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INTRODUCTION

1. INTRODUCTION

The shift from the industrial to the modern age brought with it many benefits for humans, 
such as reduced poverty and improved health and longevity; but along with this has 
come a great many hazards. As observed by Ulrick Beck, modernization has become 
‘its own theme’ as the ‘questions of the development and employment of technologies are 
being eclipsed by questions of the political and economic ‘management’ of the risks of 
actual or potentially utilized technologies’[1]. The discourse on risk has heretofore been 
the purview of scientific experts who define the risk agenda based on the probability of 
the physical harm resulting from technological processes. However, the march towards 
an ever-advancing modernity and the widespread distribution of associated harms 
has forced a new dialogue on risk. The global impact of hazards in the modern age 
(e.g., increased cardiovascular disease resulting from an approved MS drug impacts 
patients in all countries where the drug is approved and used; harm, in the industrial 
age, is no longer local) has exploded the one-dimensional probabilistic view, and risk 
is now considered to be inclusive of not only the probability of the harm but also the 
consequences of the harm. 

Modernization has forced this movement of risk beyond the confines of the laboratory, 
and sociologists, anthropologists and scientists now acknowledge the new risk paradigm; 
however, the risk paradigm implies the introduction of a degree of subjectivity heretofore 
unacknowledged in the modern technological discussion. This belated refinement of the 
experts’ view on risk emerged at the moment it became apparent that the public were not 
accepting of the scientists’ explanations of the harms resulting from new technologies 
(e.g. nuclear energy, herbicides) and was also the impetus for an additional didactic on 
risk—that of the ‘public perception’ of risk [2, 3]. The field of risk research flourished with 
the efforts to explain and contain the public’s allergic reaction to the results of this new 
modernity with countless publications providing theories of the layperson’s divergence 
from a normative approach to risk (expected utility) [4, 5]. We now know that people 
perceive risk via a number of cognitive biases, subjective interpretations of the hazard/
harm, affective reactions and individual differences, such as gender [5-8]. 

Ironically, the new paradigm on risk did not result in greater inclusion of laypeople or 
non-experts in the dialogue on risk, as their subjectivity was still seen as a drawback and 
not as support of equitable policies. Instead, a now discredited knowledge-deficit model 
was developed with the purpose of enlightening an ignorant and hostile public [9, 10]. 
Challenges to this model since the 1990s have supported a shift from deficit to dialogue, 
seeking to link science to the body politic. The aspiration for democracy in science is aptly 
summed by Moore, who says that ‘technical is political, the political should be democratic 
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and the democratic should be participatory’[11]. However, in the past two decades, several 
criticisms of the actualization of this aspiration have been raised[12]. Barnett and others 
have recently argued that ‘the construction and expert control of public concern invites 
interactions framed in terms of expert reassurance rather than mutual exchange and 
engagement’ [13]. Beck, Wynne and others have refined the concept of ‘dialogue’ and 
argued for the need for reflexivity of scientific institutions, that is, institutions where the 
science–public interface is inclusive of the non-expert concerns and where the resulting 
policies bear out the continual negotiation that non-experts are forced to exhibit between 
the benefits and risks of developments in science [1, 14]. The play between experts and 
non-experts in other areas of science is similarly enacted within the realm of medicine. 
In Europe and the US, the institutions that assess the scientific advances in medicine and 
regulate the associated risks endeavour to engage the public by including representatives 
of patient organisations [15-17]. While laudable, this construction is reminiscent of 
the ‘knowledge-deficit’ model rather than the ‘dialogue’ model and, as with other such 
engagements, ‘seems to do little more than replicate existing power relationships between 
scientists and the public[s]’ [12, 18]. In a recent look back at public engagement in science, 
Patrick Sturgis questions whether this use of the ‘scientific citizen’, an institutionally 
sponsored self-selected representative of the public, fulfils the commitment to public 
engagement [19]. Sturgis’ essay raises a dilemma; if a single representative is insufficient 
and the more democratic approach, that is that all members of the public engaged in 
face-to-face discourse with scientists, is an impossibility, how can social scientists deliver 
on the promise of normative commitment to public engagement? 

The continuance of the knowledge-deficit model of public–scientific interaction, despite its 
newer forms, results from the near infallibility of expert knowledge. While the public were 
undergoing scrutiny for their cognitive limitations, biases and inability to understand/
accept the associated risks of the advances of science, social scientists neglected to conduct 
a similar examination of the ‘expert’ group. Here, a distinction must be made; by ‘expert’ I 
refer to not only those with scientific knowledge but also to those who are the gatekeepers 
for the advances in technology and science and who operate within organizations and 
institutions to manage and control the risk and therefore define the risk agenda. Stemming 
from the methodology used in the early studies of risk and the main thrust of the research, 
that is, explaining the public ‘technophobia’, experts were viewed as assessing risk only 
via a function of probability and consequence, while laypeople have a more complex and 
socially charged view of risk. This view has now been sufficiently criticized, leaving it 
with limited if any credibility [20]. However, despite the criticisms of Rowe, Wright and 
others, new studies among ‘experts’ have not lead to a greatly improved understanding 
of how experts interact with risky situations and whether the social construction of risk, 
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cognitive biases in judgment or the influence of emotion and individual characteristics 
operate among experts in the same or similar manner as among non-experts. 

•	 In The Tolerability of Risk, Ortwin Renn summarizes the work of Webler (1995) and 
Demos (2004) and proposes the following dimensions to ensure the equitable and 
balanced assessment of risk:

•	 Have all arguments been properly treated? Have all truth claims been fairly and 
accurately tested against commonly agreed standards of validation?

•	 Has all the relevant evidence, in accordance with the actual state-of the-art knowledge, 
been collected and processed?

•	 Was systematic, experiential and practical knowledge and expertise adequately 
included and processed?

•	 Were all interests and values considered, and was there a major effort to come up with 
fair and balanced solutions?

•	 Were all normative judgements made explicit and thoroughly explained? Were 
normative statements derived from accepted ethical principles or legally prescribed 
norms?

•	 Were all efforts undertaken to preserve plurality of lifestyles and individual freedom 
and to restrict the realm of collectively binding decisions to those areas in which 
binding rules and norms are essential and necessary to produce the wanted outcome? 

Do experts, particularly those who work in regulatory institutions, adhere to these steps? 
On the surface, it would seem that they do. There are elaborate processes in place within 
our regulatory organizations to support adherence to the above generally agreed principles 
[21], and there is a pervasive belief that such decision making bodies by virtue of their 
organizational structure, that is, by relying on a hierarchal bottom-up flow of expert advice 
and consultation, allow for alternative interests and perspectives to be rationally considered 
until the optimal alternative is reached [22]. However, there is evidence to contradict this 
view. That is, real-life organizational decision making, despite the procedural support 
provided, is prone to both cognitive and organizational limitations and the problems of 
ambiguity, uncertainty, conflict and differing risk attitudes that may negatively impact 
the elucidation and consideration of the alternatives [22]. One obvious reason for the 
limitations to the very logical process described above is that institutions are managed 
or composed of individuals who, despite their best efforts to the contrary, may influence 
the outcome by the introduction of ‘human factors’ into the decision-making process. 

1.1. Research Scope and Aims
It is the human aspect of risk regulation for experts and non-experts that will be examined 
in this thesis using methods from the fields of behavioural economics and decision 
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theory. The overarching research questions are whether and how decision making for 
risk regulation, as conducted by experts within the European pharmaceutical regulatory 
network (a decentralized system for regulation and consensus building for medicinal 
products and devices across 28 European countries), is influenced by known behavioural 
and cognitive limitations. In addition, we must ask if there is an existing method(s) that 
responds to the challenge of moving public engagement on risk assessment out of the 
procedural (e.g., limited engagement of a small number of representatives working within 
the current evaluative structure) and into the political (i.e., interaction with the public that 
is reflective of their concerns and of their humanity. Two well-known theories will guide 
this section of the work—the psychometric paradigm and decision theory. Further, two 
decision tools (qualitative and quantitative) will be evaluated for their ability to increase 
transparency and to support the regulatory decision-making process. 

