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EXECUTIVE SUMMARY

This paper ams to look at the applicability of multi criteria decision analysis (MCDA) for health

technology assessment.

MCDA is aimed at supporting decision makers faced with evaluating aternatives, taking into
account multiple, and often conflictive, criteria. This manuscript begins with a critical review of
state-of-the-art methods for incorporating multiple criteria in health technology assessment
(HTA). An overview of MCDA is provided and is compared against the current NICE (Nationa
Institute for Health and Clinical Excellence) hedth technology appraisal process. A generic
MCDA modelling approach is described and the most common types of MCDA models are
detailed. The different MCDA modelling approaches are applied to a hypothetical case study.
Finaly, the issues that need to be considered for the application of MCDA in HTA are examined

along with recommendations for future research.

Most of the proposed MCDA approaches in literature use the same technique (weighted sum
approach) which may lead to the researchers/health professionals assuming that it is the only
relevant MCDA method. MCDA does not just stop at simple weighting and scoring; more
flexible approaches are available that appear to be more relevant to the NICE appraisal process
and value based pricing (VBP).

There is a semblance between main MCDA modelling approaches and other techniques (such as
programme budgeting and margina analysis[PBMA], VBP and NICE recommended table of the
summary characteristics). However, there are general practical issues that might arise from using
an MCDA approach in the HTA process and it is suggested that appropriate care needs to be
taken to address the issues identified in order to ensure the success of MCDA techniques in the

appraisal process.
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1. INTRODUCTION

In the UK, the Nationad Ingtitute for Health and Clinical Excellence (NICE) makes
recommendations to NHS after assessing new and existing medical technologies. The current
practice of NICE heath technology appraisals is based on the incremental cost-effectiveness
ratio (ICER) i.e. the incrementa cost per quality adjusted life year (QALY) gained by recipients
of treatment. Even though NICE considers other things (e.g. severity, life saving, etc) dong with
ICERs, there is concern that this approach may fail to capture other important sources of value.*®
In recognition of this issue, NICE commissioned Professor Sir lan Kennedy to carry out a study
on the relationship between innovation and the value of the technologies.* Also, recent
developments such as the patient protection and affordable care act (ACA) in America® and the
Department of Health’s decision to use value based pricing® indicate a paradigm shift towards
using other criteria along with the traditional cost-effectiveness anaysis. Multi-criteria decision
analysis can support decision makers faced with evaluating aternatives taking into multiple, and
often conflictive, criteria in an explicit manner’. In fact, a number of manufacturers
recommended the use of MCDA (in their submissions to Professor Sir lan Kennedy) but
recognised that further research is needed before their implementation in the health technology
appraisal process. This paper looks at the applicability of using MCDA techniques for evaluating
health technologies.

2. INCORPORATING MULTIPLE CRITERIAINHEALTH
TECHNOLOGY APPRAISALS

Decision makers so far have been considering cost-per-QALY ratios alongside other criteria,
such as equity and fairness, and prioritisation of interventions for vulnerable populations, in a
deliberative manner. An integrated ICER which includes other sources of value has been
proposed to allow explicit incorporation of other criteria, such as societal preferences, disease
severity, equity and benefits to caregivers, in the existing ICER framework. Societa preferences
relating to distributiona justice have been captured from surveys and included in the ICER
calculations.®® Explicit incorporation of equity in calculating ICERs for health technology

assessments has aso been considered,>*** but a need for further research has been identified.*
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A hybrid method which supplements the current ICER evauation for NICE with a
comprehensive benefits and value (CBV) review has also been proposed.*™ This approach
attempts to capture the sources of value not systematically considered at the present (such as
innovation, societal benefit, disease severity, unmet need, patient compliance and related
benefits) by using different ICER thresholds for different CBV scores.™®

