beyond
improvements in population health. For example, equity considerations, relating to
the reduction of inequitable distributions of health across different groups, may be
considered relevant. Similarly, an imperative to respond to life-threatening
situations may also merit consideration (Baltussen and Niessen 2006). As recently
recommended by the WHO, HTA can support countries towards universal health
coverage to allocate limited funds efficiently by facilitating uptake of technologies
providing good value for money and prevent uptake of less valuable technologies
(WHO 2010b).

Golan et al. (2011) report the criteria considered in different countries for
health technology prioritisation (Table 14.1). They include considerations of the
clinical benefits, efficiency, equality and other social values. The authors note that
efficiency-based criteria are common to all health systems. Yet there is a distinction
between countries that consider this explicitly — in the form of cost-effectiveness
analyses and maximisation of health outcomes given a budget constraint — and
countries that consider costs and budgetary impact without directly, or explicitly,
comparing them to the benefits accrued (Golan et al. 2011). The latter make
decisions based on a two-stage approach where an assessment of therapeutic
‘added value’ (the relative effectiveness of a new treatment compared to current
treatments) feeds into pricing and/or reimbursement decisions taken at either
national or local levels.

However, whether cost is explicitly or implicitly or ignored in HTA (e.g. as in the
USA), financial factors are ultimately unavoidable in the health-care system’s
implementation of HTA decisions. These can have a substantial impact on total
spending, resource allocation and patients’ access to health care.
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There has been growing interest in developing approaches within existing HTA
systems that could take into account multiple criteria simultaneously and in a more
systematic way (Department of Health 2010; Norheim et al. 2014). In part, this
relates to the need for HTA bodies to be accountable for their decisions, which in
turn pushes them towards being more explicit about the way competing criteria have
been taken into account.

In part, it also relates to policy debates pushing for a departure from a
QALY-driven approach (see, e.g. Kind 2015). There is growing recognition of the
need to consider outcomes beyond health outcome-related ones and explore alternative
methods to measure ‘all things that matter to patients’ (Brazier and Tsuchiya 2015).
The UK government proposal to introduce a value-based pricing system,
subsequently renamed ‘value-based assessment’ because of its potential inclusion
in the National Institute for Health and Care Excellence (NICE) process, is an
example of an attempt to complement the current system of QALY maximisation
with explicit consideration of other factors or attributes of value such as the severity
of the disease targeted by interventions (Department of Health 2010).

Similarly, the WHO highlights that current approaches for priority setting in
health care in low- and middle-income countries do not address adequately the full
range of health system objectives. Current approaches are based mainly on
cost-effectiveness analysis. There is a need for explicit recognition and consideration
of equity criteria (Norheim et al. 2014).

An example of the use of multiple criteria in a prioritisation process is that of
Thailand, where the selection of health topics for the Thai HTA body is conducted
by a panel comprising of representatives from four stakeholder groups: health
professionals, academics, patient and civic groups. The panel selects at least ten
topics yearly for assessment according to prioritisation criteria including size of
population, and impact on household expenditure if the intervention was not
included in the benefit package. In a pilot to use MCDA in this process, an ad hoc
stakeholder panel was created to assign a score from one to five to each of the six
selection criteria as shown in Table 14.2 and identified interventions deserving
further assessment and appraisal (Youngkong et al. 2012). The impact of the study
was deemed positive in terms of improved fairness and transparency of the process,
compared to the existing one which was described as ‘ad-hoc and driven by
stakeholder groups’ (Youngkong et al. 2012).

Another factor in HTA policy debate has been the involvement of a range of
stakeholders in the decision making process, including the patients who can potentially
get access to the interventions. For example, in the case of orphan drugs, it has been
recognised that the preferences of people directly affected by these rare and
complex conditions are critical to the assessment of relevant treatments. Clinicians
who deal with these conditions on a daily basis can also provide valuable insights
relating to both health and non-health gains (Sussex et al. 2013a; Paulden et al.
2015).

The inclusion of patient views represents another shift away from the
conventional QALY paradigm, which tends to focus on public preferences when
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valuing the different health states measuring health-related quality of life.! Increased
attention to patients’ preferences is also arguably consistent with conventional
welfare economics aimed at aggregating (and maximising) preferences of affected
individuals (Brazier et al. 2005).

Many HTA systems, such as NICE and the Canadian Agency for Drugs and
Technologies in Health (CADTH), do involve stakeholders in their decision making
through formalised consultation processes and participation in committees
meetings (and via the role of the Citizen’s Council). Since May 2014, the Scottish
HTA body (Scottish Medicines Consortium — SMC) has introduced the option of
forming and consulting an external panel of clinicians and patient representatives
during the assessment of medicines for rare or end of life conditions (SMC 2015).
This further stage in the HTA process allows the main committee to obtain views on
the expected benefits of new interventions that are not captured in its standard
method of assessment, mainly focused on cost per QALY. However, as noted in
Culyer (2009), consultation or commenting is different from participation in
decision making. In many HTA systems, it remains unclear how the views of
patients, clinicians and other key stakeholders influence the final decisions. MCDA
offers a way to improve the transparency and consistency of the extent to which
these stakeholders’ views are taken into account.

A final reason MCDA could be useful in HTA is that the consideration of
complex information, such as decision problems entailing multiple and conflicting
criteria, is cognitively demanding and can lead to inconsistent decision making. The
decision theory and psychological literature shows that under conditions of
complexity and uncertainty, individuals tend to rely on heuristic mental processing.
Such processing is mainly based on intuition and fragments of memory which can
lead to oversight of relevant information and cognitive biases (Gilovich et al. 2002;
Kahneman 2003; Hicks and Kluemper 2011). In the context of HTA, decisions are
made not by individuals but by committees, following a ‘deliberative process’, and
this adds a further layer of complexity (Culyer 2009). How information is used and
processed to reach a decision will be influenced by a number of factors including
group dynamics, unwritten rules and conventions about the way decisions are
reached; the chairperson’s chairing ‘style’; and how many people are on the
committee. Committees’ members are often required to review and process a large
volume of information supporting one or more than one technology, to formulate a
judgement and to reach quick decisions within committee meeting discussions. For
those reasons, Devlin and Sussex (2011) concluded that ‘the preferred options
identified by MCDA are likely to out-perform the use of intuitive judgement alone’.

MCDA can facilitate and structure individuals’ thinking on specific decision
problems and also provide an aid to support group decision making. In particular, it
can ensure that all members of decision making committees can input and
effectively contribute to the group discussion and development of the final decision.
In addition, it can help to minimise the impact of people with dominant personalities

'An exception is the Swedish approach to HTA, which stipulates a preference for using patients’
‘experience-based’ values, rather than those of the general public, in the valuation of quality of life.
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or chairing styles who can potentially drive the group discussion and formation of
people’s preferences.

In summary, MCDA has the potential to improve decision making in HTA by
improving its transparency and consistency. It can also address a number of
limitations specific to the current HTA decision making processes, such as the
consideration of a composite measure of benefit; improving stakeholders’
involvement, and supporting individual and group exercise of judgement.

This may be related to recognised frameworks setting out the conditions
necessary for a ‘legitimate’ decision making process. MCDA can help HTA to meet
two conditions of the accountability for reasonableness (A4R) framework (Norman
and Sabin 2008)? as it provides a structure to develop or adapt criteria relevant to
stakeholders (the ‘reasonableness condition’) and could improve clarity on the way
evidence and other factors taken into account are presented to outside observers (the
‘publicity condition”’).

In the rest of this chapter, we will explore a number of issues to be considered
before introducing MCDA in HTA. They are summarised in Table 14.3 and
addressed in the following sections.

14.3 Do the Criteria and Weights Need to Be ‘Fixed’
in Order to Provide Consistency Between HTA
Decisions?

In some types of health-care decisions (e.g. the European Medicines Agency
exploratory use of MCDA to assess the benefits and risks of new medicines — see
Phillips et al. 2011), it is arguably appropriate to choose both the criteria and the
weights to be used on a case-by-case basis. The specific types of benefits and risks
will be different in each case, and the key aim of benefit risk assessment (BRA) is
to establish the balance of benefits and harms for each technology. In contrast, there
is an argument for all HTA decisions to employ a fixed set of criteria, given that
each decision affects the same limited budget. Every HTA decision has an opportunity
cost — and the metric in which benefits lost are measured needs to be the same as
the metric in which benefits obtained are measured, in order to facilitate a weighing
up of benefits and costs. If different criteria are used, or the same criteria with a
different weight on each, on a case-by-case basis, this could obfuscate a consistent
assessment of value for money. In effect, it changes the definition of the maximand
at each and every decision point, such that achieving allocative efficiency is
difficult.

2 “The A4R framework consists of four conditions: process must be public (fully transparent) about
the grounds for its decisions; the decision must rest on reasons that stakeholders can agree are
relevant; decisions should be revisable in light of new evidence and arguments; and there should
be assurance through enforcement that these conditions (publicity, relevance, and revisability) are
met’ (Norman and Sabin 2008).
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Table 14.3 Overview of key issues when using MCDA in HTA

Options

Issues for consideration

Criteria and
weights to be
fixed?

1. Established in
advance; the same across
all decisions

2. Chosen on a case-by-
case basis and varying
across technologies or
disease areas

1. Allows using same metric to measure lost
and added benefit; consistent consideration of
all criteria

2. Flexible approach. However it can hinder
systematic consideration of all criteria and
predictability of decision making

Whose criteria?

1. Current HTA bodies’
criteria

2. Members of an HTA
committee on behalf of
the health system

3. Reflect views of the
general public

1. Assumption is that there is a mandate for
those

2. Involvement of health system budget
holders can encourage alignment of objectives
across various health system decision makers
3. Reflecting taxpayers/potential health
system users’ views

Whose preferences
for weighting the
criteria?

1. Any stakeholder as
defined by the decision
maker

2. Members of an HTA
committee

3. Members of the
general public

1. In line with extra-welfarist foundation of
HTA. However, variations of stakeholders
among diseases might require flexible weights
2. Pragmatic approach which can avoid
conducting large preference-based studies

3. Consistent with the approach taken to
valuing QoL in QALY's

How to factor in
opportunity costs?

1. Separate criterion for
cost

2. Composite measure of
(net) benefits to be
weighed-up against (net)
costs

1. Risk of overlap with other criteria (e.g. cost
and cost-effectiveness)

2. Requires setting an acceptable ‘cost per
incremental benefit/point score’

How can
uncertainty be
addressed?

1. A separate, distinct
criterion for uncertainty
2. Sensitivity analysis
techniques

1. Measuring and valuing such a criterion
present challenges. Different criteria can be
associated with different types and degrees of
uncertainty

2. Ensures that sensitivity to assumptions
about key aspects of evidence is taken into
account. However, it leaves open the question
of how results of sensitivity analyses should
affect decisions

Those issues have been recognised by both supporters and critics of MCDA as a
guide to health-care decision makers. “Without a proper assessment of the other
attributes of benefit forgone, decisions may reduce both health and the other
attributes of benefit that originally motivated the use of MCDA. Therefore, the task
of conducting MCDA correctly is considerable and it should not be regarded as a
simple alternative to cost effectiveness analysis (CEA) as the same issues and
methods apply except that, for MCDA, other attributes of benefit are considered in
addition to health outcome (Peacock et al. 2009). If not done properly, instead of
making decisions that improve a composite measure of benefit, which better
represents society’s preferences, it may actually reduce it’ (Claxton et al. 2015)
(cited in Drummond et al. 2015).
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This same argument may not apply with as much force where HTA purposely
does not take costs into account. For example, in the USA, the focus of HTA is on
establishing the relative effectiveness of new health-care technologies, rather than
cost-effectiveness. In these circumstances, each decision is in effect a one-off case,
where what constitutes relative effectiveness and how it is measured might
plausibly differ from technology to technology. However, even in such cases, the
decisions made as a result of these HTA process will inevitably have implications
for budget impact, resource allocation and spending on health care. Avoiding the
consideration of costs in HTA simplifies the HTA process — but risks extending
coverage to technologies which are poor value for money and passing on efficiency
issues for decisions for insurers and providers of health care to manage or patients
and the public via co-payment and premium insurers.

