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ABSTRACT

Background: Our study applies an existing decision-analytic tool in the pharmaceutical 
environment with the aim of eliciting preferences for treatment outcomes that provide 
clinical and psychologically relevant data for regulatory decision-making while imposing a 
low cognitive burden on patients. Methods: A web-based field experiment was conducted 
among 62 multiple sclerosis (MS) patients to apply the Measuring Attractiveness by a 
Categorical Based Evaluation Technique (MACBETH) to elicit preferences for outcomes 
that are possible with several MS treatments: three efficacy outcomes (number of relapses, 
time to disease progression and disease progression) and three safety outcomes (risk for 
progressive multifocal leukoencephalopathy, liver failure and leukemia). Outcome value-
function profiles were derived from individual judgments elicited from the patients, and 
logistic regression models were used to evaluate the relationship between the shapes of 
the value functions and disease and demographic characteristics. Weighting judgments 
were also elicited from the patients. Results: The qualitative elicitation procedure used 
by MACBETH allowed patients to provide consistent judgments that are clinically and 
psychologically relevant for decision making, with many patients providing positive 
comments on the ease of using and responding to the questionnaire. The majority of 
value functions were non-linear, meaning that patients’ preferences are not proportional 
to outcome levels. Patients do not equally weigh the MS outcomes. Conclusions: A 
decision analytic technique like MACBETH that utilizes a qualitative preference elicitation 
procedure can be easily integrated into a pre- or post-authorization setting and the results 
included in the regulatory approval process. Regulatory authorities and the industry 
should consider the application of this non-numerically based method to increase their 
understanding of patient preferences and to use these data as supportive inputs in their 
decision-making processes. 
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INTRODUCTION

Numerous evaluations of patient-centred approaches to medical decisions have shown that 
shared decision making is an essential part of providing high-quality health care (1-4). 
Despite the collected evidence, the development and the uptake of decision aids to support 
shared decision making remains a challenge. Within the drug development and regulatory 
setting, patient involvement has been predominantly passive, consisting of the recording of 
patients’ responses to the treatment drug and the collection of patient-reported outcomes 
(PROs) during a clinical trial. There are signs that this limited involvement of patients may 
not be wholly reflective of patients’ preferences, and several pharmaceutical companies have 
begun to seek other means of interacting with patients and their representatives to gain 
greater insight into patients’ needs and to use this knowledge as inputs for development 
decisions (5, 6). Similarly, regulatory agencies have in recent years established means 
for interacting with patients and patient groups, including inviting patients or patient 
representatives to be members of regulatory decision-making committees (7, 8). Despite 
this evolution, patient groups continue to voice the need for greater transparency of and 
involvement in health policy decisions, in some cases challenging the decisions made by 
regulators to withhold or withdraw market authorizations (9).

The inherent tension between the regulator and the recipients of the regulation is 
amplified within the pharmaceutical environment by the lack of transparency of the 
regulatory decision process and the paucity of empirical data on the preferences of 
patients and the trade-offs between the benefits and risks of a drug that patients are 
willing to accept (10). Consequently, several methodologies (conjoint analysis, discrete 
choice, trade-off analysis, multi-criteria decision analysis or MCDA, etc.) designed 
for exploring preferences in other contexts are being explored by both regulators and 
pharmaceutical companies as means of increasing transparency in the decision-making 
process and for measuring health preferences (11-16). However, there are limitations 
to several of the above methods in that they fail to address key requirements for the 
systematic collection of patient preference data. 

This study builds on research previously conducted to evaluate several decision analysis 
tools and their usefulness for the drug regulatory process (17). Phillips et al. showed that 
additive value measurement—the type of MCDA model most often used for managerial 
and policy choices (18-20)—can be used by regulators to add transparency to the decision 
process. By using direct-rating techniques for scoring and weighting, those researchers 
showed that numerical value judgments can be elicited from regulatory decision makers 
and used as inputs in a transparent drug decision model (21). A drawback to using this 
numerical value-elicitation technique among patients is the difficulty some people, 
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particularly those less numerate, may experience in expressing judgments in terms of 
numbers. The impact of numeracy on decision making has been well established by 
Gigerenzer, Peters and others (22-25). A recent study showed that a non-numerical value-
elicitation technique, MACBETH, was easier to use for people with low levels of numeracy 
than the numerically based direct- rating technique (26). MACBETH is an acronym for 
the Measuring Attractiveness by a Categorical Based Evaluation Technique, which has 
been widely applied in many decision-making contexts over the past two decades (27, 
28). In the research conducted by Phillips et al., only regulators were included in the 
application of multi-criteria value measurement to decisions about medicinal drugs (17, 
21). However, this approach can also be used among patient populations to elicit their 
preferences, and the resulting data can be used as supportive inputs for a patient-friendly 
and straightforward drug decision model. 

There is a need for a preference elicitation method ‘with a low cognitive burden’ that 
also ‘adequately informs’ healthcare decision making both in and outside the clinical 
setting (14). In order to fulfil these two requirements, the method should not only be 
theoretically sound but also easy to use with patients and deployable in a clinical trial 
setting without increasing the complexity inherent to this process. It should also provide 
data that is readily understood by both patients and experts and that can be integrated 
into the existing regulatory decision process. Moreover, the value judgments elicited 
from the patients should permit a threefold analysis that is clinically and psychologically 
significant: to identify different types of patient value-function profiles in several 
outcomes (an issue not addressed by many methods); to appraise differences in the 
relative importance given by patients to improvements in the outcomes and to evaluate 
the relationship between gender, age and disease characteristics with patients’ values. 

The aim of our study is to verify the extent to which the application of MACBETH 
to the elicitation of patient preferences addresses these needs. Multiple sclerosis (MS) 
was considered an appropriate disease area for this proof of concept study for several 
reasons: demographic characteristics indicating an articulate patient population very 
knowledgeable of their disease, the availability of several treatment options on the market 
with a diverse set of potential adverse side effects and the differences in preferences 
between regulators and the MS patients evident in the case of natalizumab, an MS drug 
that was removed from and then returned to the market due to strong patient advocacy 
(29). Prior to reporting on our study, we present MACBETH in comparison with two 
well-known numerical and non-numerical elicitation techniques for the construction of 
additive value models. To ease the explanation of the above-mentioned techniques, we 
include examples relevant to MS. 
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The MACBETH Non-numerical Value Elicitation Technique
MACBETH bases the construction of value functions and the weighting of treatment 
outcomes on qualitative pair-wise comparisons of levels within each outcome and across 
outcomes, respectively. Among the many outcomes of MS treatments, consider the 
‘number of relapses in the next five years’, ranging from 0 (no relapse) to a plausible 
maximum of 4 relapses (as in Table 1). All other outcomes being equal, a patient will 
always prefer to experience the minimum relapses possible; however the order of preference 
may not always be evident. Therefore, in order to assess ordinal preference information 
between two different levels, patients can be asked which level is preferred. Subsequently, 
cardinal preference information can be elicited to build a measurable value function by 
asking patients about differences in attractiveness (value) between levels (18, 30). For 
example, to appraise whether the value function for the number of relapses is linear, 
one can ask the patient if a given decrease in the number of relapses is valued equally or 
not within the 0–4 range (e.g. is the decrease of 1 relapse between 3 and 2 as attractive 
as the decrease of 1 relapse between 2 and 1 or between 1 and 0?). To assume linearity 
seems controversial as ‘there is no inherent reason for the values of the levels to be evenly 
spaced’ (31; p.131); however, many health studies implicitly assume linear preferences in 
every outcome (15, 32-36).

There exist several techniques to build value functions (18, 37, 38). For simplicity, consider 
that the endpoints of the performance scale, that is, 0 and 4 relapses, were set as reference 
levels with numerical scores of 100 and 0 automatically assigned to them, that is, v(0)=100 
and v(4)=0. Following the reasoning behind the bisection (or mid-point splitting) 
elicitation technique (39), a patient could be asked if the preference difference between 
4 and 2 relapses is equal to the preference difference between 2 and 0 relapses. A ‘yes’ 
would indicate linearity and permit the assignment of the mid-score of 50 value points to 
2 relapses; a ‘no’ would contradict linearity. The numerical direct-rating technique could 
also be used to score the intermediate levels by asking the patient to rate each one of these 
levels on the 0–100 value scale according to the perceived differences in value regarding 
the reference levels. For instance, if the ratings of 60, 50 and 40 points were assigned 
respectively to 1, 2 and 3 relapses, this would indicate that the patient perceives the same 
difference in value when changing from 4 to 3 relapses (a difference of 40 between 40 
and 0) and from 1 to no relapse (a difference of 40 between 100 and 60). Differences in 
the perception of value should be checked with the patient, and if the patient does not 
agree then the ratings should be revised. Good elicitation practice requires ‘a number 
of consistency checks’ (37), even if some of them are redundant. Following on from the 
above example, the patient could also be asked if the preference difference between 1 and 
no relapses (a difference of 40 value points) is twice the preference difference between 
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3 and 1 (a difference of 20 value points). Alternatively, instead of directly rating the levels, 
numerical estimations of the ratios between preference differences could be elicited: first 
asking the patient to identify which preference difference between consecutive levels is 
the smallest and then comparing the remaining differences between consecutive levels 
with the identified smallest difference. Suppose that a patient answered that a decrease 
from 4 to 3 relapses would give the smallest increment in value; the next question would 
then be ‘how many times is the decrease from 3 to 2 greater in value (if not equal) than 
the decrease from 4 to 3 relapses? 

The above-described techniques require expressing preference judgments either directly 
using numbers or by answering preference difference questions requiring the comparison 
of two intervals of outcome levels (25, 26, 37). In order to avoid the cognitive burden 
of these questioning modes, MACBETH asks for qualitative answers that involve only 
two levels at a time. Indeed, as remarked by Malakooti, ‘the preference difference 
questions (quaternary) are more difficult to answer than the paired comparison questions 
(binary) because they involve four components instead of two and may require precise 
assessment’(40). The MACBETH questioning mode is based on seven qualitative categories 
of difference in attractiveness and relies on binary pair-wise comparison questions of the 
type ‘Is there “no” difference between the two levels (indifference), or is the difference 
“very weak”, “weak”, “moderate”, “strong”, “very strong”, or “extreme”?’. Using linear 
programming, MACBETH proposes value scores for the levels that respect the preference 
information implicit in the patient’s answers to the above questions. In other words, the 
scoring scale proposed by MACBETH preserves not only the patient’s preference order 
of the levels but also the order between differences of preference; for example, if a patient 
judged 2 relapses strongly preferable to 3 relapses and 1 relapse moderately preferable 
to 2 relapses, then the value function should respect the following ‘condition of order 
preservation’ (COP): v(2) – v(3) > v(0) – v(1). A set of MACBETH judgments is consistent 
if and only if there exists at least one scoring scale that respects all the conditions of 
order preservation (28). In this way, MACBETH never proposes scores for inconsistent 
sets of judgments—a key methodological distinction from other pair-wise comparison 
approaches. Note that for MACBETH judgments of a same category (e.g. two ‘strong), 
there is no inherent reason that the respective differences of scores should be equal, and 
therefore no condition is imposed for them. Nonetheless, for a given set of consistent 
judgments, whenever possible MACBETH proposes scores that verify this property 
by setting all ‘very weak’ value differences equal to 1, all ‘weak’ differences equal to 2, 
all ‘moderate’ differences equal to 3, all ‘strong’ differences equal to 4, all ‘very strong’ 
differences equal to 5 and all ‘extreme’ differences equal to 6. However, in general, if it 
is not possible to respect all the COPs and at the same time represent all categories by a 
single number, then the proposed scores are such that the categories are represented by 
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intervals of numbers as small as possible. This is mathematically achievable by solving 
the linear problem that consists of minimizing the score of the most preferred level, 
subject to the COP;  for details, see (41) and the more generic formulation presented in 
the Appendix that is particularly useful in decision conferencing contexts (42). 

For a treatment outcome with n levels, at least n-1 MACBETH judgments should be 
elicited because this is the minimum needed to appraise the shape of the value curve. Note 
that in order to completely build the value function, more than n-1 judgments would have 
to be elicited. Moreover, the construction of an additive value model would require the 
numerical value scales proposed by MACBETH to be interval numerical scales, which 
could be achieved by performing additional consistency tests. This is the phase where 
the non-numerical MACBETH becomes technically equivalent to the numerical direct 
rating of levels or differences between levels. 