Multi-criteria decision analysis has been extensively used to inform healthcare decisions,***°

setting priorities for HTAs' and other governmental issues.®*° The benefit-risk assessment of
medicines, based on multiple benefit and risk criteria including the trade-offs between the
benefits and the risks, was performed using MCDA.?*# MCDA techniques have also been used
for shared decision making between patients and doctors in the evaluation and selection of
therapies, treatments, and health care technologies.”?* These MCDA techniques were said to
identify and include the persona preferences of the patient but the complexity of the MCDA
models and the time taken to complete the model were mentioned as disadvantages.?*® Program

%628 1sed for redlocation of scarce hedthcare

budgeting and marginal analysis (PBMA),
resources, is also based on MCDA methodologies. This method has received some attention in
health sector,”* but its success has been limited due to the complexity of the approach, large

data requirements and organisational barriers.*"

Despite the use of MCDA in other health streams, it is only recently that there have been studies
that advocate the use of MCDA for HTA. A framework utilising avaue matrix was developed to
include quantifiable components that are currently considered in health decision-making to
promote transparent and efficient healthcare decision-making.® This framework was aso linked
to a quadlitative assessment including six ethical and headth system-related components of
decision to provide a tool for combining HTA, MCDA, values and ethics®. A Health England
Leading Prioritisation (H.E.L.P) study aso used MCDA to prioritise investment in preventative
health interventions.* There have also been online publications (knols) that state that the future
of HTA isMCDA, by citing asimple case study.®

However, most of the proposed MCDA approaches use the same technique (weighted sum
approach described in section 5.1) which may lead to the researchers/health professionals

assuming that it is the only relevant MCDA method. This paper attempts to provide an overview



of all the man MCDA methods available and the issues with their implementation in a
technology appraisal process.

3. MCDA vs. NICE APPRAISAL PROCESS

MCDA is amed at supporting decision makers faced with evauating aternatives taking into
account multiple, and often conflictive, criteria. The MCDA process consists of the following
phases: problem identification and structuring, model building and use; and the development of
action plans. MCDA modeling consists of four key elements. (1) the alternatives to be
appraised, (2) the criteria (or attributes) against which the aternatives are appraised, (3) scores
that reflect the value of an aternative's expected performance on the criteria, and (4) criteria
weights that measure the relative values of each criterion as compared to others.

The MCDA process is compared with the current NICE technology appraisal process as shown
in Figure 1. The first two steps of the MCDA process i.e. identifying alternatives and criteria, is

3738 \which

known as problem structuring; this is usually achieved by decision conferencing,
involves the meeting of all the relevant stakeholders. The current NICE approach includes this
problem-structuring process during the “scoping” stage to set the pre-defined options
(treatments, drugs, etc) and the key outcomes relevant for the appraisal process. The criteria for
NICE appraisals are defined in the methods guide, not separately for each appraisal, but the
scoping process alows identification of other key issues (such as disease specific outcomes, etc).
Thus, there is not much difference between the current NICE scoping approach and the first two

steps of the MCDA process.



Figure 1 MCDA and NI CE technology appraisal process
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It is in the decision making stage that the MCDA and the current NICE appraisal processes
differ. In the NICE approach, the evidence regarding the alternatives is captured and evaluated in
adeliberative manner using ICER and other criteria. In the MCDA approach, this evidence needs
to be quantified and input into mathematical models to identify the best aternative(s). The
manner in which these models are built separates the different MCDA techniques. Most of the
literature on MCDA focuses on evaluation of a “given problem with a well defined set of
alternatives and criterid’ i.e. building the models, and this will also be the focus of this paper.

This paper does not argue for or against the need for a formal mathematical approach in the



NICE technology appraisal process, it just provides an overview of the different mathematical

approaches of MCDA.

4. MCDA MODELLING

MCDA modelling comprises of using formal, transparent, mathematical approaches to measure
the overal performance of the alternatives on multiple criteria Thisis achieved by @ measuring
the dedrability of achieving different levels of performance in each criteria and b) combining
these preferences across individua criteria allowing for inter-criteria comparisons. The manner
in which thisis modelled separates the different MCDA techniques.