14.4 Whose Criteria?

One option is to use the criteria which HTA bodies say that they currently use,
assuming they have some legitimacy. Alternatively, where an HTA system shifts
from a purely deliberative process to an MCDA process and is therefore going to be
more explicit about the criteria it uses (such that it will be able to be held to account
for decisions), it may wish to revisit its criteria.

Where criteria come from in part relates to the wider question of whose views
and opinions are considered relevant in decision making. For example, should the
criteria come from the collective expertise of the members of an HTA committee,
acting on behalf of the National Health System (NHS)? Should the health-care
system whose budgets and health-care delivery mechanisms are affected by HTA
decisions be given a say on what criteria to use, so that HTA and health-care
system objectives align? Involving health-care budget holders in the selection of
criteria to use in HTA could overcome the problem of there being a disjunction
between the ‘maximands’ from the perspective of different parts of the
health-care system. For example, Shah et al. (2012) and Karlsberg Schaffer et al.
(2015) point out that whilst NICE’s process assumes that the principal objective
of health care is to maximise QALYs, this is out of keeping both with the
objectives of the Department of Health and with the decisions being made in local
NHS organisations in England. If HTA bodies are acting as agents (in principal-agent
terms) for the health-care system, then there is an argument for the HTA body
consulting closely with the health-care system regarding the choice of criteria,
rather than selecting them independently of the organisations whose budgets are
effected by their recommendations.

A further alternative is to seek input from the general public — as taxpayers and
potential patients. For example, the Oregon Health Services Commission undertook
an extensive consultation with the public during the establishment of its
‘experiment’ with prioritisation (Kitzhaber 1993). A similar process could inform
the selection of criteria for HTA — which could aid the legitimacy of decisions.
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14.5 Whose Preferences Should Be Used in Weighting
Criteria?

A related question is whose preferences should count in weighting the criteria.
Again, there is no single ‘correct’ answer to this question: it will depend on the
nature of the health-care system in each case, which is in turn a product of the
cultural and sociopolitical context. As noted above, in repeated HTA decisions that
affect a single, fixed budget, there is an argument to be made for using identical
criteria, identically weighted, in order to facilitate the pursuit of allocative
efficiency. It is less clear that this same consideration applies where HTA focuses on
effects and benefits, rather than addressing cost. Although, as economists, where
budgets are fixed, we would argue that thinking about allocative efficiency and
opportunity cost should always be the cornerstone of HTA.

The theoretical foundations for HTA have relatively little to say on this matter
of whose weights should be used in an MCDA. The use of cost-effectiveness
analysis in health care (manifested as cost per QALY) rests on the theory of
extra-welfarism, and this arguably also provides the theoretical foundations for
extending the formal consideration of other criteria via MCDA. Broadly speaking,
extra-welfarism represents a rejection of welfarism, and cost-benefit analysis, as a
basis for making public choices, on the grounds that these rely on utility.
‘Extra-welfarists’ (a.k.a non-welfarists), notably Sen (1977), argue that utility is
fundamentally flawed as a basis for social choices. In health care, extra-welfarists
argue that things other than utility should therefore be taken into account (Culyer
1991). In practice (rather than as any theoretical requirement of extra-welfarist
theory), this has manifested itself as cost per QALY, where the QoL weights in
QALYs come from members of the general public. It is important to note that other
approaches would be entirely consistent with the extra-welfarist foundations of
HTA, as pointed by Morris et al. (2007):

It is important to note that what has become the orthodox approach to economic evaluation
under extra-welfarism has emerged through practice rather than being required by it as a
normative framework.

Culyer (2012) notes that in extra-welfarism:

...any number of stakeholders might be regarded as the appropriate source of different
values. (Culyer 2012)

Sources of values might appropriately come from:

‘...an authority (decision makers, wise women, the general public, an elected or appointed
committee, a citizen’s jury, or some other organ)’ and whilst ‘...economists may be able to
derive values from experimental groups or samples of the relevant population through
modern methods for eliciting preferences...the choice about which groups to sample are
not normally for the analyst to make but for the ultimate decision maker, advised by the
analyst’. (Culyer 2012)
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This is also a feature of early writings on resource allocation in health care by
Alan Williams, which refer to extra-welfarism as ‘the decision makers’ approach’.
Under this pragmatic approach, it is possible for values (such as QoL weights) to
come from the decision makers themselves (‘postulated values’) (Williams 1972,
cited by Sugden 2008). This in turn would suggest some legitimacy, in MCDA
approaches to HTA decision making, in using the views and preferences of decision
makers (i.e. committee members — e.g. via ‘decision conferencing’ — Phillips 2007)
in weighting criteria.

In contrast, Claxton and Devlin (2013) (in a briefing paper commissioned by
NICE for its 2013 methodology review) note the parallels between the arguments for
using MCDA methods in HTA, the methods used to value the EQ-5D — which
comprises multiple criteria of Health-related quality of life (HRQoL) — and methods
relating to which are already a standard part of HTA at NICE (NICE 2013). The
widespread acceptance and active promulgation of stated preference methods to
weigh HRQoL in the EQ-5D, drawing on the preferences of representative samples
of the general public, might be considered to set a precedent. The normative position
behind the decision to base these weights on the views of the general public is that
these are the taxpayers and potential patients, valuing hypothetical health states
behind a ‘veil of ignorance’.

That same rationale arguably also applies to the weighting of multiple criteria in
the HTA decision making process. This would imply that implementing an MCDA
approach to HTA in such a situation would make use of information on the relative
weights on the criteria derived from the general public (e.g. via a discrete choice
experiment).

Where the normative rationale for deciding whose views should count in
determining MCDA criteria and weights is not clear, multiple stakeholder
perspectives may be indicated (as suggested by the reasonableness condition of the
A4R framework). However, this raises two issues. The first relates to the variation in
relevant stakeholders, such as patients, among different diseases, which would
require flexible weights. Arguably, patients might differ in their willingness to trade
off increases in one measure of benefit against the others depending on the disease
with which they are affected. For example, patients with rare conditions are likely to
assign more importance to criteria relating to the nature of the disease being treated
than those concerning the effectiveness of the new medicine (Sussex et al. 2013a).

A related issue is that the weights that may arise from different standpoints —
HTA committee members, the general public, clinical experts and patients — may
vary substantially or at least to such an extent that the decisions arising from an
MCDA process are materially affected. MCDA can help to understand whether
using different weights has a significant impact on the aggregate measure of benefit
driving the decision or not. In cases where there are widely differing views on the
weights — potentially leading to different possible outcomes of the decisions — that
information can be taken into account as part of the evidence considered by a
decision making committee. This highlights another important feature of MCDA
which is to hear and reflect the voice of all participants.
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14.6 Can MCDA Incorporate the Concept of Opportunity
Cost of New Technologies?

As noted earlier, the remit of HTA bodies varies from jurisdiction to jurisdiction.
Depending on the type of health system the HTA body operates in, different types
of decision problems are addressed by HTA. For example, some systems involving
patient co-payment decisions (such as France and Italy) are primarily focused on
defining the level of reimbursement, in which case different MCDA total benefit
points might be associated with different degrees of reimbursement.

In other cases (such as Israel), the decision making committee reviews a basket
of new technologies at one point in time each year based on the total available
budget. The Oregon Health Services Commission looked at all condition/treatment
pairs, ranked these in terms of their cost-effectiveness (and later just in terms of
their effectiveness) and used that to decide a cut-off point, below which treatments
were not funded.

In any resource constrained health system, there is a need to have a value for
money benchmark or decision making rule that can ensure efficient resource
allocation. In health systems with a fixed budget, the HTA process explicitly
recognising the trade-off between costs and benefits and a cost-effectiveness
threshold representing the opportunity cost of adoption is often used. It is worth
noting that the notion of fixed budget does not always hold and in some cases an
increased demand of resources is met, for example, via an increased expenditure in
health (Karlsberg Schaffer et al. 2016).

If multiple dimensions of values are considered, the opportunity costs ought to
be measured based on the same metrics used to measure those dimensions of value.
In other words, there is a need to consider the unit of the attributes of value or
MCDA criteria that would be assumed to be foregone elsewhere in the system if a
new treatment is implemented. In this way, all the benefits lost and potentially
produced as a result of implementing a new intervention can be compared to make
a decision.

As explained in Sussex et al. (2013b):

In the case of the MCDA approach, the weightings applied reflect relative willingness to
pay for value, but an ‘anchor’ is needed to understand the opportunity cost, i.e. what in
absolute terms is the hurdle for adoption. (Sussex et al. 2013a, b)

Other dimensions that might be relevant to the use of the threshold and to the
budget constraint are the extent to which there is a devolution to local jurisdictions
or regions in the management of the health budget and reimbursement decisions (as
in Spain and Italy) and the type of financing system (tax funded with a single payer
vs insurance-based/Bismarck systems with multiple payers).

Currently, available MCDA frameworks or software only partially address the
issue of opportunity cost. For example, EVIDEM (2015) integrates cost as a distinct
attribute (or criterion) of value. However, careful definition of such a criterion is
needed to avoid overlapping with other criteria (e.g. if the framework includes both
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cost and cost-effectiveness), and guidance is needed to identify what constitutes
good value for money.

In the MCDA framework such as 1000minds® (Golan and Hansen 2012), all
incremental benefits are combined into a point score, reflecting the relative
importance of each criteria and the degree of achievement of the intervention,
compared against the total net costs to the health care system and used to inform
resource allocation decision making based on the development of efficiency
frontiers. However, in both approaches described, there is a need to identify the
‘hurdle for adoption’ (e.g. a cost per incremental point score) for repeated HTA
decisions affecting a single, fixed budget.

There is substantial controversy, regarding, conceptually:

e What the cost-effectiveness threshold ‘means’: marginal cost of a QALY
foregone, marginal cost of a QALY gained or maybe marginal willingness to
pay — or marginal willingness to accept — QALY's gained/lost (Mason et al. 2008;
Donaldson 2011; Culyer et al. 2007; Karlsberg Schaffer et al. 2015; Appleby
et al. 2009)?

e How to measure the cost-effectiveness threshold. For example, in the UK,
Claxton et al. (2015) developed a ‘top-down’ approach, finding the ‘average cost
per QALY’ in the NHS. Alternatively, ‘bottom-up’ approaches look at specific
cost per QALY of specifically displaced services (Peacock et al. 2009).

Locating the threshold, defined in simple cost per QALY terms, has proved
difficult. On one hand, one can argue that extending the attributes of value to
consider in resource allocations could make the definition of the threshold even
more complicated. This is probably why, in many systems, ‘softer’ attributes or
criteria are not quantified and are incorporated via deliberative processes. On the
other hand, the fact that there are so many methodological issues with the definition
and the estimation of the cost-effectiveness threshold — and a relatively small
evidence base to support the choice of a threshold — suggests MCDA could provide
an opportunity to better define the resource allocation decision problem.