MACBETH and MCDA
In the MCDA field, the closest comparators of MACBETH are two other widely used 
approaches: Edwards’ Simple Multi-Attribute Rating Technique or SMART (43), or more 
precisely SMARTS (‘SMART using swings’) (44) and Saaty’s Analytic Hierarchy Process 
or AHP (45-47). All three approaches make use of simple additive aggregation models 
by which an overall score for each option is calculated by adding the products of option 
scores on the outcomes by the respective weight. The structuring phase of their MCDA 
processes is essentially the same and can be translated to the drug regulatory context of 
choice between treatment options as follows: definition of the evaluation criteria, that 
is, selection of the treatment outcomes and the plausible ‘performance’ levels for those 
outcomes; analysis of specified treatment options as to how well they ‘perform’ in terms 
of the outcomes. In the evaluation phase, scores reflecting relative (‘partial’) value of 
the outcomes are assigned to the treatments, and numerical weights are also assigned to 
the treatments. However, in building the evaluation model, the three approaches follow 
different scoring and weighting procedures. On the one hand, MACBETH and SMART(S) 
are ‘technically equivalent’ (26); they are founded on the same theoretical principles of 
difference (value) measurement and the conditions of measurable value functions that 
provide the rationale for constructing an additive value model over the set of outcomes 
(30, 48, 49). For this purpose, the construction of the value functions requires in both 
techniques the comparison of intervals of value to ensure they verify interval scale 
properties, as described above. However, it has been shown experimentally that the 
two techniques are not ‘psychologically equivalent’; ‘that is, they are not perceived and 
experienced in the same manner by decision makers’ (26). The questioning procedures 
of the two techniques differ; in applying SMART(S), the analyst asks decision makers 
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to produce direct numerical representations of their preferences. MACBETH asks for 
non-numerical pair-wise comparisons of differences in value (26). Using qualitative 
pair-wise comparisons is a common feature of MACBETH with AHP (47); however, AHP 
is not founded on difference value measurement (nor on traditional Decision Analysis 
axioms) and both MACBETH and AHP differ on the type of pair-wise comparisons 
asked—difference value judgments in MACBETH and ratio judgments in AHP. This 
may be pointed out as an advantage of MACBETH, besides its theoretical robustness, as 
interval judgments are less cognitively demanding than ratio ones (37). Moreover, there 
is one fundamental distinction between MACBETH and AHP in that they use completely 
different technical procedures to derive numerical values from pair-wise comparison 
judgments. As described, MACBETH makes use of mathematical programming to impose 
that the scoring scale should verify the COP constraints that guarantee respect of the 
respondent’s judgments; however, equivalent order preservation conditions (formulated in 
terms of ratios instead of differences) are not always verified by the eigenvalue procedure 
used in AHP (50).

Technically, the weights in an additive model are scaling constants that represent the 
correspondence between value units for one outcome compared to another. A major 
error is the attempt to assign weights that reflect the ‘importance’ of the criteria without 
reference to any considerations of the outcome ranges and how much each one of them 
matters to the patient (42). The weighting procedures in Saaty’s AHP (45) and Edwards’ 
SMART (43) both suffer from this ‘most common critical mistake’ (51) either in asking 
‘how many times is an outcome more important than another’, or by numerically rating 
‘how much more important is an outcome than the least important outcome’, respectively 
(52). Ward Edwards recognized this error and corrected it in SMARTS (44) with the 
introduction of  ‘swing weighting’ (18, 37); the decision maker is presented with the 
‘swings’ from the lower to the upper reference levels of the outcomes (the best and worst 
levels in the MS study) and is asked to identify the most important swing (‘important’ in 
terms of relative contribution to the overall value of treatments). This swing is assigned 
a weight of 100 and then the decision maker should numerically rate the other swings 
relative to it.

Like AHP, the MACBETH weighting procedure is based on pair-wise comparisons; 
however, the qualitative judgments are between swings and not between the outcomes 
directly. In MACBETH qualitative swing weighting, two types of judgments are elicited 
from the patient for each swing and across swings using the MACBETH categories 
(null, very weak, weak, moderate, strong, very strong or extreme). As for scoring, 
the judgments are used to propose a numerical weighting scale by running the LP-
MACBETH software.



177

4.1

VALUES AM
ONG M

ULTIPLE SCLEROSIS PATIENTS

Table 1. Multiple sclerosis outcomes and levels

MS Treatment Outcomes Levels

Number of relapses during next five years No relapse

1 relapse

2 relapses

3 relapses

4 relapses

Time (from today) until your disease worsens 8 years

6 years

4 years

2 years

Disability due to disease progression No disability

Mild disability

Moderate disability

Early cane – can walk up to 25 feet without cane

Late cane – cannot walk up to 25 feet without cane

Bilateral support

Wheelchair/Scooter
Bedridden

Chance of dying from liver failure within 10 years None would die

15 patients out of 1000

30 patients out of 1000

45 patients out of 1000

Chance of dying or severe disability from PML 
within 10 years

None would die

15 patients out of 1000

30 patients out of 1000

45 patients out of 1000

Chance of dying from leukemia within 10 years None would die

15 patients out of 1000

30 patients out of 1000

45 patients out of 1000

MS = Multiple sclerosis; PML = Progressive multifocal leukoencephalopathy

METHODS

The study required redesigning the existing MACBETH software to make it appropriate for 
collecting preferences for treatment outcomes in MS within a web-based environment and 
then eliciting through the website individual judgments from patients for several possible 
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MS outcomes for within-treatment and across-treatment outcomes. Three favourable and 
three unfavourable outcomes (Table 1) were selected as drug evaluation criteria. The choice 
of outcomes and the corresponding levels were based on a review of applications of other 
preference elicitation methods in MS, regulatory guidelines for the clinical assessment 
of MS treatments and in consultation with medical experts conducting clinical trials 
in MS (53-58). The favourable outcomes reflect the efficacy that may be achieved when 
taking MS treatments: reduction in number of relapses in five years; reduction in the 
time to disease progression and reduction in the disability due to disease progression. 
The unfavourable outcomes selected are safety outcomes that have been associated with 
taking MS treatments: increase in the risk of progressive multifocal leukoencephalopathy 
(PML, observed during treatment with natalizumab); increase in the risk of liver failure 
(observed during treatment with interferon beta) and increase in the risk for leukemia 
(observed during treatment with mitoxantrone). Prior to launching the study website, 
the study protocol was reviewed by the research ethics board at the London School of 
Economics and Political Science (LSE) and was tested for clarity and ease of use among 
30 students at the LSE Behavioural Research Lab. 

Patient Recruitment
The UK Multiple Sclerosis Society collaborated with the study investigators and agreed 
to recruit patients by emailing their member network to announce the study and request 
participation. All names and contact details of members were retained by the UK MS 
Society and all data collected were anonymous. Patients who agreed to participate were 
sent an email with a website link along with a username and automatically generated 
password to allow access to the study site (a demo version can be found at http://www.
banaconsulting.com/MSStudyDemo). The site was built on the WISED® web platform 
in which the MACBETH questioning procedure and technique have been implement. 
Once on the site patients were given a description of the study objectives and were asked 
to respond to eligibility questions (to confirm they are at least 18 years old and diagnosed 
with MS). If eligible to participate, the patients were shown an informed consent screen 
requesting consent to use the data for research purposes. The questionnaire was available 
on the study website for a total of six weeks; however, patients were asked to complete 
the questionnaire within two weeks. After the two-week period a reminder email was 
sent by the MS Society to request patients who had not completed the questionnaire to 
continue with the study or indicate that they no longer wished to do so. 

The questionnaire was structured in two sections. The first section is devoted to the 
elicitation of a sequence of within-outcome value judgments from each patient, with 
the aim of deriving value-function profiles (the shape of the value curves) for each of 



179

4.1

VALUES AM
ONG M

ULTIPLE SCLEROSIS PATIENTS

the six outcomes. The second section concerns the elicitation of a sequence of across-
outcomes value judgments to derive swing weights for the outcomes. The questioning 
procedures used in this study were designed to reduce the cognitive burden for patients, 
by minimizing the number of different questions and the number of judgments elicited.

Elicitation of Value Function Profiles 
The qualitative responses were collected using the MACBETH pair-wise questioning 
procedure. For each pair of treatment levels presented on the screen, the question asked 
is always the same: ‘What is the difference in attractiveness between the two outcome 
levels’ (see an example in Figure 1). The respondent had to choose one of the MACBETH 
categories. The questions continued until the judgments for all the consecutive levels 
within each of the outcomes had been elicited.

Elicitation of Weighting Judgments 
Following the elicitation of value function profiles, a five-step process was used to further 
elicit qualitative weighting judgments (see Figures 2a-2c). Prior to beginning the elicitation 
of weights, patients were provided with an introduction to the weighting steps with a 
description of what they would be asked to do. The weighting steps were as follows. In 
Step 1, patients were shown all the treatment outcomes included in the study and the 
respective ranges and were then asked to select the outcome with the most preferred 
swing, that is, the outcome where going from the worst level to the best level was most 

was sent by the MS Society to request patients who had not completed the questionnaire to 

continue with the study or indicate that they no longer wished to do so.  

The questionnaire was structured in two sections. The first section is devoted to the elicitation 

of a sequence of within-outcome value judgments from each patient, with the aim of deriving 

value-function profiles (the shape of the value curves) for each of the six outcomes. The 

second section concerns the elicitation of a sequence of across-outcomes value judgments to 

derive swing weights for the outcomes. The questioning procedures used in this study were 

designed to reduce the cognitive burden for patients, by minimizing the number of different 

questions and the number of judgments elicited. 

Elicitation of Value Function Profiles  

The qualitative responses were collected using the MACBETH pair-wise questioning 

procedure. For each pair of treatment levels presented on the screen, the question asked is 

always the same: ‘What is the difference in attractiveness between the two outcome levels’ 

(see an example in Figure 1). The respondent had to choose one of the MACBETH 

categories. The questions continued until the judgments for all the consecutive levels within 

each of the outcomes had been elicited. 

Figure 1. Example of qualitative pairwise comparison between two outcome levels. Figure 1. Example of qualitative pairwise comparison between two outcome levels.
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desirable. In Step 2, they were asked the question ‘How desirable is this improvement?’ 
All the outcomes not selected were concealed, the MACBETH categories were shown 
and the patient had to choose one of them. In Step 3, patients were asked to choose the 
second next important outcome swing, that is, the most desirable of the remaining swings, 
with the outcome previously selected concealed. In Step 4, as with the first outcome, 
patients were asked to judge the desirability or the importance of going from the worse 
level to the best level in the second selected outcome. In Step 5, patients were presented 
with their two most important swings and asked to compare them, that is, ‘How much 
more desirable is the improvement on the left when compared to the one one the right?’ The 
qualitative swing weighting judgments for the third to sixth outcomes were elicited in 
the same manner. The responses to all the questions were used to determine the weights 
proposed by MACBETH for each patient and for all six outcomes.

Patient Feedback
A comment box was created at the end of the questionnaire to allow patients to given 
open-ended comments about any aspect of the questionnaire. They could either provide 
a comment, indicate ‘I don’t want to answer’ or end the questionnaire. These responses 
were reviewed to detect possible patterns among the comments.

The VALUE Study - Value and Utilities in European Patients 

European Medicines Agency (EMA) 

University of Groningen (UMCG) 

EMA\UMCG Collaboration 

1  2  3  4  5  6  7  8  9 10 11 12 13 14 Question number: Next Previous Quit Pause 

Which of the folowing improvements is the most important? 

Number of 
relapses 

4 relapses in the 
next 5 years 

0 relapses in the 
next 5 years 

Time to disease 
progression 

2 years 

8 years 

45 in 1000 MS 
patients in the next 

10 years 

0 people in the 
next 10 years 

Number of deaths 
due to leukimia 

0 people in the 
next 10 years 

Number of deaths 
or severe 

disabilities due to 
PML 

45 in 1000 MS 
patients in the next 

10 years 

Number of deaths 
due to liver failure 

0 people in the 
next 10 years 

45 in 1000 MS 
patients in the next 

10 years 

Disability due 
disease 

progression 

Bedridden 

No disability 

Figure 2a. Step 1 of qualitative swing weighting questions 
Figure 2a. Step 1 of qualitative swing weighting questions
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The VALUE Study - Value and Utilities in European Patients 

European Medicines Agency (EMA) 

University of Groningen (UMCG) 

EMA\UMCG Collaboration 

1  2  3  4  5  6  7  8  9 10 11 12 13 14 Question number: Next Previous Quit Pause 

How desirable is this 
improvement? 

Number of 
relapses 

4 relapses in the 
next 5 years 

0 relapses in the 
next 5 years 

Time to disease 
progression 

2 years 

8 years 

45 in 1000 MS 
patients in the next 

10 years 

0 people in the 
next 10 years 

Number of deaths 
due to leukimia 

0 people in the 
next 10 years 

Number of deaths 
or severe 

disabilities due to 
PML 

45 in 1000 MS 
patients in the next 

10 years 

Number of deaths 
due to liver failure 

0 people in the 
next 10 years 

45 in 1000 MS 
patients in the next 

10 years 

Disability due 
disease 

progression 

Bedridden 

No disability 

No difference 

extreme 
very strong 
strong 
moderate 
weak 
Very weak 

Figure 2b. Step 2 of qualitative swing weighting questions 

Figure 2b. Step 2 of qualitative swing weighting questions

Figure 2c. Step 5 of qualitative swing weighting questions

The VALUE Study - Value and Utilities in European Patients 

European Medicines Agency (EMA) 

University of Groningen (UMCG) 

EMA\UMCG Collaboration 

1  2  3  4  5  6  7  8  9 10 11 12 13 14 Question number: Next Previous Quit Pause 

How much more desirable is the improvement on the left when compared to the one on 
the right? 