The different MCDA approaches can be broadly classified into three categories’:

Value measurement models. The degree to which one decision option is preferred to another is
represented by constructing and comparing numerical scores (overall value). The scores are
developed for each individua criterion initially and aggregated into higher level value models.
Almost everyone who has suggested using MCDA methodology for hedth technology
assessment suggested this approach,™**3*% however this approach is not without its constraints
as explained in section 5.1. Program budgeting and margina anaysis (PBMA)?*?%? and analytic
hierarchy process (AHP),***° another widely used MCDA technique, are aso based on this value

measurement modelling approach.

Outranking models: The dternatives are compared pair wise, initialy in terms of each criterion,
in order to assert the extent of preference for one over the other for that criterion. The preference
information across al criteria is aggregated to establish the strength of evidence favouring
selection of one aternative over other. This gpproach is not widely used but could aso be an
appropriate alternative for MCDA in HTA as it is based on direct comparison of the key
characteristics of the drugs/treatments; this is in line with the new NICE recommended table of

the summary characteristics in the ERG report.*!

Goal, aspiration or reference level models: This approach involves derivation of the
aternative(s) which are closest to achieving the pre-defined desirable (or satisfactory) levels of

achievement for each criterion.” Vaue based pricing,®* used to set the prices of
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drugs/treatments such that the ICER is under the relevant cost-effectiveness threshold, could be
implemented using this MCDA approach, provided the definition of “value’ is clearly identified
by the health organisations such as NICE or NHS.

5. (AHYPOTHETICAL) CASE STUDY

A hypothetical NICE technology appraisal process is considered with a recommendation needed
to be made between two new drugs A and B. The characteristics of each of the drugs when
compared against the best standard care are shown in Table 1. The cost effectiveness (C/E) of the
drugs is measured using net benefit (NB) caculated assuming a willingness to pay (WTP) of
£20,000/QALY:; if C/E is used to make the decision, drug B would be recommended over drug
A. However, MCDA could adso be used to compare the drugs; the three different MCDA
approaches mentioned in section 4 have been applied to this case study and are described below.
It should be noted that the criteria specified here are for demonstration purposes only. The aim of
this study is not to enter into a debate on what criteria should be used and their definitions but to
compare different MCDA techniques for incorporating multiple criteriainto the decision process,
once the relevant criteriaare identified.

Table 1 Characteristics of thedrugsin theappraisal process

DrugA Drug B
2(2) z(b)
CI/E (in terms of NB) £15,850 £25,600
Equity (%) 0.14 0.08
Innovation Innovative Less Innovative
Patient compliance (%) 0.93 0.85
Quality of evidence Good Good

Before the MCDA models can be developed, the performance of the alternatives (drugs A and B)
against the specified criteria needs to be measured in an objective manner. In order to achieve

this, measures (or scales) which can describe the desirability of achieving different levels of
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performance for each criterion need to be identified. For some criteria, such as patient
compliance, where preferences are linearly related to the attribute’s value, the attribute value z
can substitute for the performance on the criterion. However, in most cases, this needs to be
modelled as there is rarely such a simple linear relationship between attribute values (z) and
preferences. In such cases, a scae needs to be constructed to represent the performance of
aternatives; it should be noted that choosing the scales (usually ordinal or ordered-categorical
scales) to model these performance measures is not trivial, as described in section 6. In this
paper, it is assumed that scales to measure the performance of the drugs on various criteria
already exist and are specified. Furthermore, it is assumed without loss of generality that all
these scores are defined in such amanner that increasing values are preferred.

Henceforth, the performance levels of drugs A and B on ith criterion are measured on these
scales are represented as performance score values vi(a) and vi(b), respectively. For any criterion
i, performance score v;(a) is a non-decreasing function of the attribute value z;(a); this could also
be defined more generally for any criterion i as, v; = f(z), the function f is same for al
aternatives (drugs) keeping in line with the need for the performance of the different aternatives

to be measured in an objective manner.

The three different MCDA approaches mentioned are applied to this case study as below; this
allows us to demonstrate the potential advantages and pitfals of using the different MCDA
modelling approaches.