14.7 How Can Uncertainty Be Addressed in MCDA
Approaches to HTA?

In current HTA systems, the consideration of how robust are expected values of cost
and/or effectiveness provided to the decision maker to changes in model parameters
generally plays an important role. In particular, decision makers are interested in
understanding how confident they can be that the decision they are reaching is the
‘right’” one. For example, the latest NICE guide to methods states that:

It is important for the model to quantify the decision uncertainty associated with a
technology (that is, the probability that a different decision would be reached if the true cost
effectiveness of each technology could be ascertained before making the decision). (NICE
2013)
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MCDA approaches generally explore sensitivity analysis at the end of the
decision making process to see if variations in criteria, scores or weights affect the
decision outcome. There are a number of sensitivity analysis approaches presented
and discussed in the literature showing how to explore the magnitude and impact of
uncertainty on the final outcome of the MCDA processes (see Thokala and Duenas
2012; Broekhuizen et al. 2015; Chapter 5 of this book). However, there is a lack of
guidance or explicit statement on how that should inform decision making. This is
because the acceptable level of uncertainty is a matter of judgement and therefore
will vary depending on the context of the decision making. As with other criteria,
most HTA systems allow considerable discretion to committees to decide on the
appropriate level of acceptability which could therefore vary from decision to
decision.

As compared to some existing HTA systems, where the focus is on clinical
benefits/effectiveness and costs, decision makers using an MCDA approach
potentially face higher degrees of uncertainty given the multiple benefit attributes
included which all need evidence to determine estimates. In addition, in an MCDA
approach, different types of uncertainty (such as parameter uncertainty) might need
to be explored for both criteria weights and performance scores (Broekhuizen et al.
2015).

The consideration of uncertainty of performance scores is more similar to some
existing HTA systems where uncertainty is quantified, although in MCDA
processes there is also an element of preference elicitation scores based on the
relevant evidence (presented in the performance matrix, Thokala et al. 2016). The
probability that a technology is less effective than expected can be estimated (via
probabilistic sensitivity analysis). This can then be compared to a predetermined
benchmark value that represents the level of uncertainty tolerated by the decision
maker. Alternatively, threshold analysis can show at which score point the decision
outcome on an intervention would change (Thokala et al. 2016).

Structural uncertainty which relates to the choice of criteria and the way they are
measured and weighed is complex and is not extensively discussed in the literature
(Thokala and Duenas 2012; Broekhuizen et al. 2015). Arguably, structural
uncertainty is addressed in MCDA processes because there is an explicit discussion
at every step (e.g. weighting, scoring, etc.) and a continuous validation and
refinement of the criteria used (Broekhuizen et al. 2015). Van Til et al. (2014)
explored this issue in the context of the EVIDEM MCDA framework and found that
the choice of the elicitation method does not impact the estimated weights when
those methods support group decisions. However, more research is needed to
compare other approaches and their impact on the weights and on the aggregate
measure of value. We note that in many HTA systems, an EQ-5D value set is used
for the QALY calculations but uncertainty related to the model and data used to
develop the value set is not considered in decision making.
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Most importantly, how uncertainty should be factored in depends on the risk
attitude of the decision maker. In principle, HTA bodies making a large number of
decisions should be risk neutral, as chance of underestimating the overall value of a
technology is as much the chance of overestimating it. If this is the case, decision
makers should focus on expected values and consider uncertainty around the mean
only if investment for additional evidence collection to reduce such uncertainty is
required (Barnsley et al. 2016).

However, some HTA bodies, such as IQWiG in Germany, have signalled a
preference about certainty of outcome, particularly clinical outcomes, and have
tended to reward technologies with more certain estimates of the clinical value over
those with less certain estimates (Towse and Barnsley 2013). In cases where the
decision maker is explicitly risk averse and a low degree of uncertainty is part of its
maximand, there might be an advantage in having a distinct criterion representing
uncertainty. First of all, it might help considering the trade-off between the
performance score (e.g. the size of the observed clinical benefit) and the strengths
of the evidence provided in an explicit and transparent way. Such an approach can
also help committees’ members to clearly separate the robustness of evidence
(which could be captured in an uncertainty/quality of evidence criterion) and the
score to assign to specific criteria. There is evidence that people tend to give lower
scores when the supporting evidence is not very robust (Marsh et al. 2014).

One challenge of introducing an ‘uncertainty’ criterion within MCDA is that in
principle all criteria require evidence and can have different levels of uncertainty
around their estimates. Therefore, there might be a need to have a measure of
‘uncertainty’ for each criterion. One way to address this could be to develop an
aggregate measure to reflect uncertainty of multiple criteria. An attempt in this
direction is provided by the EVIDEM framework which includes a quality of
evidence criterion considering validity, relevance, completeness of reporting, and
type of evidence (EVIDEM 2015). Finally, including an uncertainty criterion would
require the elicitation of risk preferences of different stakeholders, which might
differ substantially.

Golan and Hansen (2012) suggest that uncertainty should be considered in the
context of an assessment of the quality of clinical evidence provided. They propose
that this could be represented in a ‘bubble chart’, as shown in Fig. 14.1, where the
size of each bubble is proportional to the strength of the evidence of the technology.
The researchers stress that quality of evidence should not be part of the total benefit
calculation (represented in the vertical axis) as its relative importance (weight) is
likely to change depending on the technology considered. However, this approach
does not consider the quality of evidence related to other non-clinical criteria and
does not provide guidance on acceptability levels — so decisions ultimately rely on
a deliberative process, informed by evidence on the performance of the options
presented in this manner.
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Fig. 14.1 Israel’s Health Basket Committee pilot of MCDA. Bubble size=quality of evidence
(Source: Golan and Hansen (2012))

14.8 Final Issues to Consider

There are a number of concerns that HTA bodies might have about introducing and
using MCDA.

The first is that MCDA will attempt to make decision making into a more
formulaic approach and, in the more extreme cases, that deliberation will be replaced
by an algorithm providing an ‘answer’ to a decision problem based on a mathematical
process (Culyer 2009). Hence, decision makers may fear that MCDA ‘locks them
in’ to a mechanistic approach — or that their judgements may be made redundant.
However, as emphasised by many researchers in the field, MCDA instead aims °...
to help the decision makers by structuring the information to support their deliberative
process’ (Thokala et al. 2016). Further, ‘MCDA is not simply a technical
process. Its successful implementation depends crucially on effective design of social
processes by which the analysis is structured and conducted” (Dodgson et al. 2009).

We note that, depending on the specific MCDA approach adopted, the exercise
of judgement remains an important part of the process, particularly when weights
and criteria are assigned. MCDA provides a structure to guide the decision makers’
thinking. As there is a variety of MCDA approaches (even for each MCDA step), the
right balance between structure and deliberation will depend on the type of decision
problem and on the specific HTA institutional context.

Linked to the previous point is decision makers’ potential concerns about being
‘too explicit’ about decisions, which can open them up to legal or constitutional
challenges from external parties, particularly from those with vested commercial
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interests. However, transparency is an important element of ‘fair’ processes;
therefore, public scrutiny needs to be allowed. In particularly controversial cases,
MCDA can help both in identifying the areas of disagreement and explaining how
those conflicts were addressed (e.g. if consensus was reached via a group discussion
or if the view of the majority was taken).

Ultimately, the overall value added of any new MCDA approach to HTA will
need to be tested and clearly demonstrated before implementation. In particular,
there is a need to compare its benefits (in terms of ‘better’ decisions from a
resource allocation perspective and in terms of ‘better’ processes if, for
example, it improves acceptability of decisions among those affected) against
its implementation costs (e.g. if it requires longer timelines or capability/
expertise building).

Finally, there a number of methodological issues that are not solved by using
MCDA, such as disagreement on how best to measure certain value criteria
(e.g. disease severity), and the possibility of including criteria that overlap or
that are not independent when additive models are used. For a discussion on
criteria requirements, see the second ISPOR Task Force report on MCDA
(Marsh et al. 2016).

14.9 Conclusions

Existing HTA processes almost inevitably require the consideration of multiple
criteria. There is growing interest, internationally, in finding ways of systematically
considering these other factors. MCDA offers a way of structuring these decision
processes. Its use represents a way of complementing and supporting deliberative
processes, rather than supplanting them. MCDA does not replace judgement — it is
simply a way of ensuring that judgements are exercised in a consistent and transparent
way. This can also assist the accountability of HTA decisions to stakeholders.

The use of MCDA creates an opportunity to properly align understanding of the
objectives of the NHS with the goals of HTA. MCDA could provide a framework
for developing priority setting frameworks for use by local NHS organisations,
which in turn can inform the criteria and weights to be applied in HTA. Devlin and
Sussex (2011) note a number of examples of the use of MCDA by NHS budget
holders.

However, as we have noted, there are non-trivial issues to address in the use of
MCDA - in particular, relating to the way budget constraints and opportunity costs
are incorporated, and the way uncertainty in evidence is handled. Decisions
regarding how criteria are selected and weighted require careful attention.

Further, there needs to be a consideration of the balance between additional
organisational costs of implementing an MCDA approach and additional benefits of
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improved decision making process. Even where MCDA cannot follow ‘best
practise’, ‘second best practise’ may still have the potential to improve the decision
making process. For example, rather than undertaking a ‘full’ MCDA, simply
agreeing the relevant criteria and presenting the evidence on the performance of
each technology as a performance matrix — without weighting the criteria — may in
itself aid consistency and transparency.
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Chapter 15
Beyond Value Function Methods in MCDA
for Health Care

Vakaramoko Diaby and Luis Dias

Abstract In health-care decision-making, the predominance of some value
function multi-criteria decision analysis (MCDA) methods may obscure the
existence and potential usefulness of alternative MCDA methods. The current chapter
provides an introduction to alternative value function and non-value function
methods. The alternative value function methods presented are approaches based on
multi-attribute value theory (MAVT): measuring attractiveness by a categorical-based
evaluation technique (MACBETH), Variable Interdependent Parameters (VIP)
analysis, and stochastic multi-criteria acceptability analysis (SMAA). Non-value
function methods described include goal programming models, dominance-based
rough set approach, and outranking models. The chapter also reviews their use in
health to date and ends with concluding remarks.

15.1 Introduction

MCDA, used as an umbrella term, is a decision-making framework that encompasses
a large set of methods or approaches that simultaneously and explicitly take account
of multiple and conflicting criteria (Baltussen and Niessen 2006). These methods
can roughly be classified into five main families: elementary methods (Yoon and
Hwang 1995), value function methods (Belton and Stewart 2002), goal and
reference methods (Belton and Stewart 2002), outranking models, (Belton
and Stewart 2002) and dominance-based approaches (Pawlak and Sowinski 1994;
Greco et al. 2001; Moshkovich and Mechitov 2013). MCDA consists of three steps
(Belton and Stewart 2002). The first step, referred to as problem identification and
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structuring, deals with identifying the decision-makers and setting their goals. At
this step, the relevant competing options and their evaluation criteria are defined.
The second step, called multi-criteria evaluation model development and use,
requires the selection of the relevant aggregation model and the elicitation of the
model’s parameters, which defines the role played by each evaluation criterion
when synthesizing the performance of the alternatives in multiple attributes. The
last step, called the development of action plans, consists of making recommendations
to decision-makers. Additionally, the presentation of sensitivity analyses informs
the decision-makers regarding their level of confidence about the plans.