2 years 

8 years 

Time to Disease 
Progression 

Disability due to  
Disease 

Progression 

No Disability  

Bedridden 

Very Strong 
Strong 

No difference 

extreme 
very strong 
strong 
moderate 
weak 
Very weak 

Figure 2c. Step 5 of qualitative swing weighting questions 

Patient Feedback 

A comment box was created at the end of the questionnaire to allow patients to given open-

ended comments about any aspect of the questionnaire. They could either provide a 

comment, indicate ‘I don’t want to answer’ or end the questionnaire. These responses were 

reviewed to detect possible patterns among the comments. 

Data Analysis 

All demographic and clinical characteristics are presented as frequencies and percentages. 

Missing data were not imputed and were not included in the calculation of the percentages. 

Value Function Profiles 
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Data Analysis
All demographic and clinical characteristics are presented as frequencies and percentages. 
Missing data were not imputed and were not included in the calculation of the percentages. 

Value Function Profiles
The MACBETH judgments elicited from the patients allowed appraisal of the shape of 
each patient value curve for each outcome and to categorize them into five types—linear, 
concave, convex, mixed and s-shaped curves—illustrated in Figure 3, with value decreasing 
from the minimum to the maximum plausible levels (e.g. 0 and 4 relapses, respectively). 
This is the patients’ direction of preference for the most preferred level to the least preferred 
level for all the outcomes. Profile 1, linear, depicts a linear value function. This indicates 
little or no change to value differences between consecutive levels of the outcome. Profile 
2, concave, indicates that patients are more sensitive to differences between high levels 
of the treatment outcome than between lower levels of the treatment outcome. Profile 3, 
convex, reveals the opposite, that is, that patients are more sensitive to differences between 
lower levels. Profile 4, mixed, shows that patients are more sensitive near the extremes 
of the range than in between intermediate levels. On the contrary, Profile 5, s-shaped, 
indicates they are more sensitive between intermediate levels. The distribution of value 
function Profiles 1–5 will be presented for all MS outcomes.

Ranking of the weights
The MACBETH weighting judgments elicited allowed the rating of the outcome swings; 
however, only the rankings were analysed in terms of the percentage of patients for which 
each outcome was ranked, that is, first, second and third through to the sixth.

Multivariate Analysis of MACBETH Value Judgments 
The relationship between the value profiles and some MS and demographic characteristics 
was assessed. The value profiles were categorized as linear (1) and non-linear (2-5). 
Logistic regression models were fitted to the data to assess the predictability of clinical 
and demographic characteristics on a binary dependent variable, that is, linear value 

The MACBETH judgments elicited from the patients allowed appraisal of the shape of each 

patient value curve for each outcome and to categorize them into five types—linear, concave, 

convex, mixed and s-shaped curves—illustrated in Figure 3, with value decreasing from the 

minimum to the maximum plausible levels (e.g. 0 and 4 relapses, respectively). This is the 

patients’ direction of preference for the most preferred level to the least preferred level for all 

the outcomes. Profile 1, linear, depicts a linear value function. This indicates little or no 

change to value differences between consecutive levels of the outcome. Profile 2, concave, 

indicates that patients are more sensitive to differences between high levels of the treatment 

outcome than between lower levels of the treatment outcome. Profile 3, convex, reveals the 

opposite, that is, that patients are more sensitive to differences between lower levels. Profile 

4, mixed, shows that patients are more sensitive near the extremes of the range than in 

between intermediate levels. On the contrary, Profile 5, s-shaped, indicates they are more 

sensitive between intermediate levels. The distribution of value function Profiles 1–5 will be 

presented for all MS 

outcomes.

(1) Linear                (2) Concave                 (3) Convex                    (4) Mixed                     
(5) S-shaped 

Figure 3. Types of value function profiles. 

Ranking of the weights 

The MACBETH weighting judgments elicited allowed the rating of the outcome swings; 

however, only the rankings were analysed in terms of the percentage of patients for which 

each outcome was ranked, that is, first, second and third through to the sixth. 

Figure 3. Types of value function profiles.

 (1) Linear (2) Concave (3) Convex (4) Mixed (5) S-shaped
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function = 0 and non-linear value function =1. A forward stepwise selection method 
was used with entry and removal criteria at <.05 and >.10, respectively, for the predictor 
variables. Only statistically significant variables were kept in the model. 

RESULTS

Description of the Study Population
The study was launched in October 2011 and completed in December 2011. A total of 62 
(21%) patients from the 300 member network of the UK MS Society participated in the study; 
however, only 55 (88%) patients provided questionnaires with no missing data. The age range 
of the study population was 30–75 years. The participants were predominantly female (76%), 
with 95% having more than 12 years of education. Table 2 reflects the disease history of the 
study population and shows a wide distribution of disease subtypes, with the highest subtypes 
being relapsing remitting (37%) and secondary progressive (37%). Ninety-one percent of the 
patients had lived with MS symptoms for more than five years, almost all the patients had some 
disability due to MS (92%) the majority of the study population reported being able to walk (81%).  

Table 2. Clinical characteristics of the study population

Variable Characteristic Frequency Percentage

Multiple sclerosis subtype Benign MS
Relapsing remitting

Highly active relapsing remitting
Secondary progressive
Primary progressive

Don’t know/don’t want to answer

5
23
2

23
8
1

8.1
37.1
3.2
37.1
12.9
1.6

Time since first MS 
symptoms

1-2 years
3-4 years
5+ years

Don’t know/don’t want to answer

1
3

57
1

1.6
4.8
91.1
1.6

Disability due to MS No
Yes

5
57

8.1
91.9

Ability to walk No 11 17.7

Yes 50 80.6

Don’t know/don’t want to answer 1 1.6

Relapse in past 12 months No relapses
1 relapse
2 relapses
3 relapses
6 relapses

Don’t know/don’t want to answer

16
18
10
3
1
14

25.8
29

16.1
4.8
1.6

22.5



184

4.1

VALUES AM
ONG M

ULTIPLE SCLEROSIS PATIENTS

Percentages for Value Profiles 
Table 3 shows the percentages of patient responses by value function profiles and outcomes. 
It appears that for all outcomes, with the exception of disability due to disease progression, 
20–30% of the patients indicated values that are reflected in a linear value function curve 
(Profile 1). Similarly, Profile 2 (high value being given to the lower levels of the outcome, with 
small decreases in value as the outcome worsens) is reflective of approximately 17–40% of the 
study population values for all outcomes. The unfavourable outcomes PML, liver failure and 
leukemia were most frequently represented by Profile 3. In this profile, there is a continual 
decrease in the value scores between levels 1, 2 and 3: ‘None will die’ to ‘15 in 1000’ dying to 
‘30 in 1000’ dying, but the values seem to plateau between ‘30 to 45 in 1000’ dying from an 
unfavourable outcome. Profile 4 was representative of the values of only a few patients, while 
values for disability due to disease progression were predominantly reflected in Profile 5 (the 
largest decrease in value is the midlevel of the outcomes with only incrementally lower values 
thereafter).There are notable differences in the type of profile reflecting the favourable and the 
unfavourable outcomes. Values for relapses and time to disease progression are more widely 
dispersed among Profiles 1–3, with no uniform set of values across the sample population. 
However, the reduction of disability due to disease progression, particularly moving from 
moderate disability to requiring walking aids (early cane/late cane), as represented by Profile 
5, appears to evoke a strong preference among the majority of patients. Profile 3 also appears 
to be very reflective of patients’ values for the unfavourable outcomes, with approximately 
40–60% of the patients indicating values that reflect this profile.

Table 3. Percentages of patients’ value function profiles

Number of 
Relapses

N=60
n           ( %)

Time to 
Disease 

Progression
N=61

n         ( %)

Disability due 
to Disease 

Progression
N=61

n          (%)

Liver Failure
N=60

n          ( %)

PML
N=61

n           ( %)

Leukemia
N=60

n           ( %)

Profile 1
(linear)

14         (23) 18         (30) 1            ( 2) 12          (20) 13          (21) 14          (23)

Profile 2
(concave) 

17         (28) 24          (39) 13          (21) 13          (22) 12          (20) 10          (17)

Profile 3
(convex)

21         (35) 15          (25) 1             ( 2) 26          (45) 35          (59) 35          (58)

Profile 4
(mixed)

2            ( 3) 4             ( 7) 5             ( 8) 4             ( 7) 0             ( 0) 1             ( 2)

Profile 5
(s-shaped)

6            (10) 0             ( 0) 41          (67) 5             ( 8)  0             ( 0) 0             ( 0)

Percentages are based on the non-missing N.
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Percentages of the Ranking of the Weights
Fifty-eight percent of patients sampled chose ‘disability due to disease progression’ as 
the outcome with the most preferred ‘swing’. This indicates that preventing progression 
disability was the most important concern among these patients and therefore the main 
outcome to be addressed by their MS treatment. The outcome with the second largest 
swing was ‘time to disease progression’ (37%). The ranking of the other outcomes becomes 
widely distributed thereafter, as seen in Table 4, but it appears the risk of liver failure, PML 
and leukemia had the highest frequencies as the fourth, fifth and sixth ranked outcomes, 
respectively. Patients were split between liver failure and PML when indicating their 
fourth most important outcome, in that 37% of the patients sampled indicated that liver 
failure was their fourth most important outcome, while 32% said that PML was their 
fourth most important outcome. For the fifth outcome, patients were again split between 
liver failure, PML and leukemia, while for the sixth outcome, leukemia had the highest 
frequency of responses at 42%. It appears that the favourable outcomes of reduction in 
disability due to disease progression and reduction in time to disease progression are 
the outcomes on which patients placed the greatest value. The unfavourable outcomes, 
liver failure, PML and leukemia, which are often drivers in regulatory decision making, 
were given lower weight.

Table 4. Percentages of patients’ weights ranking of the MS outcomes, N=62

Disability due 
to Disease 

Progression
n          (%)

Time to 
Disease 

progression
n             (%)

Number of 
Relapses

n             (%)
Liver Failure
n             (%)

PML
n             (%)

Leukemia
n            (%)

Ranked first 36           (58) 8             (13) 12           (19) 2             ( 3) 1             ( 2) 3            ( 5)

Ranked second 5             ( 8) 23           (37) 20           (32) 5             ( 8) 6             (10) 3            ( 5)

Ranked third 13            (21) 17           (27) 11           (18) 10           (16) 6             (10) 5            ( 8)

Ranked fourth 3              ( 5) 2             ( 3) 3              ( 5) 23           (37) 20           (32) 11          (18)

Ranked fifth 2              ( 3) 6             (10) 7             (11) 18           (29) 15           (24) 14          (23)

Ranked sixth 3              ( 5) 6             (10) 9             (15) 4              ( 7) 14           (23) 26          (42)

Logistic Regression Results for the Value Profiles
Table 5 presents the results of the logistic regression models for the treatment outcomes 
testing the likelihood of patients choosing values that match linear or non-linear value 
functions. Ability to walk (yes/no) was a statistically significant predictor for the values 
of liver failure and PML treatment outcomes. The odds ratio for both PML and liver 
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failure indicate that patients who could walk were four and five times, respectively, 
more likely to indicate non-linear values than patients who could not walk. Patients 
who could no longer walk were more likely to indicate no change in their values (Profile 
1) with each incremental increase in risk for liver failure and PML; however, patients 
who could still walk were more sensitive to the changes in the risk of these outcomes 
and indicated unequal decreases in their values depending on the perceived level of 
the risk (Profiles 2–5). Number of years since patients had MS symptoms appeared 
to be predictive of values for number of relapses [-.769; p=.069] and leukemia [-1.793; 
p=.063]; however, the differences approached but did not reach statistical significance. 
No differences were found for the outcomes time to disease progression and disability 
due to disease progression.