51. VALUE MEASUREMENT MODELS

This approach is based on constructing a single overal value for each aternative in order to
establish a preference order of aternatives. An aternative A is said to be preferred to B if
V(a)>V (b) where V(a) and V(b) are overal vaues (taking into account al n criteria) of A and B,
respectively. Also, thereis said to be indifference between the alternativesif V(a)=V (b).

The first step in this approach is to do preference modelling i.e. constructing the performance
levels of drugs A and B on all criteria, as shown in Table 2. The performance score values vi(a)
and vi(b) of drugs A and B on ith criterion are aso known as partia vaue functions. The
importance of different criteria is measured using the gain associated with replacing the worst

outcome by the best outcome and the weights w; represent the relative importance of ith
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criterion. The final step is to aggregate these partial value functions taking into account the
relative importance of different criteria; the manner in which this is done separates different
value measurement approaches.

In this paper, additive aggregation (also known as weighted sum approach) is described as it is
the most common vaue measurement modelling approach and it is based on the following
eguation

V@ = ) wve)

where V(@) is the overall value, w; represents the relative importance and v;(a) represents the
score of aternative A on ith criterion (usualy standardised in scales of 0-1, 0-10 or 0-100),
respectively.

Table 2 Performancelevels of drugs

Criteria () Drug A DrugB Weights
Vi (a) Vi(b) (0]
C/IE 0.72 0.84 8
Equity (%) 0.14 0.08 1
Innovation 0.91 0.62 3
Patient compliance (%) 0.93 0.85 2
Quality of evidence 0.82 0.79 3

This gpproach requires some assumptions regarding the criteria and their weights, namely
preferentia independence of criteria and the need for the weights to satisfy the trade-off
requirements. Preferential independence requires that the decision can be made using a subset of
criteria, if the other criteria are the same for all alternatives irrespective of their actual vauesi.e.
the decison can be made using only the criteria on which the aternatives differ. The weight
parameters w; aso need to follow a strict trade-off condition in order to capture the concept of
“Importance” as well as compensating for the different measurement scales of different criteria

This is achieved by swing weights which represent the gain in overall value by going from the
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worst value to best value in each criterion i.e. for any two criteria i and k, the ratio w; /w;, is the
change in vi(a) that should compensate for a unit loss on vi(a). There are a number of ways in
which these swing weights can be €licited, these techniques are not discussed here as they are

explained in detail in section V1l and in literature.’

In this case study, it is assumed that the relative weights and the performance of the aternatives
on different criteria have been identified using appropriate techniques and are as shown in Table
2. Using thisinformation, the overall values of drugs A and B can be calculated as below

V(a) = 28*0.72+1*O.14+3*0.91+2*0.93+3*0.82= 12.95

V(b) = 28*0.84+1*0.08+3*0.62+2*0.85+3*0.79= 12.73

This approach is simple to use but as observed in this scenario, poor performance on a criteria
(C/E) can be overcome by doing well in other criteria depending on the weights and partial value
functions. Also, the strict theoretical basis of this approach means that considerable caution
needs to be taken to satisfy the preferentia independence of criteria and the corresponding trade-
offs of swing weights.

5.2. OUTRANKING APPROACH

This principle of outranking is based on the general concept of dominance.®* If the two
aternative drugs A and B are such that vi(a)>vi(b) for al criteria (with strict inequality for at least
one criterion) where performance of each drug on each of the “i” criteria are vi(@)and vi(b), then
we can conclude that drug A should be preferred to drug B. In this event, drug A is said to
dominate drug B. However, this rarely occurs in practice and thus the evidence needs to be
evauated in a systematic manner. More generally, drug A outranks alternative drug B if there is
sufficient evidence to justify a conclusion that drug A is at least as good as drug B, taking all

criteriainto account.

This approach utilises outranking relation (i.e. comparing performance scores on individua
criterion to see which alternative outranks the other on that criterion) on a set of aternatives
focusing on pair wise comparisons and these par wise comparisons are used to estimate the

concordance and discordance indices. For drug A, concordance index is the evidence in favour of
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A outranking B while the discordance index is evidence against A outranking B. Similarly, for
drug B, the concordance index is the evidence in favour of B outranking A while the discordance
index is evidence against B outranking A.