The chapters that follow will provide support for the case of ‘risk as a social construct’ 
among medically trained experts but not, as has been previously proposed, a construction 
based on characteristics of the ‘risk’ but based on individual differences in risk perceptions 
and risk attitudes. I will argue that like laypeople, experts as regulators have a subjective 
component to their risk assessment of medicinal products that is a combination of a 
heuristic or ‘gut feeling’ reaction depending on the situational factors surrounding the 
medicinal product, their general attitude towards risk and their individual characteristics. 
This thesis aims to answer the following questions via several empirical studies: 

•	 Are there benefits or risk dimensions of a drug that predict the risk perception of an 
assessor? (Chapter 2.1; accepted, Medical Decision Making, March 2013)

•	 Do medical assessors have a consistent risk attitude, that is, risk-seeking, risk-neutral 
or risk- averse? (Chapter 2.2; accepted, Value in Health, January 2015)

•	 Is there a relationship between risk perception of a drug and individual characteristics 
such as personality traits or general risk attitude of an assessor? (Chapter 2.2; accepted, 
Value in Health, January 2015)

•	 Do medical assessors exhibit congruency in their views of the benefits and risks of a 
drug? (Chapter 2.3; submitted for publication)

•	 Can multi-criterion decision support tools aid regulators in the decision-making 
process? (Chapter 3.1; accepted Drug Discovery Today: Technologies, March 2011)

•	 Is there an existing methodology that can be applied to the elicitation of patient 
preferences? (Chapter 4.1; submitted for publication)

•	 Are the risk attitudes and treatment choices different between MS patients and 
regulators? (Chapter 4.2; submitted for publication)
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2. CONCEPTUAL FRAMEWORK

The interdisciplinary nature (medicines, risk regulation, behavioural economics and 
decision theory) and therefore complex structure of this thesis requires the elucidation 
of several concepts that underpin the work. First is the conceptualisation of risk and how 
it is operationalised within the context of drug regulation; second is a combined concept 
of affective responses and human cognitive biases when faced with uncertainty and third 
is the influence of individual differences in risk assessment and choice.

2.1. Risk 
In the past four decades, developments in science, medicine, and technology have led to 
increasing public concern that the promised benefits bring with them serious potential 
harm to the environment and to human health. In the area of pharmaceutical regulation, 
there are two situations that reflect this concern: when regulators withhold market 
approval of new medicines despite lengthy pre-clinical and clinical evaluations and when 
high-profile medicinal products are first approved and then later withdrawn from the 
market. The debates before and after both instances highlight the diversity in risk attitude, 
that is, a chosen response to a situation among experts, patients and other stakeholders 
in that they did not all share the same views on risk [23]. 

The case of Natalizumab (Tysabri) provides an excellent example of all the concepts related 
to risk assessment to be outlined in this thesis. Approved by the US regulator in 2004 as a 
treatment for multiple sclerosis, it was withdrawn in 2005 by the manufacturer due to three 
cases of a rare and fatal neurological condition, progressive multifocal leukoencephalopathy 
(PML). With no new cases occurring, the FDA returned Tysabri to the market in 2006 after 
a review of the safety data and intense lobbying by patient organizations. The EMA, on the 
other hand, did not provide market authorization after receiving the application in 2004 
but deliberated the evidence for two years before finally approving Tysabri with a limited 
indication in 2006. By 2012, there were 212 known cases of PML, but to date the drug has 
not been withdrawn from the market again [24]. Here, we see the probability of a harmful 
event, a socially determined response to this probability and differences in risk attitudes 
among various social groups. The situation above begs the question: if three fatalities were 
too many, how can 212 fatalities now be acceptable? I submit that the answer to this can 
best be found among the empirical studies of risk research.

2.1.1. Risk as Uncertainty
From the above example of Tysabri, we see that individuals have differences regarding 
the degree of risk they are willing to accept. But what is risk? How is it defined? The 
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definition most often applied in scientific enquires is that risk is a measurable, objective 
function of the probability of an event and the magnitude of that event [25-27]. But even 
this definition does not sufficiently cover the full complexity of what comprises risk. 
Within the context of medicinal drugs, it appears that regulators must contend with 
both risk and uncertainty. Prior to placing a drug on the market, uncertainty dominates 
as manufacturers conduct clinical trials to support their bid for market authorization. 
However, there are limitations attached to the knowledge gained in clinical trials that 
is inherent to the methodology, namely the comparatively narrow patient populations 
on which the drugs are tested, the continual supervision of the patients during the trial 
period (neither of which are reflective of a real life setting) and the limitations of the 
statistical models used to assess such data. 

The table below shows an attempt by Wynne to untangle the intricacies of risk and 
uncertainty.

Table 1. Types of risk

Risk Known odds

Uncertainty Don’t know the odds: may know the main parameters, may reduce uncertainty but 
increase ignorance

Ignorance Don’t know what we don’t know; ignorance increases with increased commitments 
based on current knowledge

Indeterminacy Causal chains or networks remain open

[28]Wynne, B. 1992 

Given the definitions above, the assessment of all clinical trials, including the case of 
Tysabri, appear to reflect uncertainty and not risk because the true probability of adverse 
events cannot be known at the time of market authorization and may in fact be higher in 
the target patient population than was observed in the clinical trials. The relevance of this 
concept for this thesis is that medical assessors are on the verge of assessing a quantity that 
is not entirely measurable. In the context of the traditional definition of risk first given 
in this section, if the true probability of an event is unknown then one cannot determine 
the magnitude or the consequence of such an event. There must therefore be some other 
system by which assessors judge the viability of medicinal drugs. 

2.1.2. Risk as a Social Construct

An alternative view of risk proposed by social scientists is that risk is not an objective 
entity (probability and magnitude) but a social construction [29-32]. There are two main 
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theories of risk as a socially constructed concept, only one of which is the focus of this 
thesis and for which the background literature with the main findings and gaps in the 
knowledge are presented below. The other, known as cultural theory, has too wide a focus 
for this thesis and was found to be difficult to evaluate within our research population. 
This theory, as proposed by Mary Douglas and Aaron Wildavsky, holds that humans 
understand or perceive risk via culturally supported value systems or worldviews [33]. 
Four worldviews have been proposed: egalitarian, individualist, hierarchist and fatalist. 
The empirical evidence in support of this theory has been limited, and to date, the theory 
has been strongly criticized. However, new data from a series of experiments from the 
Cultural Cognition Project has shown that this is a viable area of study and is deserving 
of further attention [34].

2.1.2.1.  Risk Perception

In the field of risk research, the seminal work by Starr showed that the acceptance of risk 
was not, as previously thought, based only on weighting the objective estimates of risks 
and benefits but also included a subjective dimension that he identified as voluntariness, 
meaning that people are willing to accept greater risks associated with voluntary activities 
(e.g. driving) than with involuntary activities (e.g. consuming food preservatives [35]. 
There have been many challenges to this work, but it began an exploration of the subjective 
component in the construction of risk and launched a new era of research. 

In the 1970s, the work of Fischoff and others and later Slovic and others further expanded 
this theme of the subjective component in risk evaluation. They concluded that while 
the objective component of a hazard, an agent that leads to harmful consequences, 
remains real (e.g. birth defects in families living near nuclear plants or the number of 
automobile accidents on the highway), people make subjective decisions with regard to 
how dangerous they perceive these hazards to be. The authors also concluded that there 
are specific characteristics of a hazard that influence risk acceptability [2, 25, 36]. Based 
on the now famous analysis of the perception of 54 hazards collected by laypeople, the 
graph of how people ‘perceive’ risks, that is, via three dimensions (third dimension not 
shown on graph) of dread—the unknown, the number of people exposed to the hazard 
and one’s own exposure—was published and the term ‘risk perception’ was coined. This 
theory, known as the psychometric paradigm, set the stage for all other discourse on the 
understanding of risk. 

From the above discussion, one gathers that there are two radically different paths by which 
experts and laypeople view risk, the traditional definition and the social construction of 
risk. If one considers the case of Tysabri, the above definitions appear to be operational 
but curiously in contrast to what has been previously proposed. One could construe that 
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the experts (i.e. the manufacturers/regulators) in their decision to withdraw the drug from 
the market after three fatalities used the social definition of risk, that is, dread of future 
deaths from PML, a rare but fatal disease, while the patients instead may have used the 
traditional definition by recognizing that the probability of PML was low, although the 
consequence, death if the disease occurred, cannot be considered minimal. It appears that 
this division of the views on risk, by virtue of this example, seems artificial and, as noted 
by Mary Douglas, is perhaps too simple a construction. Instead, she merges the two views 
and proposes a definition that encompasses everyone (laypeople, experts) and emphasizes 
another aspect of risk evaluation, that is, value. ‘Risk is not only the probability of an event 
but also the probable magnitude of its outcome and everything depends on the value that 
is set on the outcome. The evaluation is a political, aesthetic and moral matter’ [37]. 