Table 5. Logistic regression for MS treatment outcomes

Treatment Outcome Predictor Variable B S.E. Wald Sig. Exp(B)

Number of relapses Years of MS symptoms -1.769 .973 3.302 .069 .171

Liver failure Ability to walk 1.609 .730 4.857 .028 5.000

PML Ability to walk 1.452 .718 4.084 .043 4.271

Leukemia Years of MS symptoms -1.792 .973 3.390 .066 .167

Patient Feedback
Of the 55 patients who reached the end of the questionnaire, 41 (75%) gave either positive 
comments, examples of which are ‘very straightforward and easy to complete’, ‘this 
was a very thorough survey…’, ‘this survey was very interesting’, ‘I thought this was a 
well put together survey’, or did not provide a comment. Only 14 (25%) gave negative 
responses when asked to provide comments on the study. Examples are ‘This was quite 
a demanding survey as fatigue is my most frustrating symptom’ and ‘difficult survey, 
[but] not sure how else you could have done it’. Indeed, the questionnaire captured data 
on disease characteristics and included several other study instruments (two MS PRO 
instruments, time trade-off and standard gamble) and therefore extended beyond only 
the preference elicitation questions. In total, 92 questions were asked; however, only 31 
were preference elicitation questions. 
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DISCUSSION

This is the first study to assess the feasibility of applying the MACBETH approach to the 
elicitation of preferences among a group of patients. The design of an easy-to-understand 
user interface able to capture qualitative preference data while being supported by the 
quantitative scoring algorithm of the MACBETH software brings a powerful decision 
tool within the reach of patients and caregivers (if care is a critical part of the illness 
or if patients cannot speak for themselves) whose values matters most when making 
treatment decisions but who have limited means of expressing those views in a clear, 
concise and consistent manner. The global research didactic for new drug evaluation is to 
collect efficacy and safety data from multi-centre clinical trials using a representative or 
near representative sample of patients. By including the MACBETH tool as part of their 
clinical study, pharmaceutical companies could show regulators not only efficacy and 
safety data but also the outcomes that matter most to patients and may drive (in addition 
to physician recommendations) treatment decisions. Given that patients enrolled in a 
clinical trial represent a unique subset of the patient population, it may also be necessary 
to collect data within a community setting, thereby gaining a truly representative view 
of patients’ preferences. 

What is the real utility to regulators, payers and pharmaceutical manufacturers of this 
type of data and tool? We believe that the utility lies in a greater understanding of the 
risk attitudes relative to the expected benefit among the targeted patient population, 
that is, who is willing to take the drug at what level of risk for what level of benefit. In 
several recent evaluations of the use of MCDA models for regulatory decision making, 
the value functions of the decision makers (e.g. the assessor) have been assumed to be 
linear (i.e. equal changes in value regardless of changes in the levels of the treatment 
outcomes) (21). However, this was not the case for the majority of patients in our study, 
in which non-linear profiles were more frequently chosen. If measured systematically, 
preference elicitation could show the outcomes or the levels of the outcomes for which 
there is a divergence in the values of the regulators and the patients. An assumption of 
linear value functions for patients and/or ignoring the impact of disease or individual 
characteristics on values may therefore obscure valuable information, resulting in a 
missed opportunity for improving the dialogue between regulators and patients. In our 
study, the relationship between linear and non-linear value functions, as predicted by 
ability to walk, is important for understanding patient treatment choice in MS as they 
may reflect patient sensitivity to increases in risk from MS medicines. The phenomenon 
of loss aversion, as proposed by Kahneman and Tversky, may be reflected in the preference 
choices we see here and the discrepancy between regulators and patients, as seen in the 
case of Tysabri. When required to make choices among risky prospects, individuals 
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evaluate outcomes relative to some reference point and will exhibit risk-seeking or risk-
averse behaviour to minimize their losses (59). Ability to walk may be one reference 
point from which MS patients determine their risk attitudes. For those who can still 
walk, the prospect of the loss of this ability looms larger than for those who have already 
experienced a reduction in mobility, and they may therefore be more sensitive to any risk 
associated with treatment. 

There is also important information to be gleaned regarding patient risk attitudes from 
both the linear and non-linear value profiles. Among the favourable outcomes, patients’ 
values are reflected somewhat evenly across several profiles for the outcome ‘number of 
relapses’; however, for the outcomes ‘time to disease progression’ and ‘disability due to 
disease progression’, Profile 2 and Profile 5, respectively, appear to represent the values 
of a large number of patients. In Profile 2, the value of the difference between 8 years 
and 6 years is smaller than the value of the difference between 6 years and 4 years or 
4 years and 2 years (always a 2-year difference). The situation is similar for disability 
due to disease progression; the value of the difference for preventing disability due to 
disease progression in the early stages (preventing a change from no disability to mild 
disability) is smaller than the value of the difference given to the mid stages of disability 
(moderate disability, early cane, late cane, bilateral support, wheelchair and bedridden). 
This profile also reflects that in the latter stage of the disease, the value of the difference 
in preventing a change from wheelchair to being bedridden is smaller than that found 
in the mid stages of MS disease progression. 

For the unfavourable outcomes, the value function profile of the majority of the patients 
is reflected in Profile 3, which shows a surprising plateau of value with an increasing 
number of people dying due to an unfavourable outcome. An in-depth discussion of 
the psychology of such a choice pattern is beyond the scope of this study, but we point 
the readers to work conducted by Paul Slovic and others that supports a paradoxical 
diminution of value for increasing loss of life—a phenomenon called ‘number numbness’ 
or the inability to scale up outcomes that affect the lives of great numbers of people (60, 
61). Further work on the relevance of number numbness regarding risks for medicinal 
treatments among patients is needed. If found to occur generally, this may increase our 
understanding of the seemingly disparate values between regulators and patients with 
regard to the risks associated with medicines.

How could patient preferences elicited by our methodology or similar methodologies be 
incorporated into drug development and regulatory or reimbursement decisions? In a 
recent article, senior members of the European regulatory network stated that ‘Patients 
enrolled in regulatory drug trials […] would probably be willing to share their health values 
and preferences by way of questionnaire or structured interview, at limited additional cost to 
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sponsors. These findings should be published, like any other trial results, and explicitly used 
to anchor regulatory or reimbursement decisions around average patients’ preferences(62). 
The results from our proof of concept study show that the collection of such data is feasible 
and can be easily included within the data collection of a clinical trial, as is currently 
done for collecting patient reported outcomes (PRO) data. The collection of PRO is now 
a standard within clinical trials, and where validated disease-specific instruments do 
not exist, pharmaceutical companies often invest in the design and validation of such 
an instrument. However, an important criticism of such instruments, for both the non-
disease-specific and disease-specific instruments, is that in some cases the scope may 
be too narrow and the responses do not readily lend themselves to transparent decision 
making either during development or during the regulatory review (63, 64). Future 
development of patient-centric instruments may benefit from adding an approach such 
as MACBETH to capture preferences in a manner that may aid regulatory and industry 
decision makers in using structured decision-modelling techniques.

There were several limitations to this study, most notably the limited representativeness of 
the study sample. While potentially interesting, the small sample size and the imbalance 
in the number of patients reporting their ability to walk (18% vs. 82%) limits the reliability 
of the finding that ability to walk predicts values. The authors hasten to point out that 
this is a non-confirmatory study and that further exploration of the hypothesis that 
disease severity may determine value profiles for MS risks, perhaps by using precise 
measurements of MS disability such as the Expanded Disability Status Scale (EDSS) 
score rather than a binary variable (able to walk yes/no), is required to further our 
understanding of the relationship between disease characteristics and loss aversion within 
the MS patient population. In addition, due to the primary aim of testing the feasibility 
of using such a preference questionnaire supported by the MACBETH software, the six 
outcomes were chosen using information gathered from previous research (53). Future 
studies should consider identifying treatment outcomes with input from patient focus 
group(s) where their views of the most important treatment outcomes are first solicited 
and then built into the study design. 

CONCLUSIONS

Our research of the available tools for aiding patient choice revealed no decision support 
tool integrating decision-theoretic principles using an easy-to-understand, non-numerical 
questionnaire and that is able to transform these qualitative responses into quantitative 
scores. By tailoring the non-numerical preference elicitation questions available in 
MACBETH to specific outcomes for MS treatments, we were able to elicit consistent 
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judgments for several outcomes. In (62), the authors, including senior staff at European 
regulatory agencies, clearly state that regulatory decisions cannot continue to be made 
in the absence of patient input. Indeed, patients are demanding that their values be 
included at the regulatory level. Regulators say they are open to a move away from the 
current implicit inclusion of values to an explicit, patient-centric decision process (65), 
and we show here that the MACBETH approach can help both groups achieve that goal. 
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APPENDIX

Let:

•	 Ck, k = 0, …, 6, be the seven MACBETH categories of difference in attractiveness: 
‘null’ (C0), ‘very weak’ (C1), ‘weak’ (C2), ‘moderate’ (C3), ‘strong’ (C4),‘very strong’ (C5) 
and ‘extreme’ (C6);

•	 X be a finite set of n > 2 stimuli – i.e. in the MS study, the levels of an outcome or the 
swings between the least and the most preferred levels of each outcome;

•	 x+ and x- be two stimuli of X such that x+ is indifferent or strictly preferred to any other 
stimuli X and any other stimuli of X is indifferent or strictly preferred to x-;

•	 x and y be two stimuli of X such that x is indifferent or strictly preferred to y;

•	 (x, y)ÎCk (k = 0, …, 6) be a MACBETH judgment of the difference in attractiveness 
between x and y expressed by the single category Ck;

•	 (x, y)ÎCi U … U Cs (i, s = 1, …,6 with i < s) be a MACBETH judgment of the difference 
in attractiveness between x and y expressed by a subset of categories from Ci to Cs (in 
cases of judgmental hesitation or disagreement).

For a given matrix of MACBETH judgments, a ‘basic MACBETH scale’ is obtained by 
solving the following linear program LP-MACBETH (41, 66), where v(x) is the score 
assigned to stimulus x of X :

Min v(x+) – v(x-)

subject to:

1. v(x-) = 0

2. “ (x, y) Î C0: v(x) – v(y) = 0 

3. “ (x, y) Î Ci U … U Cs with i, s Î {1, 2, 3, 4, 5, 6}and i £ s: v(x) – v(y) ³ i 

4. “ (x, y) Î Ci U … U Cs and “ (w, z) Î Ci’ U … U Cs’

 with i, s, i’, s’ Î {1, 2, 3, 4, 5, 6}, i £ s , i’ £ s’ and i > s’:

 v(x) – v(y) ≥ v(w) – v(z) + i – s’.

Constraints (3) and (4) are ‘conditions of order preservation’ (COP); when LP-MACBETH 
is unfeasible, there is no scoring scale respecting all the COP simultaneously, and the 
set of judgments is said to be inconsistent. On the other hand, when there are multiple 
optimal solutions, the unicity of the basic MACBETH scale is guaranteed by running 
several complementary technical programs (67). In practice, each time a judgment is 
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elicited, the consistency of all the judgments thereto made by the respondent should be 
checked, and when an inconsistency arises, some judgment(s) should be revised (see (28) 
{Bana e Costa, 2012 #138}for details). The M-MACBETH software offers suggestions of 
changes to achieve consistency (see www.m-macbeth.com).

Note that the generic LP-MACBETH formulation allows for the expression of preference 
judgments involving two or more consecutive categories (e.g. ‘moderate to very strong’). 
This is particularly useful in group elicitation processes (see applications in decision 
conferencing contexts in (41), although this was not case in our study given that patients 
expressed their preferences individually. 
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ABSTRACT

Background: Despite the interest in the use of preference elicitation methods in healthcare, 
no single method has emerged that adheres to the key principles of measuring utility while 
remaining accessible to all stakeholders. The Measuring Attractiveness by a Categorical 
Based Evaluation Technique (MACBETH) is a multi-criteria analysis method that 
addresses this gap. Methods: MACBETH was used to elicit value judgments for multiple 
sclerosis (MS) treatment outcomes from a sample of MS patients and regulators in six EU 
medical agencies. Value judgments for three favourable effects and three unfavourable 
effects were used to create treatment decision models using data from the pivotal trials 
PRISMS4, EVIDENCE, and AFFIRM. Results: Decision models comparing Rebif® 44 mg 
to Rebif® 22 mg, Avonex® 30 mg and a placebo indicated that patients would chose Rebif® 
44 mg over other treatments. A model comparing Tysabri, Rebif® 44 mg and a placebo, with 
no risk of progressive multifocal leukoencephalopathy (PML), showed 100% of patients 
choosing Tysabri versus Rebif® 44 mg or the placebo. However, when the risk for PML was 
added, only 80% of patients chose Tysabri, while 20% chose Rebif® 44 mg. A comparison of 
decision models between regulators and patients showed a similar treatment choice if no 
risk data are included; however, when safety risks are added, regulators were more likely 
than patients to switch to the treatment with a lower risk. Conclusions: The MACBETH 
approach can be easily used to capture the values of patients and regulators and to 
distinguish the point at which increased levels of risk may separate patients’ values from 
those of regulators or other stakeholders. 
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INTRODUCTION

Despite the increased interest in recent years in measuring patient preferences as an 
input in healthcare decisions, this area of health research is not new. The work by von 
Neumann and Morgenstern showed that mathematical models could be used to represent 
personal values and risk attitudes affecting individual choice (1). Subsequent research 
by Pauker and others demonstrated that it was feasible to use decision analysis to better 
understand treatment choices complicated by multiple uncertainties and personal values 
(2-4). Informatics tools and decision aids, such as those pioneered by the Stanford Centre 
for the Study of Patient Preferences, have done much to respond to the challenges of 
collecting patient preferences in clinical decision making (5, 6). However, while the use of 
decision aids to elicit patient preferences is now a well-established method of supporting 
the decision-making process within the clinical setting, there has been little use of decision 
theory in regulatory decision making (7).