The first step in estimating the concordance and discordance indices is to construct a matrix of
outranking relations from the individual scores on each criterion. The performance scores of
drugs against the individual criteriais shown in Table 3awhile the matrix of outranking relations
along with the relative weights for different criteria is as shown in Table 3b. The outranking
approach recognises that performance scores, vi(@) and vi(b), are imprecise measures so
aternative a is preferred to aternative b only if vi(a)-vi(b) exceeds a predefined “indifference
threshold”. For example, if the threshold was 0.05, aternative drug A and drug B would be
incomparable on “quality of evidence’ criteria as the difference 0.03 is less than the threshold.
Also, it is to be noted that the weights of different criteria do not need to follow the theoretical
concept of trade-offs as required by the value measurement approach, they just represent the
relative importance of different criteria

Table 3a: Performance scores of drugs Table 3b: Outranking reations and weights
Criteria (i) D\r/ilzg)A D\r/iL(lg)B Weights o; DrugA Drug B
CIE 0.72 0.84 10 a
Equity (%) 0.14 0.08 2 a
Innovation 091 0.62 1 u
Patient compliance (%) 0.93 0.85 3 u
Quality of evidence 0.82 0.79 2 - -

There are a number of ways to quantify concordance and discordance indices which correspond
to different outranking methods. In this study, ELECTRE 1* is used but the reader should bear
in mind that there are a number of other options (ELECTRE II, I, 1V, TRI®** and
PROMETHEE,® GAIA®). In ELECTRE I, the concordance index is defined as the ratio of sum
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of weights in criteriawhere drug A is at least as good as drug B to sum of weightsin al criteria
i.e.

&l gapyW

m
a Wi
i=1

C(a,b) =

where Q(a,b) is set of criteriawhere A is atleast as good as B. For the discordance index, a veto
threshold t; can be specified as below

if vi(b)- vi(a) >tifor anyi
otherwise

i1
D(a,b) =
@b)=15

The concordance and discordance indices are compared against the concordance (C') and
discordance (D) thresholds, respectively, to estimate the outranking relation. If the concordance
index (C) is greater than concordance threshold (C') and discordance index (D) is less than
discordance threshold (D’), then that drug is said to outrank the other drug. If the thresholds are
specified such that both drugs outrank each other, then they are said to be indifferent. In case of
neither drug outranking the other, the drugs are said to be incomparable. If there are more than
two alternatives (i.e. A, B, C etc) the concordance and discordance indices are estimated for each
pair to build an outranking relation using the concordance and discordance thresholds, C' and D’

respectively.

In the current case study, the concordance index of drug A against drug B is sum of weightsin
Q(a,b), set of criteria where A is at least as good as B, divided by overall sum of weightsi.e.
(2+1+3+2)/(10+2+1+3+2) = 8/18. However, the decision can be vetoed by the poor performance
of drug A in cost-effectiveness by specifying the veto threshold t; as 0.1 for C/E (drug B is better
than A in C/E by 0.12 which is greater than veto threshold t;). Similarly, the concordance index
of drug B against drug A is 10/18. If the concordance threshold (C’) is less than 0.56, drug B is
said to outrank drug A provided the veto thresholds for other criteria are not violated as the

concordance index is greater than the concordance threshold.
The advantages of this method are as below:

1. No theoretical requirement of weights as required in the value measurement models; they

just convey the relative importance of the different criteria
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2. Intuitive, reflects the current NICE process
3. Different levels of complexity: ELECTRE I, Il, 1Il, IV, TRI and PROMETHEE, GAIA

A potentia pitfall might be that this approach might lead to incomparability if two drugs are
quite similar; however, one could argue that this is appropriate for the NICE appraisal process as
further deliberation might be needed to choose between the two drugs.