2.1.2.2. Risk Attitude

It is very often said that western societies have become ‘risk-averse’, and consequently, 
the governing bodies have developed regulations aimed at protecting the public from 
any risk [38]. The label of being ‘conservative and risk-averse’ is often directed at drug 
regulators when a drug application is rejected or withdrawn from the market [39, 40]. 
Indeed, regulatory bodies within the EU have as a statutory requirement to operate within 
the context of the precautionary principle that covers cases ‘where [the] scientific evidence 
is insufficient, inconclusive or uncertain and preliminary scientific evaluation indicates 
that there are reasonable grounds for concern that the potentially dangerous effects on 
the environment, human, animal or plant health may be inconsistent with the high level 

Slovic, Perception of Risk, 1987

Figure 1. Graphical depiction of the two dimensions of Slovic’s psychometric paradigm

Controllable
Not dread
Not global catastrophic
Consequences not fatal
Equitable
Individual
Low risk to future 
generations
Easily reduced
Voluntary

Uncontrollable
Dread
Global catastrophic
Consequences Fatal
Not equitable
Catastrophic
High risk to future 
generations
Not easily reduced
Involuntary

Factor 1

Not observable
Unknown to those exposed
Effect delayed
New risk
Risk unknown to science

Observable
Known to those exposed
Effect immediate
Old risks
Risks known to science

Factor 2



19

1

INTRODUCTION

of protection chosen by the EU’ [41]. Consequently, there are known regional differences 
that occur between the experts. From 1995 to 2010, of a sample of 325 medicinal products 
(non-generic) approved by the FDA, four applications received a negative opinion by 
the EMA and 46 applications were withdrawn prior to opinion. Conversely, of the 504 
products approved by the EMA from 1995 to 2010, seven had a ‘not approved’ status 
from the FDA at the time of the EMA opinion. One could say that patients in Europe 
were either protected from the risks or denied the benefits of the drug compared to the 
patients in the US, depending on one’s viewpoint. Further inconsistencies are seen within 
the European Regulatory Network. Between 1998 and 2011, there were 60 applications 
where regulators reviewing the same data arrived at divergent views [42]. 

It remains a challenge for regulators to balance increased public demand for long-term 
health, longevity and social acceptance (e.g. obesity) with the scientific uncertainty 
attending drug development and their ethical responsibility that requires that they err 
on the side of caution when the harm is scientifically plausible but uncertain. The answer 
to whether medical assessors/regulators in Europe are risk-averse with regard to drug 
regulation may be determined by evaluating individual assessors’ attitudes towards risk 
in general life situations and the relationship, if any, to their benefit or risk judgment of 
a drug. 

2.1.3. Cognitive Judgment and Affect 
The work of Kahneman and Tversky on the inconsistencies and contradiction of human 
behaviour to established economic theory, expected utility (EU), spanned a 30-year 
period. During this time, they published the results of several experiments of human 
choices leading to the following conclusions:

•	 emotion always overrides logic in the decision-making process;
•	 people suffer from cognitive dysfunction in making decisions because they never 

have enough information;
•	 people are not risk-averse but rather are loss-averse [5] 

The final point above reflects an important alternative to EU, Prospect Theory (PT), 
and proposes that when making decisions under risk, people are more sensitive or place 
greater value on losses than on gains. Individuals evaluate choice outcomes relative to 
a reference point and are willing to take more risks in choices involving sure losses and 
take less risk in choices involving sure gains, relative to the reference point [5]. In our 
health-related example of Tysabri, we see that PT could be used anecdotally to explain 
the choice of the patients, that is, when faced with a sure loss of a chronic debilitating 
disease if they did not take the drug, they were willing to take the risk by lobbying to 
keep the drug on the market despite the threat of developing PML. While plausible, 
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there is limited empirical investigation for the relevance of PT to patient choice, and 
researchers have called for more investigation of its applicability to decisions in the 
health domain [43, 44]. 

2.1.4. Individual differences in risk perception, risk taking
The literature examining individual difference yields several findings that are relevant 
to the hypotheses of this thesis; that is, humans do not all perceive risks or act in the 
same way when faced with uncertain situations. In their meta-analysis of 150 studies on 
gender differences in risk taking, Brynes et al have supported a longstanding belief of 
differences in risk taking between males and females. However, the major contribution 
of this work is the finding that these differences are not constant but change over time, 
with men taking fewer risks at older ages, resulting in a smaller difference between 
men and women [45]. This change of risk taking over time is supported by a recent 
study by Rolison et al, who show that not only does risk taking change but that the 
differences may depend on the domain being examined [46]. The authors found that the 
mean rating for financial risk taking, as measured by the Domain-Specific Risk-Taking 
(DOSPERT) scale, decreased sharply in later life, more so for men than for women. 
Meanwhile, risk taking in the social domain decreased more sharply for women than 
for men. Recreational risk taking had greater decreases between the younger and middle 
years than in later life, and ethical and health risk taking decreased linearly. As with 
many studies in risk perception and risk taking, the population providing the data have 
mainly been non-expert, non-professional populations. However, a few studies have 
been carried among managers and those with similar professional training, and the 
differences between genders are considerably less than in non-professional populations 
[47-50]. This finding is of particular interest as regards this thesis, as one hypothesis is 
that even within an expert population gender may influence risk perception and risk 
taking. The research mentioned above has been carried out predominantly among 
professionals/managers within the financial domain and may not be extrapolated to all 
expert domains. The literature indicates that individual differences in the perception 
of risk and consequently risk taking may be influenced not only by gender, age and 
domain but also by a general feeling of security or rather insecurity, education and 
socio-economic status [51, 52], that is, those who feel they are on the outer fringes of 
society are more risk-averse than those who feel content with their place in society, have 
a degree and earn a substantial income. 

There is clear evidence that individuals approach risky situations differently, and there 
are some discernible trends with regards to perceiving or taking risks. Explanations 
offered for the differences noted indicate a far more nuanced evaluation of risk than 
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was proposed by early work in this area. A seemingly clear dichotomy such as gender 
has now been challenged, and other descriptors such as age, social-economic status, 
professional grouping and cultural conceptions of masculinity and femininity have 
begun to emerge. 

THESIS OUTLINE

The first three chapters of this thesis present the results of field studies aimed at evaluating 
the psychometric paradigm among experts conducting risk evaluation within the 
pharmaceutical regulatory environment. Two of these chapers have been published and 
one has been submitted for peer review. The fourth chapter, already published, provides 
results of decision support tools being evaluated within the pharmaceutical regulatory 
environment and shows that it is feasible to integrate such methods within the existing 
benefit-risk evaluation process. The two final chapters present an advance on the previous 
chapter by using a multi-criteria approach to capture preferences for treatment outcomes 
among patients and among experts (medical assessors) for ‘real’ decisions, both of which 
have been submitted for peer review. From this we can begin to quantify where the expert 
and the non-expert values on acceptable benefits and risks differ and where they converge. 
New paths for communication between all stakeholders in the field of medical research 
can be forged and the concepts of dialogue and shared decision-making realised within 
the field of pharmaceutical regulation. 
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ABSTRACT 