Even though analysts and researchers have access to a wide range of evaluation
models in MCDA to respond to multifaceted problems in health care, the use has
been confined to the application of only a few value function methods. Adunlin
et al. conducted a systematic review to identify applications of MCDA in health care
(Adunlin et al. 2015). The time horizon for the search spanned the years 1980-2013
and encompassed a wide range of bibliographic sources (electronic databases, gray
literature). Of the 66 studies that met the inclusion criteria of the review, 91 % used
a value function method, a method that computes a single value to summarize the
performance of an alternative on multiple criteria (Adunlin et al. 2015).

Value function methods are techniques that compute an overall value for each
competing alternative representing the global performance of each alternative on
their attributes. As a result, these methods are referred to as full aggregation or
compensatory methods. Other MCDA methods that do not compute an overall value
and/or are not compensatory are available but have been applied less in health care.

The objective of this chapter is to highlight alternative MCDA methods that can
be used to address health-care decision-making problems. The chapter is structured
as follows. Sections 15.2 and 15.3 describe alternative value function methods and
non-value function methods, respectively. Both sections review the use of these
methods in health to date. The chapter ends with concluding remarks.

15.2 Alternative Value Function Methods

Multi-attribute utility theory (MAUT) and multi-attribute value theory (MAVT)
(Keeney and Raiffa 1993) are well-known approaches in MCDA to obtain an
overall score for an alternative being evaluated on multiple criteria. The main difference
between these approaches is that MAUT makes use of utility functions that account
for decision-makers’ attitudes toward risk, utilizing the concept of lotteries, as
opposed to MAVT where a global value function is constructed for each alternative to
represent the global performance of the alternatives on the decision criteria, using the
concept of preference intensity. This section briefly reviews how MAVT can be used
to obtain an overall valuation for an alternative and suggests related approaches that
can constitute an alternative to the traditional way of applying MAVT.

The implementation of the MAVT traditionally involves two main steps. The
first step deals with the construction of a partial value function for each criterion.
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A partial value function reflects how the value of an attribute varies along the
measurement scale for the decision-maker. It can be an increasing function for an
attribute such as quality of life or a decreasing function for an attribute such as cost.
The second step aggregates the partial value functions to obtain a global value function.
The most common aggregation model is the additive value function where the partial
value of the alternative on each decision criterion is weighted by a scaling coefficient
assigned to the respective value function, and these weighted values are then added
yielding a global value. This requires the determination of scaling coefficients,
which indicate the weight of each value function. Scaling coefficients can be elicited
using a number of techniques including swing weighting (Diaby and Goeree 2014).
The alternative with the highest global value is the preferred one. Construction of
value functions needs to satisfy the transitivity of preference and indifference rule,
while the additive aggregation model used in MAVT needs to satisfy the additive
independence condition (namely, that trade-offs between two criteria do not depend
on the level of the remaining criteria) (Belton and Stewart 2002).

There are only a few published applications of MAVT in health care. To our
knowledge, there is only one study that applied the MAVT to patient-bed
assignment in hospital admission management (Tsai and Lin 2014) in addition to a
tutorial that illustrated the way to use MAVT to support reimbursement
decision-making in health care (Diaby and Goeree 2014). Nevertheless, a recent
project of the European Medicines Agency suggests using MAVT as the framework
to support regulatory decisions about medicinal products (Phillips et al. 2012).

It is the authors’ opinion that MAVT is an intuitive and easy-to-understand
MCDA method, since it uses a way of aggregating scores that individuals are
familiar with (e.g., computing GPA scores in academia, building composite indices
such as United Nation’s Human Development Index, etc.). It thus reflects the way
data are aggregated in the above and many other examples. Like MAUT, MAVT
defines an axiomatically based process for the construction of commensurable value
scales and the definition of scaling coefficients.

A potential obstacle to using MAVT is the potential difficulty of eliciting precise
values for the scaling coefficients that reflect the decision-maker’s trade-offs (Dias
and Climaco 2000). However, to cope with this concern, it is possible to assess the
robustness of conclusions through the use of software such as the Variable
Interdependent Parameters (VIP) analysis (Dias and Climaco 2000). VIP analysis
suggests an alternative process to conduct an MAVT-based analysis consisting of
eliciting only information that is easier to obtain, such as a ranking of the scaling
coefficients, rather than precise numerical values. To the authors’ best knowledge,
there are no applications of VIP analysis in the health domain.

Another alternative approach to conduct an MAVT-based analysis is stochastic
multi-criteria (or multiobjective) acceptability analysis (SMAA) (Lahdelma and
Salminen 2001). Similar to the VIP analysis, this method does not require
decision-makers to specify a vector of scaling coefficients. The space of all admissible
scaling coefficients is sampled using Monte Carlo simulations in order to produce
statistics about the ranking of each alternative. SMAA can also provide information
about what scaling coefficients, if any, make each alternative a winner. The potential
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for SMAA has been advocated for health economic evaluation of medical interventions
and was illustrated on a case of infertility treatment selection (Postmus et al. 2014).

A third alternative process to conduct an MAVT-based analysis is MACBETH
(Ishizaka and Nemery 2013; Bana et al. 2012). MACBETH is distinguished from
other MCDA methods by the fact that only qualitative judgments about the
difference of attractiveness (desirability) between pairs of alternatives are needed.
The decision-maker can state the difference of attractiveness between two alternatives
using an ordinal qualitative scale composed of six levels, from “very weak” to
“extreme.” A consistency check is conducted to ensure the responses obtained from
such pairwise comparisons do not conflict. The MACBETH procedure allows for
the computation of numerical scores on an interval scale (0—100) for the alternatives
on each criterion by the means of linear programming. A similar process is used to
weight the criteria. A global score is estimated for each alternative using an additive
aggregation, taking into account the scores of the alternative on the multiple criteria
and the respective criteria weights. The alternative with the highest global score is
considered the most attractive. The implementation of this method is supported by
a software called M-MACBETH.

In health care, MACBETH has been applied to diagnosis and treat Alzheimer’s
and diabetes (de Castro et al. 2009a, b; de Moraes et al. 2010; Nunes et al. 2011).
MACBETH shares similar features with the AHP. They both use pairwise comparisons
to derive criteria and alternatives priorities, except that the MACBETH derives
value functions based on linear programming, whereas AHP derives priorities using
the eigenvalue method (Ishizaka and Nemery 2013; Dodgson et al. 2009). As a
result, MACBETH may be of interest for decision-makers that would like to explore
the use of other methods that convert verbal preferences into numerical scores.
Recent works have demonstrated the feasibility of using MACBETH for group
decision-making (Belton and Pictet 1997; Bana e Costa et al. 2014).

15.3 Non-value Function Methods for Health-Care
Decision-Making

Using value function methods entails accepting that a very poor performance on one
criterion can always be compensated by a very good performance on some other
criterion. Therefore, these methods may not be the most appropriate when such
compensatory effects are not considered to be adequate in the decision-making
process. For instance, this type of compensability may be inadequate if criteria refer
to impacts on different stakeholders (e.g., patients versus hospital managers or
medical staff) or when criteria refer to rather different dimensions (economic,
versus social or environmental risks, for instance) (Munda and Nardo 2005).

The following families of non-value function methods are presented in this
section: (1) goal and reference point methods, (2) dominance-based approaches,
and (3) outranking methods.
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15.3.1 Goal and Reference Point Methods

There are several MCDA methods that evaluate alternatives by comparing them to
some reference(s). The references can be internal (i.e., defined exclusively based on
the set of alternatives) or can be external to the set of alternatives. The evaluation of
each alternative does not depend only on its characteristics as in value-based
approaches but also on the chosen references.

A popular MCDA method based on comparisons with internal references is
TOPSIS (Yoon and Hwang 1995). In this case, there are two references defined with
regard to the set of alternatives being evaluated. The first reference is the so-called
ideal point, a fictitious alternative defined by selecting, for each criterion, the best
observed performance in the set of the alternatives. The second reference is referred
to as the anti-ideal point, a fictitious alternative defined by selecting, for each
criterion, the worst observed performance in the set of the alternatives. The idea is
to select an alternative that is near the ideal point and far from the anti-ideal point.

In TOPSIS, the evaluation score for an alternative is the distance to the anti-ideal
solution divided by the sum of the same distance and the distance to the ideal
solution. This yields a score between O and 1, like value function methods do.
However, this value is not an evaluation of the alternative on its own merits but an
evaluation of how the alternative compares to the chosen references. The chosen
distance metric is the weighted euclidean distance, which allows placing different
importances on different criteria. In order to make the distances comparable, a
normalization operation is needed to transform the criteria scales into a common
scale. The most common normalization in TOPSIS, performed separately for each
criterion, consists of dividing each performance of an alternative by the square root
of the sum of the squares of the performances of all alternatives on that criterion. An
important concern about this method is that depending on the normalization method,
the resulting scores can be different (Ishizaka and Nemery 2013). Another major
concern is that introducing a poor and possibly irrelevant alternative that changes
the anti-ideal point can reverse the relative positions of the remaining alternatives.

Upon reviewing the literature, one example framework was found using TOPSIS
for health technology assessment (HTA) by Liang et al. (2014). This framework was
built to appraise different medicines based on economic and health-related criteria.
The method suggested by these authors was a variant of TOPSIS using judgment
from different stakeholders, combined with the use of AHP to derive criteria
weights. A similar combination of AHP, to derive weights, and TOPSIS, to rank
alternatives, was used by Akdag et al. to evaluate the service quality of some hospitals
in Turkey (Akdag et al. 2014). This study constitutes one of the several examples of
TOPSIS applications to problems other than HTA in the health sector (Beheshtifar
and Alimoahmmadi 2015; Sang et al. 2014; Bahadori et al. 2014).

There are many other methods based on distances to references (Ehrgott 2006),
which include goal programming (Jones and Tamiz 2010). Such methods are used
to set the value of decision variables subject to constraints, but the same principles
can be used to rank a finite list of alternatives in order of their distance to a given
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reference point. Distances may or may not be weighted, attaching importance
weights to the criteria. The reference alternative is usually an external reference
indicating goals or aspiration levels.

In the health sector, goal programming has been mainly used for scheduling
beds, staff, and/or patients (Thomas et al. 2013). No application of goal programming
for HTA was identified in the literature, except for an illustration of how this
approach could be used to support reimbursement decision-making in health care
(Diaby and Goeree 2014).

Methods based on references may potentially be interesting for health-care
decision-makers as they are often able to verbalize their aspirations by setting goals
to be attained on each criterion. Then, a logical consequence is to seek which of the
alternatives is closer to satisfying such goals, according to some metric, and
possibly assigning a different weight to each goal. For instance, if a manager has a
set of targets that he or she would like to attain (possibly including targets set by
external entities), then it may be helpful to evaluate different decision alternatives
considering their contribution to these targets. If the set of targets is very large and
therefore they cannot all be met at the same time, then a reference-based approach
will indicate which alternatives are most interesting with regard to those targets.

As a separate note, we might also mention data envelopment analysis (DEA)
Cook and Seiford 2009; Thomas et al. 2013; Liu et al. 2013) as a close relative of
MCDA (Ishizaka and Nemery 2013; Bouyssou 1999; Gouveia et al. 2008; Cooper
2005) that uses references. Indeed, DEA evaluates the performance of each alternative
(decision-making unit in DEA terminology) considering the entire set of alternatives
as potential references, rather than asking decision-makers to indicate aspiration
levels. DEA could potentially be used to support decisions about whether or not to
approve a new health technology, based on how it compares with the set of
technologies already in operation.