The European Medicines Agency (EMA) is the regulatory body in Europe that provides 
opinions on the benefit–risk balance of medicinal products. Patient involvement in 
the EU regulatory network is currently managed via the inclusion of patient advocates 
(not always patients) on several decision-making committees. Patient advocates can 
provide input on their experience with the disease and assist in the communication of 
the decisions of the committees, but they do not as yet have an active role in decision 
making in relation to new drugs (8). Whether and how further integration of the patient 
voice can be realized in the current regulatory system is still under discussion, and 
several projects, within the EMA and other regulatory institutions, have been launched 
in order to explore this issue (9). 

Consistent with this line of research, the EMA supported a pilot study to explore 
the methodological aspects and the feasibility of applying a multi-criteria approach 
(MCA), the Measuring Attractiveness by a Categorical Based Evaluation Technique 
(MACBETH), to preference elicitation among a sample of multiple sclerosis (MS) 
patients (10). MACBETH follows multi-attribute value theory (MAVT), which is an 
extension of the expected utility theory advocated by von Neumann and Morgenstern 
and Savage (1, 11, 12). The construction of value functions and the weighting of 
treatment outcomes in the MACBETH approach use qualitative pair-wise comparisons 
of levels within each outcome and across outcomes, respectively. Among the many 
outcomes of MS treatments, consider the ‘number of relapses in the next five years’, 
ranging from 0 (no relapse) to a plausible maximum of 4 relapses (as in Table 1). All 
other outcomes being equal, a patient or regulator will always prefer to experience 
the minimum relapses possible; however, the order of preference may not always be 
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evident. Therefore, in order to assess ordinal preference information between two 
different levels, patients can be asked which level is preferred. Subsequently, cardinal 
preference information can be elicited to build a measurable value function by asking 
patients about differences in attractiveness (value) between levels (13, 14). For example, 
to appraise whether the value function for the number of relapses is linear, one can 
ask the patient if a given decrease in the number of relapses is valued equally or not 
within the 0–4 range (e.g. is the decrease of 1 relapse between 3 and 2 as attractive as the 
decrease of 1 relapse between 2 and 1 or between 1 and 0?). To assume linearity seems 
controversial as ‘there is no inherent reason for the values of the levels to be evenly 
spaced’ (15, p.131); however, many health studies implicitly assume linear preferences 
in every outcome (16-21).

A review of the available methods for preference elicitation showed that the 
MACBETH approach meets what the authors believe are several key criteria for 
a patient preference elicitation method: 1) it adheres to the principles of expected 
utility, which postulates that ‘decision making should be a process involving the 
evaluation of possible outcomes with alternative courses of action and the assessment 
of their likelihood ’ [http://www.econ2.jhu.edu/people/karni/chapter.pdf], that is, 
that the concept of risk is built into the elicitation method; 2) it uses a pair-wise 
comparison questioning procedure for all treatment outcomes and 3) that the method 
is easy to follow but nonetheless requires self-ref lection of what is of value to the 
person responding. Other tools provide similar capabilities, but the advantage of 
MACBETH is the use of non-numerical responses for all the value judgments, again 
limiting the cognitive burden on the respondents. 

The preliminary results of the above-mentioned pilot study showed that values for 
treatment outcomes could be appropriately captured across a diverse group of patients 
using the MACBETH approach. Patients could easily access the online questionnaire via 
their home computer, and the pair-wise questioning procedure used by MACBETH was 
easy to understand. The study results also provided an analysis of the value functions 
and the weights obtained using MACBETH and put forward an hypothesis that a 
patient’s current level of disease severity may be predictive of value judgments of safety 
risks associated with MS treatments (10). The collection of value judgements among 
patients in the pilot study led naturally to an exploration of whether the MACBETH 
approach can be used to highlight the differences in value judgement between patients 
and regulators. 

The current study is a follow-up to previous research and is designed as a proof of 
concept for using the MACBETH approach for the elicitation of value judgements. 
A group of European regulators with expertise in the diseases of the central nervous 
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system (CNS) together with a sample population of MS patients formed the study 
population in order to achieve the following aims: to apply the value judgments to 
decision models for several MS treatments; to determine if the resulting decisions are 
consistent with what is seemingly logical for several MS treatments (i.e. do treatments 
with similar efficacy and safety profiles obtain similar decision scores and do treatments 
that are dissimilar in either efficacy or safety profiles obtain dissimilar decision scores?) 
and to determine if the decisions of the regulators are different from those of the 
patients in this study population.

METHODS

Study Design
The study was designed as a non-interventional, web-based questionnaire about the 
values and preferences for treatment outcomes among European regulators and patients 
diagnosed with MS. Three favourable and three unfavourable outcomes (Table 2) and 
the levels within these outcomes were selected for inclusion in the study. The favourable 
outcomes reflect the efficacy that may be achieved when taking MS treatments: reduction 
in number of relapses in five years; increase in the time to disease progression and 
reduction in disability due to disease progression. The Patient Determined Disease Steps 
was used to propose the levels for disease progression and allows for the translation 
of what patients perceive regarding their level of MS disability and the reporting 
of Expanded Disability Status Scale (EDSS) scores within a clinical trial (22). The 
unfavourable outcomes selected are safety outcomes that have been associated with 
taking MS treatments: increase in the risk of progressive multifocal leukoencephalopathy 
(PML, observed during treatment with natalizumab); increase in the risk of liver 
failure (observed during treatment with interferon beta) and increase in the risk for 
leukemia (observed during treatment with mitoxantrone). The choice of outcomes and 
the corresponding levels was based on a review of outcomes used in other preference 
elicitation methods in MS, regulatory guidelines for the clinical assessment of MS 
treatments and consultation with medical experts. Value functions and weights for 
varying levels of treatment outcomes were collected via a data collection user interface 
designed to interact with the MACBETH software. All respondents (regulators and 
patients) who agreed to participate in the study were provided a link to the study website 
and guidance on how to complete the questionnaire. 

An example of the questions posed to study respondents is as follows: ‘What is the 
difference in attractiveness in having no relapses in the next 5 years compared to 1 relapse 
in the next 5 years?’ followed by ‘What is the difference in attractiveness in having 1 relapse 
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in the next 5 years compared to 2 relapses in the next 5 years?’ The respondents had to 
choose one of the following seven qualitative responses: ‘indifference, extreme, very strong, 
strong, moderate, weak or very weak’. The questions continued until the values for all 
the adjacent levels within each of the outcomes had been assessed. Prior to launching 
the study website, the study protocol was reviewed by the research ethics board at the 
London School of Economics and Political Science (LSE) and tested for clarity and ease 
of use among 30 students at the LSE Behavioural Research Lab.

Patient Recruitment
The UK Multiple Sclerosis Society collaborated with the study investigators and agreed to 
contact their member network by email to announce the study and request participation. 
The UK MS Society retained all names and contact details of participating members, and 
all data collected were anonymized. Patients were sent an email with a website link along 
with a username and password to allow access to the study site. Once on the site, they 
were given a description of the study objectives, asked to respond to several eligibility 
questions (>18 years of age, diagnosed with MS) and if eligible to participate and shown 
an informed consent screen requesting consent to use the data for research purposes. 
The questionnaire was available on the study website for a total of six weeks; however, 
patients were asked to complete the questionnaire within two weeks. After the two-week 
period, patients who had logged into the site and indicated that they were willing to 
participate but had not completed the questionnaire received a reminder email from 
the UK MS Society requesting them to continue with the study or indicate that they no 
longer wished to do so.

Assessor Recruitment
Members of the Committee for Medicinal Products for Human Use (CHMP), which has a 
presence in five countries, were provided the objectives of the study and were solicited to 
assist in identifying regulators within their National Competent Authorities (NCAs) with 
expert knowledge of the CNS. They were also asked to indicate whether the regulator had 
primarily clinical, safety or non-clinical expertise. Regulators were then invited by email 
to participate in the study and were given the study url and instructions for accessing the 
study questionnaire. Participation was voluntary, and as with the patients, they elected 
to participate or opted out of the study.
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Decision Model Building
The building of a MACBETH decision model requires several steps, each of which is 
shown in Table 1 below.

Table 1. Building a MACBETH decision model 

Step 1. Definition of the alternatives - identify the treatments that are to be compared with each other.

Step 2. Selection and definition of effect criteria - identify the treatment outcomes or other key effects 
relevant to the decision.

Step 3. Assessment of scores for each alternative in terms of each effect - collect the value judgements 
from participants for each criteria and evaluate how well the alternatives performed.

Step 4. Collection of the inter-criteria trade-off information: collecting the weights for participants for 
each criterion.

Step 5. Multi-criteria aggregation model - calculate total score for each alternative by multiplying the 
value score by the effect weight and sum across criteria.

Step 6. Evaluate the alternatives - determine what treatment has the highest total score.

The steps follow the classical multi-criteria decision approach of deconstructing the 
decision problem; identifying the key elements that are important to the decision—
including the values and weights of the relevant decision makers—and aggregating and 
evaluating the data to decide the best treatment. 

As indicated in Step 1 of building the decision model, the data for several pivotal trials for 
MS treatments were identified. These treatments were chosen in line with the main aim of 
the study, that is, to compare alternative treatments for MS. The PRISMS4, EVIDENCE and 
AFFIRM clinical trials present data for three treatments that are integral to the standard of 
care for MS patients in that they have several similar and some dissimilar effect criteria. In 
Model 1, the PRISMS4 study for interferon beta 1a provides the data for a decision model 
comparing Rebif® 22 mg, Rebif® 44 mg and a placebo (23). In Model 2, decision models for 
Rebif® 44 mg, Avonex® 30 mg and the placebo were evaluated (24). In Model 3, the decision 
models for Rebif® 44 mg, Tysabri® IV 300 mg and the placebo, without the inclusion of data 
for the risk of developing PML (25), and finally Model 4 repeated Model 3 but with the 
addition of data for PML risk (26). The placebo data were taken from the PRISMS4 trial 
and were kept constant for all decision models, as the other trials did not include a placebo 
arm in their study designs. For several of the decision models, data for the risk of death 
due to liver failure and leukemia were kept at zero, despite being considered important 
unfavourable effects, as little information could be found on the risk of dying from these 
adverse events. In Model 5, the risk of liver failure was modulated to evaluate the impact 
of increasing risk for both the regulators’ and patients’ decision models.
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Table 2. List of multiple sclerosis treatment outcomes and levels

MS Treatment Outcomes Levels

Number of relapses during next five years No relapse

1 relapse

2 relapses

3 relapses

4 relapses

Time (from today) until your disease worsens 8 years

6 years

4 years

2 years

Disability due to disease progression No disability

Mild disability

Moderate disability

Early cane – can walk up to 25 feet without cane

Late cane – cannot walk up to 25 feet without cane

Bilateral support

Wheelchair/Scooter
Bedridden

Chance of dying from liver failure within 10 years None would die

15 patients out of 1000

30 patients out of 1000

45 patients out of 1000

Chance of dying or severe disability from PML 
within 10 years

None would die

15 patients out of 1000

30 patients out of 1000

45 patients out of 1000

Chance of dying from leukemia within 10 years None would die

15 patients out of 1000

30 patients out of 1000

45 patients out of 1000

MS = Multiple sclerosis; PML = Progressive multifocal leukoencephalopathy 

RESULTS

Twenty regulators from the UK, German, French, Austrian, Dutch and Spanish NCAs 
were invited to participate in the study. Fifteen regulators (75%) completed the preference 
elicitation questionnaire. The group was equally divided by gender; 7 (46%) were 
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experts in neurology/or psychiatry and 12 (80%) had more than five years of regulatory 
experience. Sixty-two MS patients enrolled in the study, 56 (90%) of whom completed 
the questionnaire. The patient population was predominantly female (76%), with 95% 
having more than 12 years of education. The disease history of the patient population 
revealed a wide distribution of disease subtypes, with the highest subtypes being relapsing 
remitting (37%) and secondary progressive (37%). Ninety-one percent of the patients had 
lived with MS symptoms for more than five years, and almost all the patients had some 
disability due to MS (92%) (10).

Value Functions
Figure 1 shows all the value function curves that were obtained from the sample of 
MS patients for each treatment outcome. Each curve is indicative of a different set of 
values or risk attitude regarding the outcome. Figure 2 shows the same data as above 
for the regulators. For both patients and regulators, there is a similar distribution of the 
types of value function shapes for the favourable treatment outcomes but less so for the 
unfavourable treatment outcomes. For the unfavourable outcomes, both patients and 

Figure 1. Value function profiles of MS patients by treatment outcome

Number of relapses Time to disease progression Disability due to disease progression

Number of deaths due to liver 
failure

Number of deaths or severe disability due 
to PML

Number of deaths due to leukemia
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regulators predominantly gave preferences that resulted in a concave value function, 
meaning that there is some level of risk that they are willing to accept as long as the adverse 
effects are low in number; however, their risk aversion increases along with the risk for 
the adverse effects. This result is much more pronounced for the regulators, indicating 
their low tolerance for increases in the unfavourable outcomes.