Background: Experts are perceived to be veridical and to focus only on objective data 
when evaluating risk. Only a few research studies have attempted to characterize the 
subjectivity in risk evaluation among experts. Objective: The hypothesis of this study is 
that expert evaluation of a pharmaceutical drug can be partly explained by dimensions 
that describe the drug and by individual characteristics. Methods: Seventy-five medical 
assessors in 9 EU countries evaluated a list of 28 pharmaceutical drugs using 4 scales: 
risk, benefit, seriousness of harm, and patients’ knowledge of the risk.  They were also 
given a mock ‘‘clinical dossier’’ and asked to rate it on 8 dimensions: risk, benefit, worry, 
magnitude of the exposure, scientific knowledge of the risk, familiarity of the risk, ethical 
concerns, and risk acceptability. Results: Female assessors perceived significantly higher 
benefits than men for a large number of the 28 drugs. Principal component analysis of the 
ratings for the clinical dossiers revealed 2 underlying components: seriousness of harm 
and scientific evidence. A regression model predicting the risk perception of the drug 
showed that the variables seriousness of harm (benefit, worry, magnitude of exposure, 
ethical concerns, and risk acceptability), years of regulatory experience, gender, and type 
of drug explained 54% of the variability among assessors. Conclusions: Assessors’ view of 
the risks associated with pharmaceutical drugs is influenced by worry for patient safety, 
magnitude of patient exposure, and ethical concerns. These dimensions may influence 
their perceptions of benefit and risk acceptability. Senior assessors are more risk averse 
than junior assessors, and female assessors seem to be sensitive to the promise of benefit 
from medicines and consequently may be less risk averse than male assessors. 
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INTRODUCTION 

The risk research literature is replete with evidence that experts, when asked to evaluate 
hazards within their area of expertise, are seen to be veridical and to focus only on the 
formal definition of risk: probability and the magnitude of the harm.1–3 It is believed that 
only when asked to make judgments outside their area of expertise that experts rely on 
their perception of the hazard, which may then be influenced by their values, emotions, 
fears, and social pressures.4 This has been the generally accepted view in risk research for 
the past 3 decades. However, there is an alternate view, not as widely acknowledged, that 
within their area  of expertise,  experts  may  perceive  hazards  through a prism of values 
and emotions and may be influenced by overconfidence and/or may rely on heuristics 
such as availability and affect when making judgments.5–10 A few authors have called for 
a reexamination of the data that laid the foundation for the seemingly oversimplified 
approach to risk perception assigned to experts and have advocated the use of real experts 
in risk research to increase the understanding of risk perception among this group. In his 
research among nuclear experts in Sweden, Sjoberg11–13 provided evidence that expert risk 
perceptions can be predicted by specific characteristics or dimensions that experts associate 
with nuclear energy. The results show that dread, familiarity of the risk, tampering with 
nature, and the involuntary nature of the risk were predictive of expert risk perception.11–14

Our understanding of whether experts rely on their perceptions when making risk 
judgments is further confounded by the methods used within this area of research. For 
example, in a study of the risk perception of biotechnology products, the expert research 
group consisted mainly of PhD students, not experts charged with the responsibility 
to provide risk evaluation of biotechnology products.15 It is questionable whether the 
extrapolation of the views of students to experts actively working in the evaluation 
of the risks associated with biotechnology products aids our knowledge of expert risk 
assessment. Further- more, the technical information that experts generally use in their 
risk assessment was not made available to the PhD students.

The influence of individual characteristics, such as gender, in risk taking has been 
extensively discussed in the literature. In a review of 150 articles on gender differences 
and propensity for risk taking, Byrnes and Miller concluded that the literature ‘clearly’ 
indicated that men take more risks than women16 ; a recent article from Harris and Jenkins 
has further supported this division.17 However, it is uncertain whether the differences 
observed for general risk taking can also be applied to a group of experts. It has also been 
found that people differ in their risk attitude or perception of a hazard depending on their 
professional affiliations.18 The published literature provides ample evidence of individual 
differences in risk perception among laypersons, but there is very little evidence of these 
differences among experts.
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Our study focuses on experts in the European pharmaceutical regulatory network, 
specifically, the medical assessors from the National Competent Authorities (NCAs). 
Each NCA within its respective country is responsible for the control or regulation of 
medicinal products and does this in collaboration with the Committee for Medicinal 
Products for Human Use (CHMP). Assessors’ judgment of the medicines developed 
by the pharmaceutical industry is paramount to the health and longevity of more than 
500 million people; however, outside the pharmaceutical regulatory world, assessors are 
an almost invisible group and little is known about how they make judgments about the 
products they regulate and how they balance benefits and risks.

In 2004, an audit of the process for evaluating medicinal products within the European 
regulatory network found that there was poor understanding of how regulatory decisions 
are made. The auditors recommended that the method used to assess benefits and 
risks of products be improved to prevent accusations of suboptimal or inconsistent 
decision-making. The CHMP, the body charged with the responsibility of assessing 
the benefit-risk balance of medical products, launched a 3-year initiative in 2009, the 
Benefit-Risk Methodology Project. The aim of the project was to improve the consistency, 
transparency, and communication of the benefit-risk assessment in CHMP assessment 
reports by ‘‘develop[ing] and test[ing] tools and processes for balancing multiple benefits 
and risks as aids to informed regulatory decisions about medicinal products.’’19 The 
research for this article was con- ducted within the context of the European Medicines 
Agency Benefit-Risk Methodology project.20

The current article examines whether risk perception is shaped by characteristics that 
assessors may associate with a medicinal product and the role that assessors’ individual 
characteristics may play in the evaluation of these risks. This is accomplished using 
2 approaches: first, through the assessment of very broadly defined hazards (several types 
of medicinal products) for which the assessors were not provided any data; second, by 
the assessment of 3 specific medicinal products for which the assessors were provided 
clinical trial data. The hypothesis is that assessors’ evaluation of the harm associated 
with a medicinal product is in part explained by their perception of the drug, which in 
turn is predicted by dimensions similar to those found by Sjoberg13 as well as individual 
characteristics such as gender, professional background, and years of regulatory 
experience. The study answers the following questions:

Is the risk perception of a medicinal product predicted by the specific characteristics or 
dimensions associated with that product?
Is there a relationship between risk perception of a medicinal product and the demographic 
characteristics of an assessor?
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METHODS

The study was implemented as a Web-based questionnaire and was launched between June 
2010 and October 2010. Members of the CHMP, in 9 participating countries, identified 
assessors within their NCA with expertise in cardiology, oncology, and the central 
nervous system (CNS). They also indicated whether the assessor had primarily clinical, 
safety, or nonclinical expertise; assessors could elect to participate or opt out of the 
study. Data were collected in 3 phases with each phase lasting approximately 6 weeks: 
Phase 1: demographic data, Domain Specific Risk Taking scale (DOSPERT)21 and the 
psychometric scale adapted from Slovic and others22; Phase 2: drug case study using a 
mock ‘‘clinical dossier’’ and 8 rating scales on benefit-risk dimensions; Phase 3: the Big Five 
Jackson Inventory personality test.23 The results for the DOSPERT scale and the Jackson 
Inventory personality test will be presented in a forth- coming publication.24 There was no 
imputation of missing data. Demographic variables of assessors who completed Phase 1 
and did not continue to Phase 2 were evaluated for differences between the groups using 
Fisher’s exact test.

Methods Addressing Research Questions 1 and 2 for 28 Types of Medicinal Products
In the psychometric studies conducted by Slovic and others,22,25,26 laypersons in Sweden, 
Canada, and the United States were given a list of hazards, many of which were medicinal 
products, and asked to rate these items on 5 scales covering perception of risk, the benefit, 
seriousness of harm, knowledge of the risk for those exposed, and warning signs. We 
replicated this method and asked assessors to rate 28 types of medicinal products (Table 1) 
using the 4 scales shown in Table 2 (Annex 1, Questionnaire 1). We included only the first 
4 scales from Slovic and others22 because the final scale (‘‘If you heard about a problem 
associated with this item in which people were seriously harmed, to what degree would this 
mishap serve as a warning sign, indicating that the risk with this item might be greater than 
was thought before the problem occurred?’’) was reported by Slovic as not well understood 
and was not considered to be applicable for our study population.22

Correlation Analysis and ANOVA Models across all 28 Types of Medicinal Products
The ratings on each of the 4 scales were collapsed across all   products and Spearman   
correlation coefficients were computed between the risk scale and each of the other 
3 scales. Analysis of variance (ANOVA) models were also constructed to assess differences 
by gender, professional qualifications, and years of regulatory experience. Statistically 
significant results are reported at the 0.05 level.
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Table 1. List of 28 Types of Medicinal Productsa

Acne medicines Biotechnology products

Aspirin Products for cholesterol 

Blood pressure drugs Diet products

Products for depression Products for Alzheimer’s disease

Products for anxiety Acne medication

Erectile dysfunction (Viagra) Products for epilepsy

Smallpox vaccination Antibiotic products

Sleeping pills Products for osteoporosis 

Products for osteoporosis Nicotine replacement (patches) 

Birth control pills Non-steroidal anti-inflammatory products

Herbal medicines Insulin

Products for AIDS Vitamin pills

Laxatives Vaccines 

Products for arthritis Products for asthma 

Cancer chemotherapy Products for ulcers

aHRT, Botox injections, and allergy products used in the studies by Slovic and others22,25,26 were not included 
in the current study.