15.3.2 Dominance-Based Approaches

A different way to perform a comparison of alternatives based on MCDA is to
compare them directly, rather than computing an overall value (value-based
approach) or comparing them with a reference. The simplest way to compare
alternatives is to perform a pairwise comparison, i.e., a comparison of two
alternatives, to check whether one of them is clearly superior to the other. An alternative
x is said to dominate another alternative y if it is better on some criteria and is not
worse in any other criterion. The resulting dominance relation does not require any
subjective parameters such as criteria weights. If the purpose of the analysis is to
identify a single best alternative, dominated alternatives can be discarded. However,
the dominance relation typically applies to a few pairs of alternatives, and there are
usually several non-dominated alternatives (especially if the number of criteria is
large).
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One of the most recent methods in MCDA, the dominance-based rough set
approach (DRSA), is based on exploiting the idea of dominance using rough sets
theory (RST) (Greco et al. 2005). This approach can be used in sorting problems
(assigning alternatives to categories) or in problems where a ranking of the alternatives
is sought. RST does not require setting any preference-related parameters (such as
importance weights) but requires the decision-makers to provide examples of
comparisons, e.g., stating that alternative x is better than alternative y. The method
is able to extract if-then rules from such examples of preferences by an induction
process. As an illustration, a rule might state “if alternative x is much better than
alternative y on criterion 1 and it is not much worse on criterion 2, then x is better
than y.” Another approach that uses induction rules based on qualitative assessments
is verbal decision analysis (VDA) (Moshkovich et al. 2002, 2005), which can also
be used for sorting or ranking problems based on statements provided by a
decision-maker.

In the health field, DRSA has been mainly used as a tool to discover knowledge
from data, e.g., to identify metabolites involved in disease pathogenesis (Blasco
et al. 2015) or to identify which factors predispose patients to return to intensive
care units after cardiac surgery (Jarzabek et al. 2014). VDA has been mainly used as
a diagnostic tool in the neuropsychology and neurologic disease domains (e.g.,
(Tamanini et al. 2011; Yevseyeva et al. 2008)).

Dominance-based approaches, particularly DRSA, are appealing for the modest
information they require from decision-makers and for conveying results in the
form of rules that are easy to understand. The method is particularly interesting
when the set of alternatives is very large and when the decision-maker wishes to
have a set of rules in natural language (if... then...) to sort alternatives. However,
the requirement of comparing a few alternatives as examples can be difficult unless
they differ only in a couple of criteria, and the resulting set of rules may be
insufficient to provide a crisp sorting or a complete ranking of the alternatives as an
output.

15.3.3 Outranking Approaches

As described in the previous section, the establishment of dominance relations does
not require any subjective parameters such as criteria weights. That being said, the
relation is usually poor, i.e., it applies to a few pairs of alternatives, not allowing to
distinguish between alternatives which are not dominated. Outranking methods use
additional inputs to enrich this relation such that even if an alternative x is not better
than (or possibly equal to) an alternative y on every criterion, a decision-maker can
conclude that x outranks y if a majority of the criteria support this assertion
contingent upon the fact that there is no criterion on which x is too much worse than
y (in which case this criterion might “veto” the outranking assertion). This is the
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basic principle of ELECTRE (Elimination Et Choix Traduisant la Réalité, in French
or ELimination and Choice Expressing REality, when translated into English)
methods, the first methods of this kind (Roy 1991; Greco et al. 2016).

In ELECTRE methods, each alternative is compared to every other alternative,
one at a time (as in a round-robin tournament) to assert whether an alternative
outranks (i.e., is as good as) another one. The outranking relations are established
by taking into account the weights of the criteria in favor of the outranking relation
(i.e., concordance) and also the possibility that an opposing criterion vetoes that
outranking relation (i.e., discordance). These outranking relations obtained are
then exploited using an appropriate method from the ELECTRE family. There are
methods to select a winner (ELECTRE I and IS), to rank the alternatives (ELECTRE
II, III, and IV), or to sort them into predefined categories (ELECTRE TRI). The
outranking relation is not transitive (if x outranks y and y outranks z, then it does
not necessarily hold that x outranks z), and it is not complete (it may happen that x
does not outrank y and y does not outrank x, in which case they are said to be
incomparable). In other words, the ELECTRE methods do not always yield a
single winner or a complete ranking. This can be seen as a shortcoming of these
methods (the method may not distinguish between some alternatives), or it can be
seen as a plus in the sense that the method highlights situations where alternatives
are incomparable and does not force a conclusion that is not supported by
sufficiently strong arguments.

Another popular outranking method is PROMETHEE (Behzadian et al. 2010;
Brans et al. 1986). Contrary to ELECTRE, PROMETHEE does not require a
majority threshold and does include the possibility of one criterion vetoing an
outranking assertion. PROMETHEE is able to provide a partial or a complete
ranking of the alternatives by considering, on average, how much an alternative
outranks or is outranked by its competitors. Other outranking methods that deserve
consideration, but less known, are NAIADE (Munda 1995) and methods that use
qualitative information such as ORESTE, QUALIFLEX, and REGIME (Martel
and Matarazzo 2005).

There are numerous examples of application of outranking methods to support
health-care decision-making. ELECTRE IS has been used in France to select
strategies for screening hemoglobinopathies taking into account cost-effectiveness
and five other qualitative criteria (Gales and Moatti 1990). More recently, Diaby
and Goeree illustrated how ELECTRE IS could be used for a hypothetical HTA
problem. ELECTRE TRI has been used in several applications (Diaby and Goeree
2014). Figueira et al. (2011) used this method to assign couples seeking assisted
reproduction to embryo transfer categories defining the number of embryos to be
implanted (Figueira et al. 2011). The use of PROMETHEE for health-care
decision-making includes, but is not limited to, the ranking of alternative
strategies to deal with an overcrowded emergency room in Brazil (Amaral and
Costa 2014) and the ranking of regional hospitals assessing their degree of
specialization (D’Avignon and Mareschal 1989). Chen et al. used a variant of
QUALIFLEX to select the best treatment to a patient with a diagnosis of acute
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inflammatory demyelinating disease, evaluating three therapies against eight
health-related criteria and a cost criterion (Chen et al. 2013).

Outranking methods were devised to avoid one of the main characteristics of
value function models, full compensation. As a result, it is the authors’ opinion that
outranking methods may be appealing to decision-makers who wish to avoid
making trade-offs or those who deem that an alternative’s poor performances on
some decision criteria should not be compensated by its high performances on other
criteria.

15.4 Concluding Remarks

MCDA was developed outside health care but has been increasingly applied in this
field. It provides a unique opportunity to align decision-makers’ preferences with
their choices and provide a systematic and transparent way of making health-care
decisions. Even though value functions are largely used in health care, MCDA users
should be aware of the existence of alternative families of MCDA methods. Within
value function methods, which synthesize the merits of each alternative into a global
value figure, there are methods that have been applied less in health care, such as
MACBETH, which were presented in this chapter. However, value function
methods have certain key characteristics. First, these methods allow compensation,
i.e., an alternative can make up for its poor performance on some criteria by
compensating with higher performance on other criteria. Second, the weights
represent the trade-offs between criteria, which need to satisfy conditions such as
the preferential independence of criteria. Third, there is a requirement to elicit
precise numerical weights for all criteria and scores for each alternative on all
criteria. These characteristics may be too restrictive for some decision problems,
where alternative methods to function methods may be more appropriate.

This chapter reviewed these other methods besides value function methods. A
different way of evaluating alternatives is to compare these with given references,
which can be based on the best observations (e.g., TOPSIS) or be externally
provided. This type of approach may best suit situations in which decision-makers
have a clear idea of the goals they wish to achieve. However, if the reference is
derived from the actual performances of the alternatives, adding or removing an
alternative may alter the conclusions pertaining the remaining alternatives.

Dominance-based approaches may be particularly interesting if the
decision-makers prefer to reason in terms of examples rather than weights. DRSA,
in particular, only requires modest information from end users (parsimonious
models). This allows decision-makers to avoid dealing with the parameters of a
mathematical model, provided that they have a set of exemplary decisions (e.g.,
from past experience) that can be provided as an input to the method. Although
decision-makers may be quite unfamiliar with RST (hindering transparency), the
results it produces are in the form of decision rules that can be easily understood.
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Finally, outranking methods are particularly suited to decision-makers that are
not willing to define substitution trade-offs between criteria. Outranking methods
may also be useful if the goal is to identify a small subset of alternatives that fulfill
a minimum requirement from a large set of alternatives as developing a total value
score for each alternative using value function methods might be impractical.
However, outranking methods do not always provide a clear-cut result, i.e., these
approaches might lead to incomparability between two alternatives; that being said,
one could argue that this is appropriate as further deliberation might be needed to
choose between them.

By offering this large set of methods, MCDA proves to be flexible enough to
accommodate the needs of decision-makers. However, as presented in this chapter,
there are a diverse set of MCDA techniques each with different features and
advantages/disadvantages. There is a long way to go before the potential of MCDA
is used to its fullest extent. To that end, we call for further research with the
decision-makers to identify which of these alternative methods in health care are
suitable in different decision contexts.
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Chapter 16
Best Practice for MCDA in Healthcare

Lawrence D. Phillips

Abstract This chapter begins with a short overview of decision theory—four
self-evident characteristics of coherent preference that lead logically to the three
considerations for ensuring the consistency of decisions: (1) the utility of decision
consequences, (2) the probabilities those consequences will occur and (3) the
expected utility rule for combining utilities and probabilities as a guide to action.
Extending the theory to accommodate multiple criteria for evaluating the values of
the alternatives provides the simple weighted average rule for combining values
across the criteria, preserving the goal of coherence in decisions. This simple rule
provides the basis for multi-criteria decision analysis (MCDA). As applied to
healthcare, MCDA takes account of both measurable data and subjective judgements
about the data, with the latter often representing clinical judgement or patient
preferences.

An eight-step framework for constructing an MCDA model is described and
used to formulate 16 best practice principles, with a focus on creating a model in a
facilitated group workshop. Working collectively enables a group to identify a
requisite set of criteria and provides the expertise to evaluate the alternatives against
the criteria. The overall goal is to create a model that best reflects the current state
of knowledge and judgement, which enables uncertainty and different perspectives
to be explored, thus supporting but not automating any final decision.

16.1 Introduction

MCDA means different things to different people, but whatever the interpretation,
all approaches are intended to improve decisions when conflicting objectives mean
that no single decision can be best for all of its possible consequences. However, the
deeper value of MCDA is that when the modelling is carried out in a facilitated
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workshop attended by a diverse group of knowledgeable key players, the process
allows participants to develop a shared understanding of the issues, generate a sense
of common purpose and agree recommendations for the way forwards (Phillips
2007; Franco and Montibeller 2010). In short, the process aligns participants so
everyone is pulling in the same direction while preserving the important differences
in paths.

Two social scientists, Charles Kepner and Benjamin Tregoe, reported these
advantages for problem-solving and group decision-making when managers in
organisations applied the structured process described in their 1965 book The
Rational Manager (Kepner and Tregoe 1965). Chapter 6 listed the steps of the
process they called ‘decision analysis’, the term they used to describe their approach
to problem-solving and decision-making:

. Set objectives against which to choose.

. Classify objectives as to importance.

. Develop alternatives from which to choose.