The following tables show the results of the patient decision models created using data 
from the PRISIM4, EVIDENCE and AFFIRM trials by following Step 5 and Step 6 
for building a decision model. The treatment with the highest average total score is 
indicative of the treatment choice for that model. In all models, the placebo has the 
lowest score.

Model 1

Table 3 shows the data extracted from the PRISMS4 clinical trial and used to construct 
the decision model for Rebif® 22 mg, Rebif® 44 mg and the placebo. In this model, the 
average total score (73.74), obtained from applying the patients’ value judgments, was 

Figure 2. Value function profiles of regulators by treatment outcome

Number of relapses Time to disease Progression Disability due to disease progression

Number of deaths due to liver 
failure

Number of deaths or severe disability due 
to PML

Number of deaths due to leukemia
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highest for Rebif® 44 mg. All patients (100%) had a higher score for Rebif® 44 mg, which 
is indicative that, given this set of alternatives, Rebif® 44 mg would be their treatment 
of choice.

Table 3. Patients’ model 1: Rebif® 22 mg- Rebif® 44 mg –Placebo

MS Outcomes REBIF®22mg REBIF®44mg PLACEBO

Annualizedrelapse rate 0.8 0.72 1.02

Time to disease progression (years) 3 3.5 2

Diseaseprogression Moderate Moderate Early Cane

Risk ofdying from liver failure 0 0 0

Risk of severedisability or dying from PML 0 0 0

Risk of dyingfrom leukemia 0 0 0

AvgTotal Score 71.37 73.74 62.79

Model 2
In Table 4, the decision choice for Rebif® 44 mg, Avonex® 30 mg and the placebo was 
evaluated. The average total score was highest for Rebif ® 44 mg across all patients, 
indicating that all patients would choose this drug; however, the scores for Avonex are 
very similar, an indication that both drugs are similarly valued. 

Table 4. Patients’ model 2: Rebif® 44 mg – Avonex® - Placebo

MS Outcomes REBIF®44mg AVONEX® PLACEBO

Annualizedrelapse rate 0.54 0.64 1.02

Time to disease progression (years) 3.5 3.5 2

Diseaseprogression Early Cane Early Cane Early Cane

Risk ofdying from liver failure 0 0 0

Risk of severedisability or dying from PML 0 0 0

Risk of dyingfrom leukemia 0 0 0

AvgTotal Score 70.94 70.35 62.79

Model 3
The data for Rebif® 44 mg and Tysabri® IV 300 mg, extracted from the AFFIRM clinical 
trial, and for the placebo, extracted from the PRISMS4 trial, were included in a model, 
and the patients’ value judgments were used to evaluate these treatments. Given the 
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Table 5. Patients’ model 3: Rebif® 44 mg –Tysabri®- Placebo

MS Outcomes REBIF®44mg TYSABRI® PLACEBO

Annualizedrelapse rate 0.72 0.23 1.02

Time to disease progression (years) 3.5 3.5 2

Diseaseprogression Early Cane Early Cane Early Cane

Risk ofdying from liver failure 0 0 0

Risk of severedisability or dying from PML 0 0 0

Risk of dyingfrom leukemia 0 0 0

AvgTotal Score 69.89 72.74 62.79

Table 6. Patients’ model 4: Rebif® 44 mg –Tysabri®- Placebo

MS Outcomes REBIF®44mg TYSABRI® PLACEBO

Annualizedrelapse rate 0.72 0.23 1.02

Time to disease progression (years) 3.5 3.5 2

Diseaseprogression Early Cane Early Cane Early Cane

Risk ofdying from liver failure 0 0 0

Risk of severedisability or dying from PML 0 2.1 0

Risk of dyingfrom leukemia 0 0 0

AvgTotal Score 69.89 72.13 62.79

superiority of Tysabri® in the reduction of the number of relapses, with no unfavourable 
effects included for Tysabri®, this treatment had the highest average score, and the data 
indicates that all patients would chose Tysabri® over the other treatments in the model 
(Table 5). 

Model 4
As shown in Table 6, when data for a fatal or serious debilitating disease, PML, is added 
to Model 3, the average total score for Tysabri® is now lower and the number of patients 
who would now chose this drug is reduced from 100% to 80%. The remaining 20% would 
instead choose Rebif® 44 mg (Fig. 3).
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Figure 3. Percentage of patients preferring Tysabri® to Rebif® 44 mg

Comparison of Regulator and Patient Decision Models
Figure 4 shows the results of Model 5, a comparative modelling of regulators’ and patients’ 
decision models. As with previous models, the data observed in the PRISMS4 clinical 
trial were inserted in the model. For both groups, when no risk for liver failure, PML or 
leukemia is added to the model, the treatment of choice for both regulators and patients 
(as previously mentioned) is Rebif® 44 mg over Rebif® 22 mg and the placebo. When we 
increase the probability of liver failure for Rebif® 44 mg from zero to 10 cases per 1000, 
73% of regulators would now choose Rebif® 22 mg over Rebif® 44 mg and the placebo, 
while only 45% of patients would make a similar choice. In an attempt to test the impact 
of smaller increments of risk for liver failure, 2.1 liver failure cases per 1000 were add to 
the model, resulting in no regulators switching from Rebif® 44 mg and only 9% of patients 
switching to Rebif® 22 mg.

The comparison between the decision models for regulators and patients was also applied 
to Rebif® 44 mg, Tysabri® and the placebo. From Figure 5 below, it can be seen that as 
previously shown in Model 3, all patients would choose Tysabri® if there is no risk of PML; 
the same is true for the regulators. However, when 2.1 per 1000 cases for PML is added 
to the model, 20% of regulators, like patients, would switch to Rebif® 44 mg. When the 
risk for PML is increased to 3 per 1000 cases, 21% of patients would now choose Rebif® 

44 mg, while 27% of regulators would choose Rebif® 44 mg. A further increase of PML 
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Figure 5. Comparison of regulators’ and patients’ treatment choice – Tysabri/Rebif

Figure 4. Comparison of regulators’ and patients’ treatment choice - Rebif
*Data source is PRISMS4 plus hypothetical probability of liver failure
**Probability of liver failure only added to the Rebif 44 mg
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risk to 5 per 1000 cases shows 23% of patients now choosing Rebif® 44 mg over Tysabri®, 
with no further change among the regulators. 

DISCUSSION

The results of this study provide evidence that the MACBETH approach can be used 
effectively to capture the value judgments of regulators and patients and to compare 
treatment decision models obtained from both groups. It should be noted that the 
‘decisions’ reported in this study are only for the purpose of demonstrating the use of 
the preferences elicited by MACBTEH for application to treatment decisions and for 
achieving the study objectives. All the resulting models for patients and regulators indicate 
that ‘decisions’ made using this approach are consistent with current knowledge, that is, 
Rebif® 44 mg would be chosen over Rebif® 22 mg and over a placebo. Rebif® 44 mg would 
also be chosen over Avonex, but the average total scores are very similar, indicating a 
negligible difference of value between the two treatments, a result that is supported by 
the similarity of both treatments in their efficacy and safety profiles. The decision model 
for Rebif® 44 mg, Tysabri® and the placebo showed that all patients would chose Tysabri 
if there is no risk associated with the medicine, but when the risk for PML is added, only 
80% would still make that choice. The other 20% would instead choose Rebif®44 mg. 

Results from the comparative modelling of the judgments bring new knowledge to the 
research surrounding the dissimilarities between regulators’ values and those of patients. 
There have been several instances where regulators have shown themselves to be more 
risk-averse than patients, resulting in patient groups mobilizing to press for decisions 
reflecting their views (27, 28). These instances have occurred mainly due to the lack of 
transparency in the regulatory decision-making process and the absence of concrete 
data of the point at which a given benefit–risk ratio causes the regulators to diverge from 
patients. The EMA Benefit-Risk Methodology project was created in response to criticism 
of the existing process, and the project has resulted in several recommendations, including 
the use of a qualitative MCA tool, the Effects Table, which supports the transparency 
of their deliberations and decisions (29). The use of an MCA tool such as MACBETH 
could be the next step to full transparency by supporting the daily work of regulators, 
not only through the identification of the key decision criteria on which they base their 
decisions, as is now done with the Effects Table, but would also allow them to insert and 
evaluate their value judgments alongside those of a representative sample of patients. The 
advance in regulatory decision making would be as a result of regulators knowing what 
proportion of patients sampled in a given clinical trial would make a ‘decision’ for one 
treatment over another treatment and what effect criteria drive this ‘decision’. 
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The clinical trial setting is of course where the authors believe there could be adequate time and 
resources to deploy such a method and gain greater insight regarding patient values. However, 
MACBETH could also be used to assist a patient in treatment decisions in consultation with 
his/her physician (the questionnaire could take up to 30–35 minutes depending on the number 
of treatment outcomes included in the model) and the data collected in the clinic or online. 
The method could also be used to collect public (non-patient) preferences for health outcomes 
or resource allocation for informing health technology decisions.

There are several limitations to highlight, namely the sample size of the patient and regulator 
groups and the fact that the study was conducted in only one disease area. Additional studies 
could be conducted among a larger patient population covering other disease areas in order 
to support the extrapolation of the findings to other patients and to fully assess the value that 
this methodology can bring to the decision process. The number of regulators could also 
be increased by expanding the number of countries and by extending the study duration to 
accommodate the already heavy workload of staff within the NCAs. However, despite best 
efforts, the number of regulators may not increase dramatically as the NCAs have a limited 
number of regulators with medical expertise in the various therapeutic areas. Therefore, 
there will always be difficulties including a large number of regulators for a given disease 
area. The regulators in the current study are, for the countries that participated, the key 
people for assessing clinical dossiers for neurological products in Europe. Consequently, 
while not large in number, their views on the value of MS treatment outcomes determine 
the approval or non-approval of MS treatments. 

The study results provide answers to several research questions but also generate many 
others. Future research in this area could include an exploration of the difference in the 
total score, and ultimately the decision, when preferences are elicited individually, as was 
done in this study, or via a group process. Also of interest would be an exploration of the 
risk perception between the regulators and patients. As seen in Figure 3, the addition of a 
small risk for PML (2.1 cases/1000) to the Tysabri–Rebif model resulted in a large switch 
in the decision model (20% for both patients and regulators) compared to the addition 
of the same number of cases for liver failure (2.1 cases/1000) in the Rebif–Rebif model, 
resulting in no regulators switching to Rebif® 22 mg versus only 9% of patients switching. 
In the only study conducted within the EU drug regulatory environment, Beyer and 
others have shown that regulators are not veridical in their view on medication risks 
but instead perceive risks via a prism of risk type, years of regulatory experience and 
gender(30, 31). Further work on sub-groups of side effects that may generate more or less 
benign reactions from both regulators and patients appears warranted.
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CONCLUSIONS

In a recent article, the authors reported on a systematic review of preference elicitation 
methods in the healthcare environment and concluded that ‘No method exists that has a 
low cognitive burden and strong methodological underpinnings and that can, at the same 
time, deliver enough and adequate information to support [regulatory] decision [making]’ 
(7). We submit that the MACBETH approach is indeed an appropriate method and is 
readily available for such an application. 
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ANNEX 4_VALUE STUDY QUESTIONNAIRE

DISCLAIMER

Please note: The information included in this communication is part of a research exercise 
related to patient preferences and is within the context of the collaboration between 
the European Medicines Agency (EMA) and the University Medical Center Groningen 
(UMCG). Under the legally binding terms of the Memorandum of Understanding between 
EMA and UMCG, and the signed confidentiality agreements, any information or results 
related to this exercise will be treated as confidential. As this is a research endeavor no 
advice is provided or intended regarding decisions for your treatment. This site is only 
to collect data on your values for possible treatment outcomes. If you have any questions 
regarding your treatment choices you should discuss this with your own neurologist and 
rely on their advice.

INTRODUCTION

The study is divided into several sections with each section collecting data on different 
aspects of your experience with Multiple Sclerosis. Please answer as accurately as you 
can. There is no right or wrong answer. This web site has been designed to be started at 
the beginning and worked through page by page to the end. You will be able to change 
your answers by going back to a previous question. You may also use the PAUSE button 
if you wish to continue at another time, or use the QUIT button if you do not wish to 
continue with the study. If you require any assistance please click the link for HELP where 
a contact telephone number and email address will be provided.
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ELIGIBILITY

Thank you for your interest in participating in this survey. The aim of the survey is to 
collect information on your experience with multiple sclerosis, your preferences for 
possible treatment outcomes and health states. Before you can begin you will need to 
answer a few questions to determine your eligibility to participate in the survey.