Correlation Analysis and Mann Whitney and Kruskal Wallis Tests for Each 
Product, by Scale
Mean ratings for each product type were computed and box plots created for each scale. 
Supplemental tables are available showing the variability of the ratings by product and 
scale. Products are referred to as having a high or low score by using a median split to 
categorize the ratings. To examine the individual differences in the evaluation of the 28 
medicinal products, multiple comparisons were made using Mann Whitney and Kruskal 
Wallis tests where appropriate. Differences in the mean scores for each product, by scale, 
were evaluated by gender, professional qualifications (MD, PhD, pharmacists, other), and 
years of regulatory experience (1–2 years, 2–3 years, 3–5 years, 51 years). As the study is 
hypothesis generating and not hypothesis testing, no adjustments for multiplicity were 
made. Therefore, a conservative approach was taken in reporting the results, and only 
the test statistic and the statistically significant P values (0.01) are presented.

Methods Addressing Research Questions 1 and 2 for the 3 Mock Dossiers
In the second phase of the study, assessors were given a mock clinical dossier and asked 
to complete the questionnaire (Annex 1, Questionnaire 2). For cardiology, the product 
was indicated for treatment of chronic stable angina pectoris; for oncology, the indication 
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was treatment of non-small cell lung cancer; for CNS, the indication was for treatment 
of neuropathic pain. Data for the mock dossiers were adapted from the original product 
dossiers, Day 80 assessment reports, and European Public Assessment Reports.27 The 
result was a shortened version of a real dossier with product-identifying data; such as 
drug name, manufacturer, and dates, removed or substituted. The assessors received the 
dossier consistent with their area of expertise (cardiology, CNS, oncology, clinical, safety, 
or nonclinical) and were asked to review the dossier and to rate the medicinal product 
on 8 dimensions (risk, benefit, worry, magnitude of the exposure, scientific knowledge of 
the risk, familiarity of the risk, ethical concerns, and risk acceptability)15 (Table 3). They 
were constrained not to consult with their colleagues because the aim of the study was 
to collect individual responses.

Testing the Applicability of Applying Principal Component Analysis to Ratings 
Collapsed across the 3 Products in the Mock Dossiers
Before we applied the principal component analysis (PCA) method it was important to 
evaluate whether the assessors’ responses for the dimensions were different by product, 
for example, whether the risks for the oncology product were in actuality more worrisome 
than those for the cardiovascular product. First, the variability of the dimension scores 
was examined for each product in the mock clinical dossiers. A regression model was 
also created for the 7 dimensions (excluding risk) with a categorical variable representing 
the 3 medicinal products as the independent variable. The aim was determine whether 
the medicinal product predicted the responses any of the 7 dimensions. If the F statistic 
was not significant, meaning that the medicinal product did not predict the responses, 
the dimension was retained for the PCA. The risk dimension was not included in this 
analysis because the relationship for the risk scores was later evaluated by constructing 
a regression model with all fixed factors and covariates.

Methods for the Principal Component Analysis
The ratings of the 7 dimensions (excluding risk) for the mock clinical dossier were assessed 
using a PCA model with the aim of discovering any latent factors underlying the structure 
of the data that may cause the observed variables to co-vary. In response to the criticism 
by Sjoberg and by other investigators28,29 that earlier studies inflated the explanatory power 
of the components by averaging the responses across participants, the raw data were used 
in the PCA model to reflect individual differences in perceived risk. There was no forced 
extraction of components, and the scree plot from the component analysis was used to 
guide the component selection. The rotation method reported is varimax.30,31
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Table 2. Scales on Which the 28 Medicinal Products Were Rateda

Risk
To what extent would you say that people who are exposed to this item are at risk of experiencing personal 
harm from it? (1 = They are not at risk; 7 = They are very much at risk) 

Benefit
In general, how beneficial do you consider this item to be? (1 = Not at all beneficial; 7 = Very beneficial) 

Seriousness of Harm
If an accident or unfortunate event involving this item occurred, to what extent are the harmful effects to 
a person likely to be mild or serious? (1 = Very mild harm; 7 = Very serious harm)

Knowledge of the Risk for Those Exposed
To what extent would you say that the risks associated with this item are known precisely to people who 
are exposed to those risks? (1 = Risk level not known; 7 = Risk level known precisely)

aOnly the first 4 scales used in the studies by Slovic and others22,25,26 were included in this study.

Table 3. Dimensions on Which the Mock Clinical Dossier Were Rateda

Risk Dimension
To what extent would you say the patients who are exposed to this product are at risk of experiencing 
harm from it? (1 = They are not at risk; 7 = They are very much at risk) 

Benefit Dimension
In general, how beneficial do you consider this product to be? (1 = Not at all beneficial; 7 = Very beneficial) 

Magnitude Dimension
In your estimation, how many people in the world would be exposed to this product? (1 = Very few 
people; 7 = Many people)

Worry Dimension
How much does the patient exposure to this product worry you? (1 = Not at all worrisome; 7 = Very worrisome) 

Scientific Knowledge Dimension
How precise is the scientific knowledge of the hazards associated with this product? (1 = Low knowledge; 
7 = Very high knowledge)

New Risk Dimension
Are the hazards associated with this product new, or old and familiar? (1 = Very well known; 7 = Very new)

Ethics Dimension
To what extent does this product pose an ethical dilemma? (1 = No ethical dilemma; 7 = Very important 
ethical dilemma)

Risk Acceptability Dimension
To what extent do you think the hazards associated with this product are acceptable to obtain the 
benefits? (1 = Not at all acceptable; 7 = Definitely acceptable)

aAdapted from Savadori and others.15  Reprinted with permission from John Wiley and Sons.
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Regression Models Evaluating the Risk Dimension Scores Using the PCA 
Components and Individual Characteristics
The PCA analysis allows us to reduce the data and describe the relationship between 
variables, but it is also of interest to assess the predictive power of the components on the 
risk dimension. The extracted components were included as the independent variables 
in a regression model with the risk dimension as the dependent variable. The normality 
assumption for the error term was checked by histograms and P-P plots of the residuals. 
In addition, a general linear model (GLM) was used to evaluate the relationship between 
the risk dimension scores (how risky the assessors perceived the medicinal product) and 
the statistically significant component obtained from the PCA, along with 3 categorical 
variables for gender, regulatory experience, and the medicinal products. Profile plots of 
the estimated marginal means were generated to examine the results of the GLM. All 
statistical analyses were conducted using SPSS 18.

RESULTS

Demographics
Of the 80 assessors enrolled in the study, 94% responded for Phase 1; 5 assessors were 
identified by their agency but did not participate. For Phases 2 and 3 the response rate was 
78%; 16 assessors did not continue after Phase 1. There was no difference found for age, 
gender, role in the agency, regulatory experience, or therapeutic area expertise between 
the dropouts from Phase 1 and those who continued to Phase 2 and 3.

As shown in Table 4, the group was equally balanced by gender; 31% were between 39 
and 20 years old. The majority of the assessors were medically qualified, MD (38%), with 
the balance of assessors having attained higher education, PhD (25%), and pharmacy 
(10%) degrees. Internal assessors, those who work directly for the NCA, comprised the 
majority of the group (76%), whereas 16% were external assessors who are affiliated with 
universities and/or hospitals but collaborate and provide their expertise when requested 
by the NCA; 6 CHMP members also participated in the study. Assessors with more than 
5 years of experience comprised the majority of the group (45%).
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Products (Collapsed across All Products)
The strength and the direction of the relationship between risk perception and the other 
scales, collapsed across all 28 products, revealed low but positive correlation between 
perception of risk and perception of benefit (0.235; P = 0.043); a positive correlation 
between perception of risk and perception of the seriousness of harm (0.344; P = 0.002); 
and no statistically significant relationship between perception of risk and perception of 
the knowledge of harm to those exposed (0.073; P = 0.531).