. Evaluate alternatives against the objectives to make a choice.
. Choose the best alternative as a tentative decision.

. Assess adverse consequences from the choice.

. Control effects of the final decision.

~N N R W=

Fast forward 35 years, and here is MCDA described in the UK Government’s
Multi-Criteria Analysis: A Manual (Dodgson et al. 2000):

. Establish the decision context.

. Identify options to be appraised.

. Identify objectives and criteria.

. Score each option against the criteria.

. Assign weights for each criterion to reflect their relative importance.
Combine weights and scores.

. Examine the results.

. Conduct sensitivity analyses.

Some differences, but both are concerned with multiple objectives and both
engage in scoring options on criteria, incorporating uncertainty in the scoring
process and weighting the criteria, so it would appear that not much changed over
those 35 years. But in fact, a great deal happened, with applications for healthcare
arising only recently. However, as Marsh et al. point out in their recent review, ‘...
[MCDA] approaches and methods are very diverse, with limited correspondence
between approaches employed and the type of healthcare decision or product
evaluated (Marsh et al. 2014)’.

Perhaps this chapter can begin to provide some focus. Let’s start with a brief
history of the theory on which MCDA is based, which will illuminate the best
practice section of this chapter. Along the way, we will discover the three key
principles of decision analysis that are as important to decision-making as Newton’s
three laws of motion are to an understanding of the universe.
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16.2 Decision Theory

It was Frank Ramsey, a brilliant Cambridge mathematician, philosopher and
economist and younger brother of the former Archbishop of Canterbury, Michael,
who introduced in 1926 the concept of consistency as logically implying probabilities
that represent an individual’s degrees of belief (Ramsey 1926). John von Neumann
and Oskar Morgenstern (1947) extended the consistency argument by further
developing Ramsey’s axioms sufficiently to introduce utilities. Jimmie Savage took
the additional step of starting with an axiom system that assumed neither probabilities
nor utilities, only coherent preferences, which he showed leads logically to the
existence of probabilities and utilities and to the expected utility rule as a guide to
coherent decisions (Savage 1954). But what is meant by ‘coherent preference’, and
what is its importance to MCDA?

Savage’s axioms of coherent preferences are simple and elegant. The four most
important are ordering, transitivity, dominance and the sure-thing principle. Without
doing too much damage to his complete exposition, here are my descriptions of a
hypothetical person whose preferences obey these axioms.

Ordering Either you prefer A to B or B to A, or you are indifferent between them.
This requires only knowing your order of preferences, even if you don’t know your
actual preferences.

Transitivity If you prefer A to B and B to C, then you should prefer A to C. This
is a requirement for any form of measurement.

Dominance If all the possible consequences of action A are at least as good as all
the consequences of action B, and in one or more ways, A’s consequences are better
than B’s, then you should prefer A to B.

Sure-thing If A and B are characterised by one or more consequences that are
identical, then your preference should not take these consequences into consideration,
for whether you choose A or B, you are certain to obtain the consequence that is
identical.

A few technical axioms are included, like the list of alternatives must be finite,
but nobody seems to worry too much about these as they are unobjectionable within
Savage’s ‘small world’” of practical applications, whose decisions contingent on
anticipated future events can be reasonably defined, in contrast to the ‘grand world’
he recognised as constituting many linked decisions and possible future events that
cannot sensibly be foreseen. As yet, nobody, Savage included, has developed a
wholly satisfactory ‘grand world’ approach to coherent decision-making.

It’s not difficult to find instances in which real people violate these axioms, but
that’s not the point. Here we are considering a real person who on a particular
occasion wishes to make choices that are not in conflict with his or her objectives.
You wouldn’t, for example, place bets on the outcome of a single horse race such
that no matter which horse wins, you are certain to lose money (with apologies to
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Dutch colleagues, that sort of gamble is called a ‘Dutch book’ in the
English-speaking world; I understand you call it an ‘English book’). It seems
reasonable to enquire if there are any principles that a person could apply so that a
Dutch book wouldn’t be accepted, because the axioms aren’t very helpful. For
example, sometimes people are unsure of their preferences and as a result might
well violate the first axiom.

What would be helpful? The answer is ‘the theorems’: they make clear we should
consider (1) utilities of consequences, (2) the probabilities of realising those
consequences and (3) the expected utility rule—choosing the course of action with
the highest ‘expected’ (weighted average) utility. Those three principles are as
important to decision-making as Newton’s laws are to understanding bodies in
motion. But, some would say, the three theorems at the heart of decision-making are
not the same as Newton’s laws, which apply to the real world. In answer, Newton’s
laws apply to ideal bodies, with mass concentrated at a point and moving in a
vacuum, yet they can be applied in the real world to very complex physical systems.
Similarly, the theorems of coherent preference can be applied to construct ‘small
world’ models that will enable effective decisions, but the calculus of probabilities
and the mathematics of utilities restrict our freedom in applying them, just as the
relationship between force, mass and acceleration restrict the movement of physical
bodies.

Savage’s theorems are implied by the axioms, but the implication works in the
other direction, too: the theorems imply the axioms (though not uniquely—other,
similar axioms of coherent preference also lead to the same theorems). Thus, it is
perfectly acceptable to work with people whose preferences may not be coherent
and to engage them in building a decision theory model, which will in the process
help them to construct coherent preferences that ensure their decisions are consistent
with their objectives.

16.3 Decision Analysis

Those restrictions became more evident as decision theory morphed into an applied
technology in the 1960s and 1970s, following the 1961 exposition by Raiffa and
Schlaifer (1961), Applied Statistical Decision Theory. Ron Howard developed a
systems analysis approach to decision theory, which he called ‘decision
analysis’(Howard 1966), apparently unaware that Kepner and Tregoe had first
contributed the term a year earlier. Raiffa’s 1968 book, Decision Analysis (Raiffa
1968), and Schlaifer’s 1969 book, Analysis of Decisions Under Uncertainty
(Schlaifer 1969) (accompanied by an informative Instructor’s Manual, book of
computer programmes and case studies developed by the Harvard team, an
astonishing intellectual achievement), explained in great detail how this new
technology could be applied as an aid to decision-making.

In 1976, the focus on modelling uncertainty expanded to include decisions with
multiple objectives, as Howard Raiffa’s then student, Ralph Keeney, turned Raiffa’s
1969 RAND Corporation report, Preferences for Multi-Attributed Alternatives
(Raiffa 1969), into a full exposition of what we now know as Keeney-Raiffa MCDA.
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By extending the axioms of coherent preference, they showed how multiple,
conflicting objectives could be included in the analysis, along with uncertainty and
risk, which establishes the best practice principles (Keeney and Raiffa 1976).
Methods such as MACBETH, PAPRIKA, discrete choice experiments, conjoint
analysis and the analytic hierarchy process all use ranking or rating measurement
procedures, whereas unique interval or ratio scales are required for the expected
utility or value calculations that link MCDA to decision-making in the face of
uncertainty. My choice of MCDA for defining best practice is based on its generality,
completeness and theoretically sound foundation in the Savage axioms. That’s not to
deny the usefulness of other methods that might be easier to use and produce useful
results, but like all models, they are limited in validity, scope and applicability.

An MCDA model is often created in a facilitated workshop attended by key
players who represent the various perspectives on the issues. One form of facilitated
workshop is decision conferencing (Phillips 2007), in which the impartial facilitator
guides the process of creating a model, while the leader and participants contribute
the content. This separation of responsibility for process from content makes
possible the rapid development and exploration of the model, which usually is
completed in 1-3 days, though refinements may well take place subsequently for
complex problems, often between a series of workshops. A workshop setting will be
assumed throughout this presentation of best practice principles.

Most multi-criteria approaches are characterised by a process of scoring options
(projects, programmes, policies, strategies, systems, etc.) on criteria, weighting the
criteria to accommodate the different metrics used by the criteria and then combining
the weighted scores to provide an overall ordering of the options. The various forms
of multi-criteria analysis are briefly reviewed in Dodgson et al. (2000) and explained
in detail by Belton and Stewart (2002). Dodgson et al. felt that the most appropriate
approach for policy development in the UK was Keeney-Raiffa MCDA. The
eight-step process at the start of this chapter is further defined and elaborated by the
16 best practice principles that follow. Throughout, the objective is to create a
‘requisite’ decision model, which is just sufficient in form and content to resolve the
issues at hand (Phillips 1984).

16.4 Principles for Establishing the Decision Context

Principle 1: Define the Bounds of the Problem

Savage (1954) argued that coherence of preference is always bounded; we can
only manage coherence within a defined ‘small world’. In other words,
coherence is always conditional on our assumptions about the limits of a
decision’s context. For example, a utility function for a department’s budget
in an organisation often shows more risk aversion than the corporate utility
function. This inconsistency arises in part because the department’s portion of
the total budget is so much smaller that its utility functions appear to be almost
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linear over the same range on the corporate utility function. A related reason
appears in the ‘commons dilemma’ (Hardin 1968): choosing actions that
maximise expected utility in each of several departments may not collectively
maximise expected utility for the whole organisation. What is best for the
‘grand world’, to use Savage’s terminology, is not the sum of what is best in a
collection of ‘small worlds’. This problem is caused by the failure to consider
trade-offs, which would consider opportunity costs, between departments
than it is to the incompatibilities of risk attitudes between small and grand
worlds. This is a serious problem for health technology assessment organisations
because there is no universal, fungible measure of health outcomes that is
acceptable across different small worlds.

Principle 2: Identify the Purpose and Key Players

A further aspect of the context involves identifying the stakeholders and key
players who will be consulted or engaged in a workshop. Key players include
experts and others who can make a useful contribution to the analysis; they
are not necessarily stakeholders, who are those affected by the consequences
of the decisions. It is also important to consider people who could reject the
recommendations of the workshop. Ministers and others may not be available
to participate in the appraisal study, but their perspectives could be
contributed by representatives. Also, before a workshop it would be wise for
the facilitator to engage with the problem owners to identify the key players,
establish the objectives of the workshop, outline the main tasks that will
constitute the work of the workshop and indicate the preparation expected of
invited participants. These features sent to participants before the workshop in
a ‘calling note” will establish their expectations for the event and ensure a
high degree of motivation and engagement. For most healthcare applications,
it is particularly important to include clinicians in the workshops, whose
experience with patients is critically important in assessing the clinical value
of measured data.

Principle 3: Explore Context and Issues with the Group

At the start of the workshop, after introductions and a restatement of the
objectives for the meeting, the facilitator asks the group to discuss the issues
that are important to consider for achieving the objectives. Depending on
participants’ responses, prompting by the facilitator could establish relevant
internal and external influences; the political, economic, social, technological,
environmental and legal (PESTEL) factors; or the organisation’s mission
(why are we here?) or core values (what we care deeply about), any of which
will affect the MCDA model. In particular, the context will provide meaning
to subsequent value judgements.
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16.5 Principles for Identifying Options

The second and third steps are interchangeable, identify the options and identify the
objectives and criteria. If options are given, ask questions of the group about
objectives. If objectives are given, ask questions about options. When neither has
been clearly identified, discussing objectives and options becomes, appropriately, a
reflexive process; each informs the other. Let’s start with the options.