5.3. GOAL PROGRAMMING

This approach is based on satisfiscing,™ where the emphasis is on attaining satisfactory levels of
performance on each criteria with preference given to the criteria in the order of importance.
Goal programming approach involves mathematical formulation of the satisfiscing heuristic, the
satisfiscing levels are predefined as “goas’ classified according to importance, and a
programming agorithm is used to identify the aternatives which satisfy the goas in the
specified priority order.>® This is the same as solving linear programs with multiple objectives so
this approach is based on linear programming (LP).

Unlike the weighted sum gpproach which involves developing partial value functions v;(a), the
goa programming method operates directly on the attribute values, z;(a), of the aternatives on
the criteria, as it is more operationaly meaningful to match measurable attributes to the goals.
The attribute values of alternative A corresponding to the “n” criteria are represented as z;(a),
Z(a), ... zn(a) while the “goals’ for each criterion are represented as g1, go,...,gn a shown in
Table4.

It should be noted that the goals vary in the direction of preference, which signifies the
relationship between the attribute value and the goal. It could be @ maximizing, i.e. the god
represents a minimum performance level which deems to be satisfactory such as attaining at least
95% patient compliance, b) minimizing, i.e. goal represents a maximum level of performance
which deems satisfactory (such as an ICER threshold of £10,000/QALY), and c) attainment, i.e.
the attribute must achieve as close to the god as possible. The difference between the attribute
values and the goals are represented as goal deviations d;* or d;” i.e. the amounts a targeted goal
is exceeded or underachieved, respectively.
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Goal programming involves minimising the goa deviations, taking the relative importance of
gods into account. There are two main variants of goal programming,® weighted goal
programming and lexicographic goa programming, which differ in the way the optimum
solution is prioritised and achieved. The weighted goa programming approach minimises the
unwanted deviations after assigning weights to the goal deviations according to their relative
importance as shown in equation below:

n
minD = Z(w{’ df + o7 dy)
i=1

such that f(x) —df +d; = g;fori =1,..,n where x is the independent variable(s), f(x) is
the attribute value z;(a) as a function of the independent variable(s), gi is the target value for ith
criteria, d;" and di” represent the negative and positive deviations from this target value while o}
and o; are the respective weights attached to these deviations. The lexicographic goa
programming formulation orders the goals into a number of priority levels and minimises them
in alexicographic manner i.e. deviation in a higher priority level being more important than any
deviations in lower priority levels. This sequential minimisation approach minimises each
priority whilst maintaining the minimal values reached by all higher priority level minimisations
by adding them as explicit constraints.

Table4 Attributes of drugs, thegoalsand weightsagaing different criteria

Criteria (i) DrugA DrugB Goals | Weights | Weights
z(a) z(b) ¢] o] ®;

C/E (measured as NB) £15,850 £25,600 | £20,000 0 10

Equity (%) 0.14 0.08 0.20 0 5

Innovation Innovative Less - 0 0

Innovative
Patient compliance (%) 0.93 0.85 0.95 0 5
Quality of evidence Good Good - 0 0

In this case study, it is assumed that patient compliance and equity is difficult to change but C/E
can be improved by changing the price of the drug (akin to value based pricing). As C/E is the
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only attribute that can be changed, it does not matter whether a weighted GP approach or a
lexicographic GP approach is utilised. In this study, the lexicographic GP approach is used with
C/E as the highest priority and all the other criteria together as the next priority. Assuming the
net benefit for drug A varies according to f(x) = 25000 — 1000x where x is the unit price of
the drug A, the price of the drug A has to be decreased by 45% (from initial price of £9.15 to
£5.00) so that the C/E goal of a net benefit of £20,000 is achieved. The NB for drug B is aready
above the specified goa threshold. Now that both the drugs have achieved the target C/E, the
anaysis can move to the next priority level which includes al the other criteria. Thus, the
deviations for drug A and B are

D(a) = ZS*0.06+5*0.02 — 04

D(b) = 25*0.12+5*0.1 - 11

Drug A performs better than drug B in terms of getting closer the equity and compliance goals,
thus, it could be recommended on the condition that its price is reduced by 25% (in order to
ensure drug A satisfies the C/E goal).