Results of ANOVA models examining the differences by gender, years of regulatory 
experience, and professional qualifications for each of the 4 scales show a statistically 
significant difference between gender for the benefit scale (F = 7.576; P = 0.007) as well as 
a difference in the mean scores for the knowledge of the exposed scale when examined 
by years of regulatory experience (F = 2.715; P = 0.037). All other coefficients were non-
significant.

Table 4. Demographic Characteristics of the Study Population

Variable Characteristic Frequency Percentage

Gender Male 38 51%

Female 37 49%

Age Between 20 and 39 23 31%

Between 40 and 49 30 40%

Between 50 and 59 18 24%

Over 60 3 4%

Professional qualifications MD 27 36%

MD/PhD 11 15%

PhD 19 25%

PhD/Pharm 3 4%

Pharmacist 10 13%

Other 5 6%

Role in NCA CHMP member 6 8%

Internal assessor 57 76%

External assessor 12 16%

Years of regulatory experience 0–1 year 6 8%

1–2 years 6 8%

2–3 years 12 16%

3–5 years 17 23%

> 5 years 34 45%
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Results for Research Question 1 by Scale and for Each Product
Box plots displaying the range of the data by product and scale are shown in Figures 1–4. 
The products are ranked from lowest to highest mean score. Vita- min pills had the 
lowest rating on both the risk and seriousness of harm scales, whereas oncology drugs 
had the highest rating on these scales. Further examination of the relationship between 
the scales, by product, showed that the benefit-risk correlation observed when the ratings 
were collapsed is attributable to 7 products. Inverse correlations (high benefit- low risk) 
were seen for AIDS products (–0.256; P = 0.028), birth control pills (–0.270; P = 0.019), 
insulin (–0.234; P = 0.044), ulcer products (–0.236; P = 0.041), and vaccines (–0.303; 
P = 0.001), and positive correlations (high benefit-high risks) were seen for Alzheimer’s 
disease (0.266; P = 0.022) and biotechnology products (0.265; P = 0.022). The seriousness of 
harm ratings were very closely correlated to the risk perception of a product. Twenty-five 
of the 28 products achieved statistical significance and were positively correlated on these 
2 scales. Weak correlations were found for the following products: AIDS; biotechnology; 
oncology; laxatives; non-steroidal anti-inflammatory products; sleeping pills; vitamins; 
smallpox vaccination; anxiety; diet; birth control pills; depression; cholesterol products; 
insulin; arthritis products; asthma products; epilepsy; and vaccines. Moderate correlations 
were found for products for Alzheimer’s disease; aspirin; herbal medicines; ulcer products; 
erectile dysfunction; nicotine replacement; and osteoporosis products. The analysis of the 
perception of risk and knowledge of the risk for the exposed showed only 3 products for 
which a pattern was detected. Assessors gave high scores for risk perception of oncology 
products and low scores for patients’ knowledge of the associated harms (–0.245; P = 0.034). 
For arthritis (0.275; P = 0.018) and erectile dysfunction products (0.313; P = 0.007), the 
results seem to indicate that assessors perceive these products to be risky and that patients 
have a high knowledge of the associated risks.
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Figure 1 Box plots of the mean scores for 28 types of medicinal products 

ranked from lowest to highest score: ‘‘To what extent would you say that 

people who are exposed to this item are at risk of experiencing personal harm 

from it?’’ (1 = They are not at risk; 7 = They are very much at risk). 
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Figure 1. Box plots of the mean scores for 28 types of medicinal products ranked from lowest 
to highest score: ‘‘To what extent would you say that people who are exposed to this item are at 
risk of experiencing personal harm from it?’’ (1 = They are not at risk; 7 = They are very much 
at risk).
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Figure 2 Box plots of the mean scores for 28 types of medicinal products 

ranked from lowest to highest score: ‘‘In general, how beneficial do you 

consider this item to be?’’ (1 = Not at all beneficial; 7 = Very beneficial).
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Figure 2. Box plots of the mean scores for 28 types of medicinal products ranked from lowest 
to highest score: ‘‘In general, how beneficial do you consider this item to be?’’ (1 = Not at all 
beneficial; 7 = Very beneficial).
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Figure 3 Box plots of the mean scores of 28 types of medicinal products 

ranked from lowest to highest score: ‘‘If an accident or unfortunate event 

involving this item occurred, to what extent are the harmful effects to a 

person likely to be mild or serious?’’ (1 = Very mild harm; 7 = Very serious 

harm).
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Figure 3. Box plots of the mean scores of 28 types of medicinal products ranked from lowest 
to highest score: ‘‘If an accident or unfortunate event involving this item occurred, to what 
extent are the harmful effects to a person likely to be mild or serious?’’ (1 = Very mild harm; 
7 = Very serious harm).
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Figure 4 Box plots of the mean scores for 28 types of medicinal products ranked 

from lowest to highest scores: ‘To what extent would you say that the risks 

associated with this item are known precisely to people who are exposed to those 

risks?’’ (1 = Risk level not known; 7 = Risk level known precisely).
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Figure 4. Box plots of the mean scores for 28 types of medicinal products ranked from lowest 
to highest scores: ‘To what extent would you say that the risks associated with this item are 
known precisely to people who are exposed to those risks?’’ (1 = Risk level not known; 7 = Risk 
level known precisely).



44

2.1

RISK PERCEPTION OF PRESCRIPTION DRUGS

Results for Research Question 2 for Each Product, by Scale
An examination of the differences in mean risk perception scores by gender revealed 
that female assessors saw higher risks for diet products (452.5; P = 0.006) than did 
their male counterparts. For other products there was no significant difference between 
genders. On the benefit scale, female assessors saw greater benefit than male assessors for 
a number of products: Alzheimer’s disease (387.5; P = 0.001), arthritis (399.5; P = 0.001), 
biotechnology (466; P =0.009), oncology (404; P = 0.001), and epilepsy (472.5; P = 0.001). 
No statistically significant differences by gender were found for the ‘seriousness of harm’ 
and the ’knowledge of the risk for the exposed’ scales.

The comparison of the perception of medicinal products by professional qualifications 
(MD, PhD, pharmacists, and other [statisticians, master’s degree]) revealed few differences. 
For the risk scale, assessors in the ‘other’ category indicated a higher perception of risk 
for cholesterol products (14.298; P = 0.003) compared with the other groups.  The MDs 
reported higher scores on the knowledge of the risk scale for acne (13.065; P = 0.004), 
whereas the ‘other’ group reported higher scores on the knowledge of the risk scale for 
epilepsy products (11.338; P = 0.010).

There were few statistically significant differences observed for the risk perception of the 
medicinal products by the number of years of regulatory experience (1-2, 2-3, 3-4, 5+ 
years). Assessors in the 2- to 3- year group reported higher risk scores for blood pressure 
products (13.393; P = 0.010). No statistical differences between the categories were found 
for the benefits or the seriousness of harm scale. On the scale measuring the assessors’ 
perception of patients’ knowledge of the associated risks, the 3- to 5-year group reported 
higher scores for asthma products (14.621; P = 0.004), whereas the 2- to 3-year group 
reported higher scores for ulcer products (13.382; P = 0.01).

Results for Research Question 1 for the 3 Mock Dossiers
Prior to collapsing the data across the 3 medicinal products for the PCA analysis, we 
examined the mean rating of each product for the 7 dimensions and saw no great 
disparities in mean scores (Table 5). As a further evaluation of the potential influence of 
the specific products on the ratings of the dimensions, 7 regression models as described 
in the methods section were constructed. The results showed that the products in the 
mock dossiers (treatment for chronic stable angina pectoris, non-small cell lung cancer, 
and neuropathic pain) did not predict the scores on the dimensions. The distributions 
of the dimensions were found to have normal distributions; therefore, the PCA analysis 
was performed using the entire sample (i.e., no separation by product).
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The PCA analysis revealed 2 components accounting for 59% of the total variance between 
assessors. After rotation, the first component loaded on the following dimensions: benefit, 
magnitude of the exposure, worry about the harm to those exposed, ethics, and risk 
acceptability. The second component loaded on the scientific knowledge of the risk 
and unfamiliarity of the risk. The components were labeled ‘‘seriousness of harm’’ and 
‘‘scientific evidence,’’ and the plot of these components is shown in Figure 5; each end 
of the vertical and horizontal axis shows how the dimensions are both correlated with 
and in opposition to the other dimensions. The robustness of the results was evaluated 
by using residuals from the previously described 7 regression models (excluding risk) in 
a PCA. The results for this second PCA model were very similar to the previous results, 
with 2 factors emerging accounting for 60% of the total variance among the assessors.