Principle 4: Establish a Requisite Set of Clearly Defined Options

When options are already on the table or easily identified from the start, the
facilitator might ask if there could be other uses of the available resources, i.e.
other decision opportunities. Budget constraints often inhibit thinking about
new options, so the facilitator could encourage ‘blue-sky’ thinking without
considering the budget. This can be an important step in finding alternatives
that are more promising uses of the available resource, which might not
emerge from the MCDA model until a later stage. Encouraging the group to
create ‘win-win’ options helps to prevent ‘win-lose’ arguments that are often
raised by anxious participants, which prevents real progress. Including the
‘status quo’ or ‘do nothing’ as options, even if they aren’t realistic, can serve
as a reference point for assessing added value at later stages. Each option
should be defined clearly. In MCDA, unlike a decision tree, the options do not
have to be mutually exclusive. They could be decisions, strategies, policies,
subsystems, projects, programmes or anything that could lead to achievement
of objectives.

16.6 Principles for Identifying Objectives and Criteria

Objectives are desirable end states at some time in the future, made operational by
identifying and defining criteria (or attributes), which are measurable goals. For
example, ‘alleviating suffering’ is an objective, while ‘reducing disease severity’ is
a measurable criterion. Both are characterised by a verb and a noun.

Principle 5: Establish a Requisite Set of Clearly Defined, Operational
Criteria

Recent research by Bond et al. (2010) showed that individuals were limited in
the number of objectives they were able to bring to mind, and those they did
make explicit were limited in range and in depth of thinking. They found that
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providing category-based prompts at the start of the elicitation process was
less successful than giving the prompts affer asking the individual to extend
their list. For example, the chair of the Advisory Council on the Misuse of
Drugs suggested to members discussing the meaning of ‘harm’ that they
consider physical, psychological and social harms separately and that they
distinguish between harms to the user and to others. Those categories served
as prompts, which helped to structure the discussion of harm criteria and
resulted in 16 criteria altogether (Advisory Council on the Misuse of Drugs
2010).

A criterion’s definition should be operational in the sense that each alternative’s
effects can be judged or measured for the criterion on a scale that is monotonic in
preference (either larger or smaller effects are preferred to intermediate effects).

Principle 6: Ensure the Criteria Are Nonredundant

Eliminate unnecessary or duplicate criteria. For example, regulators generally
ignore minor side effects that won’t affect the decision about a new drug, so
they are eliminated from consideration. Also, a physician’s global assessment
(PGA) of a patient’s psoriasis might be repeated in a scoring system that
included PGA in an application for a new drug; the regulator should consider
only one or the other of these duplicates.

Principle 7: Ensure There Is No Double Counting Within and Across
Criteria

Make sure that a single data point appears once and only once across several
criteria and for a given criterion. For example, mean months of survival,
median months of survival and mean progression-free months double count
the same data points across those three criteria. But as they may reveal
somewhat different effects, they can all be included in an MCDA model, but
only one should be operational—by giving the other two criteria zero
weights—in each of three different runs of the model.

Double counting of patients is another example. Patients surviving at 12 months,
18 months and 24 months, as separate criteria, are double-counting patients: anyone
surviving to the longer periods has survived to the shorter ones. Either only one
criterion at a time should be given non-zero weight, or the three criteria should be
represented as a proper frequency distribution: 12—17 months, 18-23 months and 24
months or greater.
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Principle 8: Ensure the Criteria Are Mutually Preference Independent
The preference order of options on any one criterion is unaffected by the
preference order on any other criterion and vice versa. This condition is
weaker than statistical independence. Scores on criteria are typically statistically
correlated across the criteria, but a high correlation might imply violation of
preference independence. If participants ask to see the scores on criterion Y
while scoring options on criterion X, that suggests a violation of this principle.
Lacking such requests suggests, but does not guarantee, mutual preference
independence. This requirement must be met if weighted scores are to be
interpreted unambiguously, for any weighted average model. Statistical
correlation doesn’t matter if criteria are preference independent, which is a
weaker requirement.

Principle 9: Iterate Between Options and Objectives to Create a Requisite
Set of Each

More typically, moving back and forth between this and the previous step is
helpful because neither options nor objectives may at the start be well
established. Engage in value-focused thinking (Keeney 1992): be clear about
your values (what you care about), imagine desirable and undesirable health
outcomes, develop your objectives (verb and noun), and separate ends (your
fundamental objectives) from means, all in the service of creating desirable
alternatives.

16.7 Principles for Scoring the Options

The purpose of scoring is to convert input performance measures into preference
values, the first step for establishing a single, common metric that will legitimise
comparisons of all the options across all the criteria. At this stage, the consequences
of the options are expressed as performance measures; these are usually real-world
measurements, though they may also be direct preference judgements. A value
function over the performance measures is determined next, where value is defined
as the extent to which the outcome achieves the objective. The value function may be
linear, but sometimes in healthcare it is not. Are 20 life-years gained twice as desirable
as 10?7 Possibly not—and perhaps the value function also depends on how old the
person is now. Note that scoring the options requires data or judgements about the
performance of each separate option on a given criterion. It is not differences between
options that are inputs for MCDA; weighted differences between options emerge as
outputs, whereas for other approaches, like cost-benefit analysis, they are inputs.
Sometimes data may be absent or in qualitative form, in which case preference values
are assessed directly, preferably by group consensus to minimise bias of individually
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assessed preferences. Published data all too frequently report odds or risk ratios,
without sufficient information to recover the numerator and denominator of the ratio.
Unless one or the other is identical for all options, it isn’t possible to form preferences
for these ratios. Separate measures are required for each option in MCDA.

Principle 10: Ensure That Assessors Understand the Type and Meaning of
the Preference Scale

In healthcare, options are typically interventions, and the consequences of the
interventions are expected to provide added value in the form of favourable
effects, at a possible loss of value for unfavourable effects. Three types of
scales are used in MCDA: absolute, ratio and interval, which differ in their
scale’s origin and unit of measure. In measurement theory (Krantz et al.
1971), counting is an absolute scale; the origin, zero, means an absence of the
property in whatever is being counted, and the counts are one integer at a time,
representing, for example, the number of patients exhibiting the favourable or
unfavourable effect, often reported as a percentage of the total number of
patients. For a ratio scale, the origin is also zero, with the same meaning, for
example, in measuring speed of onset for noticeable pain relief in which no
pain relief at all, following a treatment, would be scored zero. The unit is a
matter of choice, as in measuring time in minutes or hours. For an interval
scale, both the origin and unit are matters of choice, as in measuring temperature
on scales in which the boiling and freezing points of water at sea level provide
two reference points, 212 and 32 for Fahrenheit or 100 and O for Celsius.
Value scales in MCDA are often defined as interval scales, with reference
points chosen to encompass a range of realisable data, as a thermometer for an
inhabitable room would show a plausible range. It’s useful to draw a value
scale on a flipchart so participants understand that the numbers represent
strength of preference and what 100 and 0 mean, as shown in Fig. 16.1 for an
interval scale (some modellers use a value scale from O to 1.0, but the 0-100
scale avoids decimals and possible confusion with probabilities).

Fig. 16.1 Interval preference 100 ——— Most Preferred
scale

80 —

Relative
60 — Strength
of
40 — Preference
20 —

0 ——— Least Preferred
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The reason the choice of scale type matters is that it provides guidance for
defining the reference points on the scales, for interpreting the preference values
while they are being assessed and determining the type of consistency checks that
are consistent with the scale type (see Principle 11). It also enables the weighted
preference values to be properly interpreted, as is noted below in the principles for
interpreting results. For example, in modelling the harm of psychoactive drugs, Nutt
et al. used ratio scales, with zero representing ‘no harm’ and 100 as the most harmful
drug uniquely for each criterion (Nutt et al. 2010). For modelling prescription drugs,
most of the PROTECT Benefit-Risk project teams (2015) used interval scales, with
predefined levels of the effects chosen to include the observed data about the effects,
plus or minus realistic amounts that might arise if more data were available. Ranges
that are too large will make it difficult or impossible to assess trade-off weights
because unrealistic upper and lower limits are not within the experience of the
assessors. More generally, 100 might represent the maximum realisable
performance and zero the lowest acceptable performance on a given criterion,
instead of the best and worst actually realised. When the 0—100 scale is defined by
specific levels of the input performance measure, it is referred to as a ‘global’ scale
by Belton and Stewart (2002) and in the V.I.S.A MCDA software or a ‘fixed’ scale
in the Hiview software (LSE/Catalyze 2011).

Defining two points on a criterion scale by assigning 0 and 100 to the least and
most preferred options is an understandable and convenient way to establish an
interval scale, as contrasted to pre-establishing ranges. It has the advantage of
focusing the judgements of experts on only the options under consideration and the
data actually observed. These scales are called ‘local’ by Belton and Stewart and
‘relative’ in the Hiview software. Whether performance measures are positive or
negative, it is important to establish the direction of preference: are smaller numbers
or larger numbers more preferred? Lesser pain is more preferred, and more fever is
less preferred. Chapter 4 gives additional information on scoring.

Principle 11: Carry Out Consistency Checks During and After Scoring the
Options

Consistency checks are easiest when assessments employ a ratio scale. For
example, if option A is given a preference value of 100 and option B a 50, then
the facilitator might ask the group if A is really twice as desirable as B for its
effect on the criterion under consideration or twice as good or twice the value
(provided that the facilitator has made clear that ‘value’ is meant in its
nonmonetary sense).

For interval scales, differences in preference values are the basis for consistency
checks. For example, if option A scores 100, B is 80 and C is 20, then assessors
might note that the 60-point difference in preference between B and C is three
times that of A compared to B. Because the zero point was arbitrarily chosen, it
would be incorrect to say that B is four times better than C.
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16.8 Principles for Weighting the Criteria

Weights are scale constants that represent trade-offs in preference values; they
equate the units of preference value across all criteria within the small world of the
MCDA. To equate units of preference value across many small worlds, such as
healthcare decisions at system level, requires judging trade-offs among key criteria
across the small worlds, which is well established in MCDA, e.g. resource al
location across all departments in a hospital (Kleinmuntz 2007). The weights are
relative measures that show how a fixed difference in preference on one value scale
corresponds to a fixed difference in preference on another value scale. Both
Fahrenheit and Celsius scales, for instance, include 0—100 portions, but the Celsius
increment represents a larger increment of temperature than the 0—100 increment on
the Fahrenheit scale, so it takes 9 Fahrenheit degrees to equal 5 Celsius degrees.

Principle 12: Ensure That Ranges of Comparisons Are Taken into
Account in Assessing Value Trade-Offs

A common misinterpretation of weights is that they represent the importance
of the criteria; that’s only half true. The range from least to most preferred
points on a scale is also a consideration, with weights representing the
importance of the range. In purchasing a car, most people consider cost to be
an important criterion. However, if the difference between the most and least
costly car being considered is small, then cost isn’t so important. And a big
difference would be given more weight, unless the purchaser is very wealthy,
in which case cost might not be important. The operative question for assessing
weights is this: ‘how big is the difference between least and most preferred
positions on this criterion, and how much do you care about that difference’?
The first part of the question is often about hard data; the second might be a
clinical judgement about the added value to the patient, and that depends on
the healthcare context. That’s why it is important at the start to understand the
context.

Here’s a simple example. Imagine you are suffering pain from a strained muscle
and decide to take either aspirin, ibuprofen or paracetamol. Which of the following
three criteria would you rate as most and least important to you: the speed of the first
noticeable reduction in your pain, the extent of pain relief (percent of patients who
report at least a 50 % reduction in pain within 2 h) or the duration of action (the time
to re-medication for 50 % of patients). (Note the application of Principle 10.) Make
your choice before reading on. (For the purpose of illustration, ignore side effects.)