Which of the statements below best describes you?

 � I have been diagnosed with multiple sclerosis

 � A friend or family member has been diagnosed with MS

 � I am a carer for a patient diagnosed with multiple sclerosis

 � I am interested in learning about multiple sclerosis

 � I am a healthcare professional

 � I am a medical assessor for pharmaceutical products

What is the year of your birth?

_____________

Carer questions

Are you currently caring for a patient with MS?

 � Yes

 � No

Do you have your patient’s consent to participate in this study?

 � Yes

 � No

Go to disease history

Go to disqualify statement

Go to follow-up carer questions

Go to disqualify statement

Go to MACBETH Judgments, 
Demographics, Finish

Go to MACBETH Judgements, 
Demographics, Finish

Go to disqualify statement if age 
less than 18

Go to ‘Thank you. You qualify to 
participate in the study. Please 

proceed to the next section’, if age 
is greater than 18.

If No, go to disqualify statement

If No, go to disqualify statement
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INFORMED CONSENT 

Description: You are invited to participate in this research study on patient preferences for 
treatment outcomes because you indicated to the UK Multiple Sclerosis Society that you 
wish to participate. From the information collected and studied in this project we hope 
to learn more about the value patients place on various possible outcomes from multiple 
sclerosis treatments. With your permission, we would like to collect health information 
about you, including information about your experience with multiple sclerosis, your 
preference for various levels of treatment outcomes, trade-offs you are willing to make 
between favorable treatment outcomes and unfavorable treatment outcomes and your 
concerns about health risks. This study does not involve any treatment; just the collection 
and study of medical information.

Risks and Benefits: There are no anticipated risks associated with this study. You will 
not receive any direct benefit from participation. We cannot and do not guarantee or 
promise that you will receive any benefits from this study.

Time Involvement: It may take 45 minutes or more to go through the site and you may 
prefer to do this in one sitting or several.

Payments: You will not be paid to participate in this study; however a contribution of 
£15 per patient completing the study will be made to the UK Multiple Sclerosis Society.

Participant Rights: You may consider some of the questions personal or sensitive, 
however you can chose not to answer any question you do not wish to answer. Your 
decision of whether or not to participate in this study will not affect your medical care. If 
you have read this form and have decided to participate in this project, please understand 
your participation is voluntary and you have the right to withdraw your consent or 
discontinue participation at any time without penalty or loss of benefits to which you 
are otherwise entitled. Your identity will not be disclosed in any published and written 
material resulting from the study.

AUTHORIZATION TO USE YOUR HEALTH INFORMATION FOR RESEARCH 
PURPOSES

Because information about you and your health is personal and private, it generally cannot 
be used in this research study without your written authorization.  If you sign this form, 
it will provide that authorization.  The form is intended to inform you about how your 
health information will be used or disclosed in the study.  Your information will only be 
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used in accordance with this authorization form and the informed consent form and as 
required or allowed by law.  Please read it carefully before agreeing. 

If you decide to participate, you are free to withdraw your authorization regarding the 
use and disclosure of your health information (and to discontinue any other participation 
in the study) at any time.  After any revocation, your health information will no longer 
be used or disclosed in the study, except to the extent that the law allows us to continue 
using your information (e.g., necessary to maintain integrity of research). If you wish to 
revoke your authorization for the research use or disclosure of your health information 
in this study, you must do so in writing.   Please provide the written withdrawal to 
Dr. Hans Hillege, Professor of Cardiology, General Manager Trial Coordination Center 
Department of Epidemiology University Medical Center Groningen, Hanzeplein 1, 9713 
GZ Groningen, The Netherlands

Contact Information: This study is being conducted under a collaborative agreement 
between the European Medicines Agency and the University of Groningen, the 
Netherlands. If you have any questions, concerns or complaints about this research study, 
its procedures, risks and benefits, or you should contact the Project Manager, (Nikolaos 
Zafiropoulos). You may contact him/her now or later at nikolaos.zafiropoulos@ema.
europa.eu (02075237694). 
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1) Do you consent to participate?

 � I consent

 � I do not consent

Disease History
The questions in the following section are about your history with multiple sclerosis. It 
will take approximately xx minutes to complete this section. 

1) How long has it been since you first had MS symptoms?

 � 1-2 years
 � 2-3 years
 � 3-4 years
 � 5 or more years
 � Don’t know/don’t want to answer

[note to programmer, please place questions 1 & 2 on the same screen]

2) How long has it been since your symptoms were diagnosed as MS?

 � 1-2 years
 � 2-3 years
 � 3-4 years
 � 5 or more years
 � Don’t know/don’t want to answer

3) Please indicate your MS disease subtype.*

 � Relapsing remitting
 � Highly active relapsing remitting
 � Secondary progressive
 � Primary Progressive
 � Benign MS
 � Don’t know/don’t want to answer

4) Are you currently under active treatment for MS?

 � Yes
 � No
 � Don’t know/don’t want to answer

The survey cannot continue without your 
consent. If you do not want to participate 

please click the 'QUIT' button.
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Relapse and Disability

5) Have you had a relapse since your diagnosis?

 � Yes
 � No
 � Don’t know/don’t want to answer

6) How many relapses have you had in the past 12 months?

____________________________________________ 
 � Don’t know/don’t want to answer

7) Have you experienced any disability as a result of your MS?

 � Yes
 � No
 � Don’t know/don’t want to answer

Favorable outcomes
In the next 3 sections you will be asked several questions about favorable outcomes 
that are possible with multiple sclerosis treatments. Each question is a judgment of 
your preferences for different levels of possible treatment outcome, regardless of the 
present state of your MS. The term ‘attractiveness’ is used in the sentence to capture your 
preference for one level compared to another level of the treatment. Your responses will 
be checked by the computer for consistency and logic and if not consistent you will be 
given an opportunity to change your responses. It will take approximately XXX minutes 
to complete this section. 

Number of Relapses
Imagine there are 2 treatments where patients could experience one of the two outcomes 
below. 

1) What is the difference in attractiveness in having no relapses in the next 5 years 
compared to 1 relapse in the next 5 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate

Go to question 7
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 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

2) What is the difference in attractiveness in having 1 relapses in the next 5 years 
compared to 2 relapses in the next 5 years? 

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

3) What is the difference in attractiveness in having 2 relapses in the next 5 years 
compared to 3 relapses in the next 5 years? 

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

4) What is the difference in attractiveness in having 3 relapses in the next 5 years 
compared to 4 relapses in the next 5 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak
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Time to Disease Progression
Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

12) What is the difference in attractiveness in time to disease progression in 8 years to 
time to disease progression in 6 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

13) What is the difference in attractiveness in time to disease progression in 6 years to 
time to disease progression in 4 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

14) What is the difference in attractiveness in time to disease progression in 4 years to 
time to disease progression in 2 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak



227

4.2

VALUES JUDGEM
ENTS AM

ONG EUROPEAN REGULATORS AND PATIENTS

Disease Progression
Many people with MS experience symptoms as part of their overall condition, even when 
they are not having a relapse.  These symptoms differ from person to person, but they often 
affect people’s ability to move around on their own and to engage in their usual activities. 
The following questions deal with prevention of disease progression. Descriptions of 
symptoms possible with MS are given below. Please respond to the questions by giving 
your preferences between the two compared symptoms.

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

Normal: I may have some mild symptoms, mostly sensory due to MS but they do not 
limit my activity. If I do have an attack, I return to normal when the attack has passed.

Mild disability: I have some noticeable symptoms from my MS but they are minor and 
have only a small effect on my lifestyle.

5) What is the difference in attractiveness in prevention of disease progression from 
no disability to mild disability?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

Mild disability: I have some noticeable symptoms from my MS but they are minor and 
have only a small effect on my lifestyle.

Moderate disability: I don’t have any limitations in my walking ability. However, I do 
have significant problems due to MS that limit daily activities in other ways.

6) What is the difference in attractiveness in prevention of disease progression from 
mild disability to moderate disability?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
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 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

Moderate disability: I don’t have any limitations in my walking ability. However, I do 
have significant problems due to MS that limit daily activities in other ways.

Early cane: I use a cane or a single crutch or some other form of support (such as touching 
a wall or leaning on someone’s arm) for walking all the time or part of the time, especially 
when walking outside. I think I can walk 25 feet in 20 seconds without a cane or crutch. 
I always need some assistance (cane or crutch) if I want to walk as far as 3 blocks.

7) What is the difference in attractiveness in prevention of disease progression from 
moderate disability to early cane?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

Early cane: I use a cane or a single crutch or some other form of support (such as touching 
a wall or leaning on someone’s arm) for walking all the time or part of the time, especially 
when walking outside. I think I can walk 25 feet in 20 seconds without a cane or crutch. 
I always need some assistance (cane or crutch) if I want to walk as far as 3 blocks.

Late cane: To be able to walk 25 feet, I have to have a cane, crutch or someone to hold 
onto. I can get around the house or other buildings by holding onto furniture or touching 
the walls for support. I may use a scooter or wheelchair if I want to go greater distances.

8) What is the difference in attractiveness in prevention of disease progression from 
early cane to late cane?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
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 � Weak
 � Very Weak

Late cane: To be able to walk 25 feet, I have to have a cane, crutch or someone to hold 
onto. I can get around the house or other buildings by holding onto furniture or touching 
the walls for support. I may use a scooter or wheelchair if I want to go greater distances..

Bilateral support: To be able to walk as far as 25 feet I must have 2 canes or crutches or 
a walker. I may use a scooter or wheelchair for longer distances. 

9) What is the difference in attractiveness in prevention of disease progression from 
late cane to bilateral support?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

Bilateral support: To be able to walk as far as 25 feet I must have 2 canes or crutches or 
a walker. I may use a scooter or wheelchair for longer distances. .

Wheelchair/Scooter: My main form of mobility is a wheelchair. I may be able to stand 
and/or take one or two steps, but I can’t walk 25 feet, even with crutches or a walker.

10) What is the difference in attractiveness in prevention of disease progression from 
bilateral support to confined to a wheelchair?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak
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Imagine there are 2 treatments where patients could experience one of the two outcomes 
below.

Wheelchair/Scooter: My main form of mobility is a wheelchair. I may be able to stand 
and/or take one or two steps, but I can’t walk 25 feet, even with crutches or a walker.

Bedridden: Unable to sit in a wheelchair for more than one hour.

11) What is the difference in attractiveness in prevention of disease progression from 
confined to wheelchair to bedridden?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

Unfavorable outcomes
Chance of Serious Side Effects from Medicines
Some medicines for MS have side effects that could increase your risk of dying. We will 
give you information about some of these risks, and later in this survey we will ask you 
to consider medicines with different amounts of risk.  Here are some illustrations that 
may help you think about the possible risks of serious side effects from MS medications. 

Each square in these boxes corresponds to one patient and there are 1,000 squares in 
each box. The shaded squares indicate patients who would die from a serious side effect 
of a MS medicine, and the unshaded squares indicate patients who would avoid the side 
effect or would recover if they got the side effect.
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Unfavorable outcomes 

Chance of Serious Side Effects from Medicines 

Some medicines for MS have side effects that could increase your risk of dying. We will give you 
information about some of these risks, and later in this survey we will ask you to consider medicines with 
different amounts of risk.  Here are some illustrations that may help you think about the possible risks of 
serious side effects from MS medications.  

Each square in these boxes corresponds to one patient and there are 1,000 squares in each box. The 
shaded squares indicate patients who would die from a serious side effect of a MS medicine, and the 
unshaded squares indicate patients who would avoid the side effect or would recover if they got the side 
effect. 

      5 patients out of 1,000   20 patients out of 1,000  50 patients out of 1,000 
(0.5%) will die           (2%) will die    (5%) will die 

  

12.  In the box below, how many patients would die from a serious side effect?  
a. 1 out of 1,000 will die 
b. 3 out of 1,000 will die 
c. 997 out of 1,000 will die 
d. I can't see the squares clearly enough to tell. 

Unfavorable outcomes 

Chance of Serious Side Effects from Medicines 

Some medicines for MS have side effects that could increase your risk of dying. We will give you 
information about some of these risks, and later in this survey we will ask you to consider medicines with 
different amounts of risk.  Here are some illustrations that may help you think about the possible risks of 
serious side effects from MS medications.  

Each square in these boxes corresponds to one patient and there are 1,000 squares in each box. The 
shaded squares indicate patients who would die from a serious side effect of a MS medicine, and the 
unshaded squares indicate patients who would avoid the side effect or would recover if they got the side 
effect. 

      5 patients out of 1,000   20 patients out of 1,000  50 patients out of 1,000 
(0.5%) will die           (2%) will die    (5%) will die 

  

12.  In the box below, how many patients would die from a serious side effect?  
a. 1 out of 1,000 will die 
b. 3 out of 1,000 will die 
c. 997 out of 1,000 will die 
d. I can't see the squares clearly enough to tell. 