Table 5. Descriptive Statistics for the Rating of the Clinical Dossiers on Eight Dimensions, Mean 
(Standard Deviation)

Clinical Dossier

Cardiology Central Nervous System Oncology

Risk dimension 3.53 (1.18) 3.62 (1.20) 4.35 (1.11)

Benefit 4.12 (1.58) 3.14 (1.46) 3.76 (0.89)

Magnitude 3.76 (1.56) 4.10 (1.45) 3.57 (1.47)

Worry 4.00 (1.54) 3.86 (1.49) 4.29 (1.31)

Scientific knowledge 3.88 (1.73) 3.43 (1.63) 3.76 (1.37)

New risk 4.18 (1.74) 3.76 (1.48) 3.57 (1.08)

Ethical 2.59 (1.37) 3.10 (1.48) 3.76 (1.58)

Risk acceptability 4.59 (1.50) 3.67 (1.65) 4.33 (1.56)

Results for Research Question 2 for the 3 Mock Dossiers
A multiple regression model with perceived risk for the medicinal products as the 
dependent variable and the 2 extracted components as the independent variables explained 
29% (adjusted R2) of the variance between the assessors, with the ‘‘seriousness of harm’’ 
component predicting the risk dimension scores (b = 0.67; P \ 0.001; 95% confidence 
interval [CI], 0.395–0.944). No statistically significant relationship was found between 
the risk dimension scores and the scientific evidence component (b = 20.009; P = 0.95; 
95% CI, 2283 to 0.266). In order to test our hypothesis of the influence of the assessors’ 
individual characteristics on risk perception, the regression model predicting the risk 
dimension scores was expanded to include gender, years of regulatory experience, and the 
medicinal products. Fifty-four percent (adjusted R2) of the variability is now explained in 
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the new model. Controlling for ‘‘seriousness of harm’’ (worry for the safety, magnitude, 
ethics, benefit, risk acceptability) (F = 30.443; P = \.001), we found that senior assessors 
reported statistically different scores than junior assessors (F= 2.925; P = 0.036). This 
is shown in the profile plot of the estimated marginal means from the GLM (Figure 6). 
When the data are collapsed across all medicinal products, the plot shows that junior 
assessors, of both genders, reported lower risk scores than did senior assessors. The 
model also included a 2-way interaction term for gender by medicinal product (F= 3.956; 
P = 0.029), which can be seen in the profile plot from the GLM (Figure 7). Male assessors 
reported a statistically significantly greater  risk  than  did female assessors but only 
for the cardiology product. Gender by years of regulatory experience approached but 
did not achieve statistical significance (F= 2.542; P = 0.058), and the 2-way interaction 
term medicinal product by years of regulatory experience (F = 1.236; P = 0.310) and one 
3-way term, gender by product by regulatory experience (F= 1.562; P = 0.217), were not 
statistically significant.

Figure 5. A plot of the risk/benefit dimensions in rotated space 

 
Figure 5. A plot of the two components from the PCA analysis.
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Figure 6 Estimated marginal means of risk dimension score by gender and years 

of regulatory experience. 

Figure 7 Estimated marginal means of risk dimension score by gender and 

medicinal product.
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Figure 7 Estimated marginal means of risk dimension score by gender and 
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Figure 6. Estimated marginal means of risk dimension score by gender and years of regulatory 
experience.

Figure 7. Estimated marginal means of risk dimension score by gender and medicinal product.
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DISCUSSION

To our knowledge this is the first study of risk perception conducted with expert assessors 
in the pharmaceutical regulatory network in Europe. The results support the hypothesis 
that the evaluation of a medicinal product is in part explained by assessors’ value system, 
that is, the perception of the product and by their individual characteristics.

Research Question 1
In their role as regulators of medicinal products, assessors are required to judge the 
merits of the products based on the clinical trial data, that is, the probability of the 
benefit as well as the probability of the harms. From the results of this current study it 
appears that the assessment of the products may be explained by other dimensions in 
addition to the above-mentioned probabilities. In very broad terms, assessors’ perception 
assessors’ perception of the riskiness of a medicinal product is highly influenced by the 
potential for serious harm to the patient. This is seen in the correlation between the risk 
and seriousness of harm dimensions for the 28 medicinal products. However, from the 
plot of the PCA components (seriousness of harm and scientific evidence) (Figure 5), 
we see that assessors’ perception of the seriousness of harm of a product may be further 
explained by concepts of worry, the magnitude of the harm, and ethical concerns raised 
by some aspect of the study, possibly the design or conduct of the clinical trials.

It would appear that assessors in their review of a dossier for a medicinal product may use, 
to some extent, the formal definition of risk, that is, the probability and the magnitude 
of the harm, to judge the riskiness of a product. Data for the probability of the harm is 
provided by the manufacturer in the product dossier in which the observed clinical and 
nonclinical adverse events are discussed. What is often insufficiently discussed is the 
uncertainty around the statistical point estimates, so assessors are often left to determine 
for themselves the degree of uncertainty associated with the data they review. 

We see that the magnitude dimension is also very relevant to the assessment because 
the potential for harm once the drug is on the market forms part of the uncertainty in 
the assessment of clinical trial data. How many patients will be exposed to the product, 
and how will the harms observed in the clinical trial be reflected in the wider patient 
population? These are important considerations for regulators. However, the additional 
information provided by this study is that the magnitude of the harm is also positively 
correlated with ‘worry’ which may be interpreted in this context as an emotional reaction 
generated by the concerns regarding patient safety.

From these results it would seem that the magnitude of the harm is not purely data 
driven - that is, the number of morbidity and/or mortality events observed in the clinical 
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trial - but rather is open to interpretation, and some assessors may infer greater or lesser 
impact or consequences for the potential harm of a medicinal product than do other 
assessors who view the same data.

A further correlation between the worry and magnitude dimensions with the ethical 
dimension was also seen. Although assessors were not asked to specify what ethical 
concerns they had when reviewing the dossiers, the literature on ethics and clinical 
trials provides ample evidence of the types of ethical issues with which assessors may 
struggle.32–34 Ethical concerns may arise during the evaluation of clinical trial results: 
questions surrounding the issue of equipoise; the decision to treat patients in a clinical 
trial with placebo when adequate standard care is available; the conduct of clinical 
trials in populations other than where the product will be marketed; and the ethics of 
conducting poorly designed clinical trials that expose patients to potential risks but are 
not statistically powered to answer the research question.

That this dimension is seen to be correlated with the worry and magnitude dimension 
lends further support to our view that the assessment of clinical trial data may invoke the 
value system of individual assessors. The dimensions seen on the right horizontal axis in 
Figure 5 may act as cues for determining what represents a risk, but curiously this may 
also affect the perception of the benefit. The inverse relationship seen in the results from 
the PCA analysis shows that when the potential harms associated with a product cause 
the assessors great concern, which may be due to potential or observed morbidity or to 
mortality from the treatment; when the exposure may affect a large number of people 
and/or the product raises ethical concerns, then assessors may consider the product to 
have low benefit and low risk acceptability. This inverse relationship between benefits and 
risks is consistent with work by Alhakami and Slovic,8 in which the concepts of benefits 
and risks appear to be confounded in people’s minds and lead to an erroneous belief that 
activities or technologies judged high in risks are consequently low in benefit and vice 
versa. However, research in the field of finance shows a positive relationship between the 
return and the risk involved in an investment and contradicts the view that benefits and 
risk are innately inverse. 9,35 In the field of medicine we see possibilities where increased 
survival or other positive benefits from a treatment  may  also  involve a high probability 
of adverse events. Clearly, benefit and risks should be assessed separately; however, our 
results show for the 3 products we measured, that an inverse relationship might exist in 
the minds of the assessors.