The data, based on the findings of two workshops attended by UK experts on
pain, including the swing weights they assigned to the three criteria, are shown in
Table 16.1.
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Table 16.1 Data: linear conversion of the data to preference values (in parentheses) and weights
on three criteria for three painkiller drugs

Speed of Pain relief | Duration of
onset % of action Weighted preference
Minutes patients Hours value
Aspirin 50 (20) 20 (0) 5.0 (67) 16
Ibuprofen 55 (0) 48 (100) 5.5 (100) 47
Paracetamol 30 (100) 33 (46) 4.0 (0) 71
Swing weights 100 75 15
Normalised wts 0.53 0.39 0.08

Overall, paracetamol obtains the highest weighted preference value largely
because of its speed of onset, the most heavily weighted criterion. The swing on that
criterion is from 30 to 55 min; ibuprofen, which gives better pain relief, is 25 min
slower. And the low weight on duration of action arises from the modest range of
data, a difference of only 1.5 h. You may not agree with these weights, but the
example provides a salient reason for attending to ranges in assessing weights. In
general, larger differences that matter receive higher weights.

Principle 13: Keep It Simple!

Deploying the operative question can vary; what works for some groups does
not work so well for others. Sometimes asking assessors to imagine a
hypothetical option that scores zero on all criteria and then inviting the group
to decide which criterion would add the most value if moving from least to
most preferred positions on only one criterion could be achieved; which
would it be? That establishes a standard for comparing the ranges on each of
the other criteria, one at a time, always compared to the one large change. This
is an example of the paired comparison method, which is based on the law of
comparative judgement, first developed in 1927 by Thurstone (1959) and still
widely applied in psychology because it is the simplest way of obtaining
reliable and valid judgements.

Another useful paired comparison approach is to ask which of the following
combinations of positions on speed of onset and pain relief is better:

Option A :speed of onset 30 min and pain relief for 20% of patients
OR
Option B :speed of onset 55 min and pain relief for 48% of patients
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If A is chosen, the speed of onset range has been judged as more preferred;
otherwise B’s range is larger. Next, successively compare the range on the larger
criterion with the ranges on the remaining criteria, until the longest range that
matters is identified. Assign a weight of 100 to the criterion with the longest range
that matters, and then engage in paired comparisons to establish weights on the
remaining criteria. The similarity to conjoint analysis (Johnson 2006) should be
evident. The best-worst/worst-best process doesn’t work very well when the
preference scales are statistically correlated, which is often the case in healthcare.
Respondents are likely to say that an option is a combination they can’t imagine
because it never occurs in the real world. More is said about this approach in
Chapter 4.

Since weights are ratios, you can ask consistency check questions, e.g. a weight
of 60 adds twice the preference value over the range as compared to a 30. It’s wise
to make those comparisons during the assessment process, for a reduction of the
weights compared to 100 is almost always the result, largely because assessors start
off thinking that everything is important until the concept of added value over
ranges is introduced. A simple consistency check on the weights assigned in
Table 16.1 is to note that the added preference values on pain relief and on duration
of action (75 plus 15) were judged to be 90 % of the added value of the range in pain
relief. Finally, since subjective judgement is the source of the weights, it can be
informative to involve stakeholders in those judgements as well. This is another
reason to be clear at the start about the purpose of the model. Chapter 4 gives other
approaches to weighting.

16.9 Principles for Calculating Weighted Scores

Whatever the inputs to an MCDA, scores and weights or ratings of pairs of
differences, it is algorithms, or mathematical formulae, that combine the inputs.
With scoring and weighting completed, isn’t the result obvious? Why can’t aggregation
be done intuitively? The answer has been known for 60 years, since the publication
of clinical psychologist Paul Meehl’s 1954 book, Clinical versus Statistical
Prediction (Meehl 1996), which dropped a bombshell on clinical psychology.
Meehl found that simple, linear, additive models consistently outperformed clinical
predictions of behaviour in the 20 studies he could find reported in the literature.
He identified integration of multiple pieces of data as the problem, not the
judgements about the pieces. Among many subsequent studies, Phillips et al.
(1966) compared various ways of judging and aggregating uncertain data, and their
findings agreed with Meehl’s conclusions. Today, with over 200 studies now
published, the conclusion still stands. Indeed, Kahneman devoted an entire chapter
to the topic in Thinking, Fast and Slow (Kahneman 2011). So, the best practice
principle is simple.
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Principle 14: Use an Algorithm to Aggregate the Evidence and
Judgements

For most MCDA models, the algorithm simply multiplies each preference
value by the criterion weight and sums across all criteria. That simple weighted
additive model applies when the criteria are judged to be mutually preference
independent. Keeney and Raiffa (1976) provide the mathematics for
situations in which mutual preference independence does not apply. The
mathematics are still simple, but the additional assessments are often more
difficult, so most decision analysts will suggest rephrasing the criteria so that
the independence requirement is met. Others will ignore it, arguing that little
is usually gained by moving to the more complex model.

Application of the analytic hierarchy process (AHP) doesn’t require separate
preference values and weights. Rather, its inputs are matrices of paired comparisons
using a 9-point scale representing differences. The mathematics applied to the
matrices is based on matrix algebra, not the expected utility or weighted value
model, so it can lead to violations of the axioms of coherent preference (Belton and
Gear 1983) and has led to Dyer’s criticism (Dyer 1990) that the output weights from
the AHP are ‘arbitrary’. Conjoint analysis and discrete choice experiments
also conflate preference values and weights, which might be sufficient in some
situations. The added capability to separate them in MCDA enables experts about
the data to do the scoring, with decision-makers who may have a better understanding
of trade-offs assessing the weights.

16.10 Principles for Examining Results

Examining the results begins with the overall ordering of options (as in the
rightmost column of the table for painkillers). Next, overall benefits might be
compared to overall costs, or to risks, or one cluster of benefits to another cluster.
Each of these can be represented by a two-dimensional graph that gives a clear
pictorial representation for establishing the dominance relationships among the
options by showing the efficient frontier. Paired comparisons of options show the
relative advantages and disadvantages of each member of the pair. A detailed survey
of graphs for displaying inputs and results can be found in two major reports of the
IMI-PROTECT project (Mt-Isa et al. 2013a, b).
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Principle 15: Rely on Software to Provide the Graphs and Tables to
Display Results
As for best practice, here are some guidelines:

1. Interval-scale input data are best shown in thermometer displays (which
make differences more visually salient; ratios are not interpretable), while
ratio-scale data are more usefully shown with horizontal bar graphs (which
make ratios of scores more obvious).

2. Vertical (or horizontal) stacked bar graphs are also good for displaying
overall weighted scores at any node in the value tree, with the sectors of
each bar giving the weighted contributions of the lower-level constituents.

3. X-Y scatterplots for MCDA option-evaluation models show the efficient
frontier for any two criteria. The efficient frontier for MCDA models of
prioritisation and resource allocation, showing the investment options in order
of their benefit-to-cost ratio, can help decision-makers ‘steer’ a feasible solution
onto or close to the efficient frontier (Phillips and Bana e Costa 2007).

4. Difference displays and waterfall charts are good for comparing one option
against another on each of the criteria.

16.11 Principles for Sensitivity Analyses and Scenario Analyses

Sensitivity analyses provide ways to explore the effects on final results of imprecision
in the data and differences of opinion about input scores, value functions and
weights. MCDA displays remarkable insensitivity to precision in the inputs, a topic
so important that it constitutes all of Chapter 11 in von Winterfeldt and Edwards
(1986). Because of this insensitivity, it is possible for key players to agree about the
best option without agreeing about the precise values of the inputs. Scenario analyses
provide ‘what if” analyses: combinations of scores and weights that might be more
appropriate as more data are obtained or the context changes. This can be a useful
way of testing whether or not to collect additional data—there is no point in collecting
data if it won’t change the overall result. Sensitivity analyses are displayed as line
graphs, one line for each option.

Principle 16: Explore the Robustness of Conclusions Using Sensitivity
Analyses and Scenario Analyses

These methods are commonly used in MCDA modelling to explore
uncertainty about outcomes. As mentioned at the start of the chapter, MCDA
can also accommodate probabilities, which provide another way to deal with
uncertainty: through application of the expected value or utility rule. More
information about this approach is given in Chapter 5.
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It is important to recognise that the overall purpose of an MCDA is to provide a
guide to action, not to give ‘the right answer’. An MCDA model helps to stimulate
creative thinking, deepens insight and lends structure to clarify thinking. Often an
initial, rough model is constructed, mainly relying on the judgements of experts,
with participants role-playing alternative points of view to identify those areas
needing more work. This focuses subsequent efforts on only those aspects that are
crucial to obtaining an agreed result and guides the data collection process.

Applying these principles for creating an MCDA model can result in a model
that truly represents the collective expertise of a group of experts and that could be
replicated with another group of competent experts. This was demonstrated by a
replication in 2013 for the European Union of the 2010 UK drug harms study (van
Amsterdam et al. 2015). The correlation between the final weighted preference
values in the two studies was 0.993, quite unexpected from two different groups of
experts using the same criteria after changing about 10% of the scores and
reassessing all the weights. Future research should look for opportunities to confirm
this capability of ‘best practice® MCDA modelling in other settings.

16.12 Conclusion

Some critics have objected that MCDA is just a process of collecting opinions and
personal judgements, disqualifying it from being considered a proper scientific
approach. As we have seen, MCDA is based on an axiomatic theory that derives
expected utility and weighted utility as consequences of the assumption that
decision-makers are concerned to make decisions that are not self-contradictory.
The result is a theory whose elements for healthcare are usually measureable data
and subjective judgements, with the latter representing clinical judgement.
Expressing those judgements in the explicit, quantified form of value functions and
criterion weights is at first difficult for many experts, but I have found that gentle
assistance is usually welcomed and after a brief period becomes almost second
nature, with those quick to adapt, challenging others to ‘stop waffling and give us a
number’. It takes time to learn how to express one’s intuition about clinical value as
a preference score or clinical relevance as a numerical weight or uncertainty as a
probability.

When data are sparse, as in the case of drug harms, care is taken to enquire on
what basis the scores are assigned. For example, in the original decision conference
for the six painkiller drugs, the experts provided data for the three favourable effects
and one unfavourable effect (adverse skin reactions). But they were unable to locate
good studies for any of the remaining seven unfavourable effects (an astonishing
fact in itself given how many billions of tablets have been consumed over many
years worldwide), so they made direct assessments of the options on 0-100
preference scales. To do this, they relied on their extensive experience with the
drugs, their knowledge of the mechanisms of action of the drugs, theories about
pain and other considerations, all of which were openly discussed to consensus. It
is informed judgements that form the inputs to an MCDA model, not opinions.
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When data are available, they are used. If data are absent, then judgements are
made, but on predefined scales with two points on the scale clearly defined. This
enables experts to assess meaningful relative values and weights, with consistency
checks made to ensure that the relative scores of several options and the criteria
weights are defensible. Impartial facilitation helps to legitimise information,
whatever the source, and to ensure that all experts have their say. Participants are
chosen to represent the diversity of opinion about the topic, and peer review is most
vigorous at the stage of scoring and weighting, as participants express their judgements
in numerical form. It is common for experts to disagree, but assigning numbers
often reveals differences in perspective that reflect each person’s past experience.
Sharing that experience in a workshop setting provides a degree of learning that
enables a model to be constructed. The point is to create a model that represents the
current state of knowledge and judgement of a collection of experts, which
contributes to the validity and reliability of the final results.
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