12) In the box below, how many patients would die from a serious side effect?  

a) 1 out of 1,000 will die
b) 3 out of 1,000 will die
c) 997 out of 1,000 will die
d) I can’t see the squares clearly enough to tell.

[FOLLOW UP IF CORRECT]  Yes, you are correct.  This box shows that 3 out of 1,000 patients will die. 

[FOLLOW UP IF INCORRECT]  The shaded boxes show the number of patients who die out of 1,000.  There are 3 
shaded boxes, so a better answer to this question is 3 out of 1,000 patients will die. 

[If answer is (d)] The shaded boxes show the number of patients who die out of 1,000.  There are 3 shaded boxes, so 3 
out of 1,000 patients will die. 

[FOLLOW UP IF CORRECT]  Yes, you are correct.  This box shows that 3 out of 1,000 
patients will die.

[FOLLOW UP IF INCORRECT]  The shaded boxes show the number of patients who 
die out of 1,000.  There are 3 shaded boxes, so a better answer to this question is 3 out of 
1,000 patients will die.

[If answer is (d)] The shaded boxes show the number of patients who die out of 1,000.  
There are 3 shaded boxes, so 3 out of 1,000 patients will die.
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In the next section you will be asked to answer several questions about unfavorable 
treatment outcomes that are possible with multiple sclerosis treatments. Each question 
is a judgment of the value you place on the levels of each treatment outcome, regardless 
of the present state of your MS. Your responses will be checked by the computer for 
consistency and logic and if not consistent you will be given an opportunity to change 
your responses. It will take approximately 20 minutes to complete this section. 

Studies suggest that some medicines for MS increase your chances of experiencing liver 
failure.  When liver failure occurs, people often experience fatigue, nausea, itchiness, 
swelling in the belly and legs, jaundice (yellowing of the skin), and problems with bleeding.  
Without a liver transplant, liver failure is usually fatal.  Many patients needing a transplant 
are unable to find a matching liver from the limited number available.

1) What is the difference in attractiveness between no one dying or having severe 
disability from liver failure in 10 years and 15 people in 1000 dying or having severe 
disability liver failure in 10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

2) What is the difference in attractiveness between 15 people in 1000 dying or having 
severe disability from liver failure in 10 years and 30 people in 1000 dying or having 
severe disability from liver failure in 10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

3) What is the difference in attractiveness between 30 people in 1000 dying or having 
severe disability from liver failure in 10 years and 45 people in 1000 dying or having 
severe disability from liver failure in 10 years?

 � Extreme
 � Very Strong
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 � Strong
 � Moderate
 � Weak
 � Very Weak

Studies suggest that some medicines for MS increase your chance of getting PML (Progressive 
Multifocal Leukoencephalopathy).  PML is a rare, progressive brain infection.  The symptoms 
of PML are serious and may include the inability to think clearly, paralysis, blindness, and 
coma.  Even with proper treatment PML can result in death or serious disability.

1) What is the difference in attractiveness between no one dying or having severe 
disability from a severe infection (PML) in 10 years and 15 people in 1000 dying or 
having severe disability from a severe infection (PML) in 10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

2) What is the difference in attractiveness between 15 people in 1000 dying or having 
severe disability from a severe infection (PML) in 10 years and 30 people in 1000 dying 
or having severe disability from a severe infection (PML) in 10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

3) What is the difference in attractiveness between 20 people in 1000 dying or having 
severe disability from a severe infection (PML) in 10 years and 45 people in 1000 dying 
or having severe disability from a severe infection (PML) in 10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
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 � Weak
 � Very Weak

Studies suggest that some medicines for MS increase your chances of getting leukemia.  
Leukemia is a cancer that affects a person’s blood cells and their ability to defend the 
body against infections, such as viruses and bacteria.  Persons with leukemia often suffer 
from fatigue, fever, abnormal bleeding, bone or joint pain, and stomach pain or “fullness.” 
Even with proper treatment, leukemia can result in death.

4) What is the difference in attractiveness between no one dying from a neoplasm 
(cancer) in 10 years to 15 people in 1000 dying from Leukemia (cancer) in 10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

5) What is the difference in attractiveness between1 5 people in 1000 dying from a 
neoplasm (cancer) in 10 years or 30 people in 1000 dying from a neoplasm (cancer) in 
10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak

6) What is the difference in attractiveness between 30 people in 1000 dying from a 
neoplasm (cancer) in 10 years or 45 people in 1000 dying from a neoplasm (cancer) in 
10 years?

 � Extreme
 � Very Strong
 � Strong
 � Moderate
 � Weak
 � Very Weak
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Swing Weights

( ) Very Weak 

Swing Weights 
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Swing weights continue… 

Swing weights continue… 
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Time Trade-off
The next questions are to help us understand the trade-offs that you would be willing to 
make between favorable outcomes and the unfavorable outcomes of a treatment. Imagine 
a hypothetical situation where a technology existed that could permanently cure your 
MS, would always work, but would decrease your survival.

1) Please write below (in years) your personal estimate of your life expectancy from today.

____________________________________________ 

2) What is the maximum number of years out of your life expectancy, if any, that you 
would be willing to trade in return for complete cure of your MS?

____________________________________________ 

Standard Gamble
Please consider a scenario where a new treatment for multiple sclerosis exists. When this 
treatment works, patients would have a complete cure of their multiple sclerosis for the 
rest of their lives. However, when the procedure fails, they would not survive.

3) Please estimate the largest percentage risk of death you would be willing to accept 
to be relieved of your MS.

____________________________________________ 
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MSIS-29
The following questions ask for your views about the impact of MS on your day-to-day life 
during the past two weeks. For each statement, please indicate by clicking the statement 
that best describes your situation. It will take approximately XXX minutes to answer this 
section. Please answer all questions as best you can even if some seem similar to others 
or irrelevant to you. 

1) In the past two weeks, how much has your MS limited your ability to do physically 
demanding tasks?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

2) In the past two weeks, how much has your MS limited your ability to grip things 
tightly (e.g. turning on taps)?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

3) In the past two weeks, how much has your MS limited your ability to carry things?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

4) In the past two weeks, how much have you been bothered by problems with your 
balance?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely
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5) In the past two weeks, how much have you been bothered by difficulties moving 
about indoors?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

6) In the past two weeks, how much have you been bothered by being clumsy?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

7) In the past two weeks, how much have you been bothered by stiffness?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

8) In the past two weeks, how much have you been bothered by heavy arms and/or legs?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

9) In the past two weeks, how much have you been bothered by tremor of your arms 
or legs?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely
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10) In the past two weeks, how much have you been bothered by spasms in your limbs?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

11) In the past two weeks, how much have you been bothered by your body not doing 
what you want it to do?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

12) In the past two weeks, how much have you been bothered by having to depend on 
others to do things for you?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

13) In the past two weeks, how much have you been bothered by limitations in your 
social and leisure activities at home?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

14) In the past two weeks, how much have you been bothered by being stuck at home 
more than you would like to be?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely
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15) In the past two weeks, how much have you been bothered by having to cut down 
the amount of time you spent on work or other daily activities?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

16) In the past two weeks, how much have you been bothered by problems using 
transport (e.g. car, bus, train, taxi, etc.)?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

17) In the past two weeks, how much have you been bothered by taking longer to do 
things?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

18) In the past two weeks, how much have you been bothered by difficulty doing things 
spontaneously (e.g. going out on the spur of the moment)?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

19) In the past two weeks, how much have you been bothered by needing to go to the 
toilet urgently?

 � Not at all
 � A little
 � Moderately
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 � Quite a bit
 � Extremely

20) In the past two weeks, how much have you been bothered by feeling unwell?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

21) In the past two weeks, how much have you been bothered by problems sleeping?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

22) In the past two weeks, how much have you been bothered by feeling mentally 
fatigued?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

23) In the past two weeks, how much have you been bothered by worries related to 
your MS?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

24) In the past two weeks, how much have you been bothered by feeling anxious or tense?

 � Not at all
 � A little
 � Moderately
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 � Quite a bit
 � Extremely

25) In the past two weeks, how much have you been bothered by feeling irritable, 
impatient, or short tempered?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

26) In the past two weeks, how much have you been bothered by problems concentrating?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

27) In the past two weeks, how much have you been bothered by lack of confidence?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

28) In the past two weeks, how much have you been bothered by feeling depressed?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely
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MSWS-12
These questions ask about limitations to your walking due to MS during the past two 
weeks. For each statement, please indicate by clicking the statement that best describes 
your degree of limitation. Please answer all questions even if some seem rather similar 
to others, or seem irrelevant to you. 

29) Please indicate below if you cannot walk at all:

 � Cannot walk
 � Able to walk
 � Don’t want to answer

30) In the past two weeks, how much has your MS limited your ability to walk?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

31) In the past two weeks, how much has your MS limited your ability to run?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

32) In the past two weeks, how much has your MS limited your ability to climb up and 
down stairs?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

33) In the past two weeks, how much has your MS made standing when doing things 
more difficult?

 � Not at all
 � A little
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 � Moderately
 � Quite a bit
 � Extremely

34) In the past two weeks, how much has your MS limited your balance when standing 
or walking?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

35) In the past two weeks, how much has your MS limited how far you are able to walk?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

36) In the past two weeks, how much has your MS increased the effort needed for you 
to walk?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

37) In the past two weeks, how much has your MS made it necessary for you to use 
support when walking indoors (e.g. holding on to furniture, using a stick, etc)?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely
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38) In the past two weeks, how much has your MS made it necessary for you to use 
support when walking outdoors (e.g. using a stick, a frame, etc)?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

39) In the past two weeks, how much has your MS slowed down your walking?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

40) In the past two weeks, how much has your MS affected how smoothly you walk?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely

41) In the past two weeks, how much has your MS made you concentrate on your 
walking?

 � Not at all
 � A little
 � Moderately
 � Quite a bit
 � Extremely
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Demographics (Patients)
The following are several questions to provide us with personal information about you. 

1) Are you Male or Female?

 � Male
 � Female

2) What is your age?

_____________

3) What is your current marital status?

 � Single
 � Married
 � Separated/Divorced

4) Number of children living in your home?

_____________ 

5) What is the highest level of formal education you have completed?

 � less than 12 years
 � more than 12 years

6) What is your current employment status?

 � Employed full-time
 � Employed part-time
 � Self-employed
 � Homemaker
 � Student
 � Retired
 � Disabled/Unable to work
 � Unemployed but looking for work
 � Unemployed but not looking for work

7) How long did it take you to complete this survey?

 � Less than 20 minutes
 � 20 to 30 minutes
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 � 31 to 40 minutes
 � More than 40 minutes

Demographics (Regulators)

1) Please indicate the National Competent Authority you represent:

 � Agence Française de Sécurité Sanitaire des Produits de Santé
 � Agencia Española de Medicamentos y Productos Sanitarios
 � Läkemedelsverket
 � College Ter Beoordeling van Geneesmiddelen
 � Medicines and Healthcare products Regulatory Agency
 � Bundesinstitut für Arzneimittel und Medizinprodukte
 � AGES PharmMed
 � Agenzia Italiana del Farmaco
 � Autoridade Nacional do Medicamento e Produtos de Saúde, I.P.

2) What term best describes your role within your Agency? (Please tick all that apply)

 � Internal Assessor
 � External Assessor
 � CHMP Member
 � Other

3) What term best describes your role within Agency? (Please tick all that apply)

 � Centralized
 � National
 � Other

4) How long have you occupied your current role?

 � 0-1 year
 � 1-2 years
 � 2-3 years
 � 3-5 years
 � 5 or more years
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5) What is your academic qualification? (Please tick all that apply)

 � Medical doctor
 � PhD
 � Pharmacist
 � Other  

6) What is (are) your therapeutic area(s) of expertise? (Please tick all that apply)

 � Anti-infectives
 � Cardiovascular Central Nervous System
 � Endocrinology
 � Gastroenterology
 � Haematology and Diagnostics
 � Immunology
 � Metabolism
 � Oncology
 � Ophthalmology
 � Respiratory Rheumatology
 � Vaccines
 � Other  

7) In what section of the Marketing Authorisation Application is your expertise most 
relevant? (Please tick all that apply)

 � Clinical Efficacy
 � Clinical Safety
 � Non-clinical 
 � Other  

8) Are you Male or Female?

 � Male
 � Female

9) What is your age category?

 � Between 20 and 29
 � Between 30 and 39
 � Between 40 and 49
 � Between 50 and 69
 � Over 60
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10) Do you have a family, i.e. children?

 � Yes 
 � No

Thank You!

Thank you for participating in this study. We greatly appreciate your time and cooperation. 
A donation of £15 will be made to the UK Multiple Sclerosis Society in recognition of your 
contribution to our research. We are always trying to improve our research methods so 
please leave any comments in the box below.