Another variation to this approach is to have a range of goas based on other criteria. For
example, the C/E could have different thresholds based on the alternative’s performance on other
criteria®™® In practice, this could be implemented by using a higher C/E threshold if the
aggregated goal deviations for other criteria are low i.e. atechnology could be assigned a higher
C/E threshold (as it performs better in achieving close to other goals).

This goal programming approach echoes similarities with value based pricing,**** but care needs
to be taken in terms of choosing the appropriate goa programming strategy based on the
definition of “value’ chosen by the heath organisations. Also, obviously, f(x) will never be as
simple as our assumption so complex cost-effectiveness models need to be built and anaysed to
identify the price of the drug such that the ICER is under the recommended threshold.
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6.

GENERIC ISSUESWITH USING MCDA

The NICE technology appraisa process already includes the identification of options

(treatments, drugs, etc) to be agppraised against the criteria specified in the NICE guidance

documents. The decision makers are also identified by NICE apriori and they comprise the

different NICE appraisa committees. Thus, the potential issues that might arise with

implementing MCDA in the HT A process are provided below

a)

b)

Appraisal specific or generic process. The MCDA process could be the same for all
technology appraisals or it could be tailored to a given gppraisa under consideration. For
example, the functions which estimate the value of aternatives against the criteria could
either be the fixed for al the appraisas or appraisal-specific functions could be built based
on appraisal characteristics. Thus, appropriate care needs to be given before deciding on

appraisal-specific process or a standard gpproach for all the gppraisals.

Choosing the criteria: This paper does not argue which criteria should be included in the
decision process, however, for the success of MCDA the criteria should satisfy certain
characteristics such as relevance, completeness, non-redundancy, understandability and
feasibility. They should aso be clearly defined, judgmentally independent and scalable (i.e.

measurable in an objective manner).

Modelling performance scores: This involves calculating the scores that reflect the value of
an option’s expected performance on the criteriain an objective manner. In some cases, the
atribute values can substitute for performance scores. However, a linear relationship
between the attribute values and performance measures is rare and an ordinal or ordered
categorical scae, also known as partial value function, needs to be congtructed. If a criterion
is not linked with a measurable attribute, the performance scores can be derived using
qualitative value scales™ or direct rating.*® Thisis not atrivial process and considerable care
needs to develop these scal es/performance scores.
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d) Understanding weights: This involves interpreting the criteria weights that measure the

f)

relative importance of one criterion compared to others. Unlike the measurement of
performance values, this depends upon the type of MCDA approach used. In the weighted
sum approach, the meaning of weights is clearly defined in terms of the trade-offs between
the criteria and thus “swing weights’ need to be estimated. As the swing weights are
dependent upon the scales, care needs to taken when using different performance scales; also,
the weights need to adhere to some theoretical constraints in the weighted sum approach.
There are no explicit weights in goa programming approach but the relative importance of
criteria is specified using gppropriate deviations from the aspiration levels. The outranking
approach uses weights in the concordance index; these weights convey the relative
importance but do not have to satisfy any conditions. It is imperative to ensure that the
decision makers understand and interpret the meaning of these weights before they are asked

to provide the numeric inputs to estimate the weights.

Modelling weights: The relative importance of different criteria is elicited/modelled as
weights; this is done after the decision makers are informed of the meaning of weightsin the
specific MCDA context. Swing weights, which use trade-off methods to capture both
importance as well as the effect of measurement scales, are relevant for value measurement
methods and goal programming. Outranking methods uses just “importance weights’, there
is no standard method to elicit these weights as they are difficult to interpret, but swing
weights can be applied in this method as well. The weights (i.e. preferences of the individual
decision makers) are captured in a workshop setting using deliberation, visual analogue
scales or by direct rating of aternatives. However, discrete choice experiments (DCEs),>>°
are preferred in case of a number of decision makers/participants. DCEs present participants
with hypothetical scenarios (choice sets), described using consistent set of criteria, as a
survey; the data on participants choices is collected and statistically analysed to dlicit the

relative importance that decision makers place on different criteria.”’

Group dynamics: The decison committee includes a number of individuas, thus appropriate
care needs to be taken in the collection and aggregation of the individuals' preferences (both

in modelling criteria weights as well as preference scores). The method for aggregation of

20



9)

individuals' preferences is dependent on whether a consensus needs to be achieved by the
committee. If a consensus is necessary, the individuals in the committee need to
share/compare their values in order to identify issues of conflict and achieve common
ground. Otherwise, the overall value can be calculated as an average of the individua values

which could be anonymous if need be.

Uncertainty modelling: There are three main areas of uncertainty involved with using MCDA
in HTA process, namely: uncertainty in problem structuring (i.e. choosing right MCDA
model, criteria, level of detail etc); uncertainty with evidence of different aternatives and
imprecision in modelling (i.e. uncertainty in performance scores, criteria weights, thresholds
etc). Structural uncertainty is hard to capture and is out of the scope of this paper. Due to the
interdependence of the other two uncertainties, appropriate care needs to taken in performing

uncertainty analysis.

The uncertainty in clinical and cost effectiveness as well as other evidence (usualy caused by
extrapolating the data from a randomised controlled trial to a genera population) has a direct
effect on committee members’ preferences; thus, it should be ensured that they understand
this uncertainty in evidence. Scenario analyses® multi attribute utility theory,> fuzzy
logic,®® and stochastic multicriteria acceptability analysis™ can be used to capture this
uncertainty. Value of information analysis has also been identified recently by the MCDA
community as having the potential to evaluate the benefits of collecting additiona

information on uncertain evidence.®

Modelling imprecision i.e. uncertainty in criteria values, weights and thresholds is also
evident during the aggregation of the preferences of individuals in the decision committeg;
all the mean values are associated with the standard deviations which represent the variability
in the preferences of the committee members. Sensitivity anaysis can be performed to see
the robustness of results to changes in the model parameters. Probabilistic sensitivity anaysis
(PSA) can aso be used to capture and propagate the parameter uncertainty with the help of

Monte-Carlo simulation techniques.®®
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h) Other practical issues. Appropriate thought needs to given to the practical aspects such as
whether to train all the committee members in the relevant techniques of MCDA or whether
to have a facilitator(s) to help use the techniques in the decision process. Also, the MCDA
techniques rely on preference capturing, statistical analysis and synthesizing data which may
require specidist software or programs; thus the relevant software/program requirements
need to be identified. This also relates to other practical issues such as the methods of data
capturing (survey sheets on paper, computer based forms, etc) and data aggregation. Data
aggregation involves capturing the individua committee members preferences and
transferring them into gppropriate software; this could be done in real time or in between the
meetings. Appropriate caution needs to be taken for consistency in the transfer of data (from
members preferences to software); it must also be decided whether this data is visible and
accessible to al the committee members. The MCDA model devel oped needs to be explored
to ensure the robustness of key factors; this can be performed either pre-meeting, during the
meeting or post-meeting depending on the availability of MCDA facilitator. Finaly, the
model outputs need to be visualised and incorporated into the final documentation along with
the recommendations.

7. CONCLUSIONS

MCDA has been suggested for use in HTA but most of the recommendations are based on the
weighted sum approach. An overview of the MCDA process is provided and is compared against
NICE process; it is identified to be similar to the existing NICE appraisal process but with the
addition of a formal mathematical approach to decision making. The main MCDA modelling
approaches are described and their semblance to other techniques (such as PBMA, vaue based
pricing and NICE recommended table of the summary characteristics) was identified. These
MCDA approaches are applied to a hypothetical case study and their potentid strengths and
weaknesses are outlined. The general practical issues that might arise from using an MCDA
approach in the HT A process are also described. It is suggested that appropriate care needs to be
taken to address the issues identified in order to ensure the success of MCDA techniques in the

appraisal process.
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