Scientific evidence, is formed by two dimensions: the precision of the scientific knowledge 
and the familiarity of the risk posed by the products. If we refer again to the formal 
definition of risk, that is, the probability of harm and magnitude, one would expect to see 
a correlation between the dimensions forming the ‘‘scientific evidence’’ component and 
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the magnitude dimension; however, for the assessors these dimensions clearly represent 
different concepts and as a result form separate components. The lack of predictability 
of the ‘‘scientific evidence’’ component for the risk dimension is an unexpected finding 
given that it is reason- able to think that experts’ risk perception could be predicted by 
the precision of the science or the lack thereof or by the familiarity or unfamiliarity of 
the risk. It may be that our result is due only to chance and is not a true picture of the 
relationship between scientific knowledge and risk perception, and it would be necessary 
to replicate the study to see whether this is a consistent result. One conclusion that may 
be drawn from the analysis of the rating for both the list of 28 types of products and the 
mock dossiers is that the psychometric paradigm, with its focus on dimensions such as 
worry, magnitude of the harm, scientific knowledge, or familiarity with the risk, provides 
only a partial explanation of the differences between assessors of medicinal products and 
that other variables may be working in conjunction with the psychometric paradigm.

Research Question 2
The influence of individual characteristics and the role that they play in risk perception 
of medicinal products were also examined for the list of the 28 types of products and for 
the 3 dossiers. Gender difference was of particular interest, as it has been reported that 
gender influences how risks are perceived and that women generally see higher risks than 
do men.16,17 In this study only a few of the 28 products received higher risk scores from the 
female assessors; however, female assessors perceived significantly higher benefits than did 
men for several products in the list. One possible explanation for this may be related to 
the finding by Harris and Jenkins that in the positive domain—a term defined by Harris 
as ‘‘behavioral choices offering a chance of substantial gain and imposing a relatively 
small but certain cost’’ - women were willing to take higher risks than were men.17 The 
influence of experience and professional qualifications was not as readily detectable as 
the gender difference for the ratings of the 28 products because very few differences were 
found for any of the 4 scales.

That gender as well as regulatory experience may play a role in the risk perception of 
medicines is further supported by the results of the regression analysis of the rating for 
the mock dossiers. When the main effects of the ‘‘seriousness of harm’’ component, the 
3 medicinal products and individual characteristics of gender and years of regulatory 
experience were included in the extended regression model, this model explained 54% 
of the variability between assessors. The statistically significant interaction term in the 
model adds to the complexity of the relationship between risk perceptions and individual 
and situational characteristics, but the following picture seems to emerge. Assessors with 
5 years or more experience may be more risk averse than are junior assessors; that is, 
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length of time within an institution mandated to protect the public health may lead senior 
assessors to be more conservative than junior assessors who are beginning their careers. 
Female assessors reported lower risk scores than did male assessors for all products, but 
this difference was statistically significant only for the cardiology product; therefore, it 
is not possible to state that female assessors are unequivocally less risk averse or more 
risk seeking than male assessors. Surprisingly, cardiology products were not on the list 
of 28 products for which female assessors saw greater benefit than did male assessors; 
therefore, it cannot be said that the results are due to a particularly benevolent view that 
female assessors have of all cardiology products. However, there may be aspects specific 
to the product in the dossier that influenced female assessors’ views of the risk or their 
view of the benefits. Our results with regard to gender and years of experiences seem to 
be in contrast with the findings of Barke and Jenkins-Smith,36 who found in a study of 
perceived risks for nuclear waste that female experts and younger scientists were more risk 
averse than their peers. A unique dynamic may exist within pharmaceutical regulation 
whereby female and junior assessors are more sensitive to the promise of benefit from 
medicinal products and therefore see less risk. Over time, this sensitivity may decrease.

The following limitations and directions for future research are noted. Although the 
authors believe that the results generate interesting hypotheses regarding risk perception 
among medical assessors, the size of the study population limits generalization to all 
assessors working within the EU pharmaceutical regulatory network. The questionnaire 
covering all 3 phases required a large investment of time from the assessors, and a 
choice was made to limit the number of dimensions for the mock dossier to what were 
considered core dimensions. The consequence is a reduced number of components and 
a lack of granularity of the dimensions. Assessors only reviewed the dossier matching 
their area of expertise, and although this is consistent with the internal organization of 
many NCAs (i.e., clinical experts focus on the clinical data), our study created an artificial 
environment in that discussion between clinical, safety, and nonclinical assessors, a vital 
part of the review process, did not occur. Future research in this area should include a 
larger number of assessors and an expanded list of dimensions that may reveal other 
important components, pro- vide greater granularity of the dimensions, and explain a 
larger proportion of the variability between assessors. In addition, it would be better to 
focus on one therapeutic area, perhaps with several specific products, and include assessors 
who have the expertise to contribute to all aspects of the evaluation. Gender differences 
in risk assessment among evaluators of risk require further research as differences in risk 
perception were noted for only one medicinal product. This is nonetheless an important 
finding and requires further exploration as there is a paucity of data on the decomposition 
of the risk perception among adults when they are involved in making risk assessments
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CONCLUSIONS

Regulatory evaluation of medicinal products involves determining the balance between 
the benefits promised by the product and the attending potential harms. This process 
requires reviewing the objective data and determining the probability and the magnitude 
of the harm, but in doing so assessors’ belief systems and values are also engaged. The 
variability among the assessors, that is, differences in how worried they are regarding the 
safety of the product or differences in the emphasis placed on ethical issues, may influence 
how they judge the risk of a product. We do not conclude from these results that assessors 
rely solely on this individual judgment in preparing their assessment reports. Over the 
course of the 210 days of a product review, an assessor’s perception is very likely mediated 
by gathering additional data from the product manufacturer and through discussions 
with colleagues who may have similar or divergent perceptions of the product, and it is 
through this discourse that a final assessment is made.

Nonetheless, the study results indicate evidence of assessor variability, that is, the 
influence of individual characteristics such as gender and years of regulatory experience 
on perceived risk and the use of what we believe may be a heuristic—risk is the opposite 
of benefit. It is conceivable that the introduction of individual perceptions of the potential 
risks and benefits for a medicinal product assessment could have several undesirable 
consequences; it could potentially lengthen the drug assessment time as regulators with 
divergent views try to reach a majority opinion, and it may also lead to inconsistencies in 
product assessments over time, even within a drug class, as the final opinion may be the 
result of the risk perception prevailing at the time of the assessment. We believe that the 
results lend support to the view that assessors of medicinal products may benefit from 
the use of decision-making tools to increase both internal and external transparency of 
their risk assessment. As presented in the recent paper by Phillips and others,37 modeling 
of the benefit-risk assessment for medicines is possible, but greater efforts and more 
research may be needed to design the tools appropriate to the needs of the assessors and 
to integrate them into the current process of benefit-risk evaluation.
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ANNEX 1_QUESTIONNAIRE 1

EMA_Risk Perception_Personal Demographic      

1. EMPLOYMENT

Thank you for agreeing to participate in the Risk Perception module of the EMA Benefit 
Risk Methodology Project. All the answers you provide will be anonymized and kept 
confidential. The questions in the following questionnaire are not related to specific drug 
products. There is no correct or incorrect answer. We are interested in general responses 
regarding risk attitudes. It will take approximately 10-20 minutes to complete this section. 
By clicking ‘Next’ you are agreeing to participate in the study.

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
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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

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  
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2. DEMOGRAPHICS

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

10. Do you have a family, i.e. children?

 � Yes 
 � No

Thank you

Thank you for participating in this survey. Your responses are very important and will 
be kept confidential. Please click ‘YES’ to lock questionnaire or ‘NO’ to return and edit 
you responses.
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Survey: EMA_Risk Perception_Classic Psychometric      

1. RISK PERCEPTION

In the following pages several medicinal products are shown. Please consider each carefully 
and provide a response, using a rating scale of 1 to 7, on the riskiness of the products.

1. To what extent would you say that people who are exposed to this item are at risk 
of experiencing personal harm from it? 

Drugs for ulcers Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for AIDS Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Acne medication Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Insulin Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for erectile 
dysfunction

Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for arthritis Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Diet drugs Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Nicotine replacement 
(patches)

Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Herbal medicines Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for asthma Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Vaccines Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Sleeping pills Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Oncology products Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Birth control pills Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for cholesterol Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for Depression Not at all risky


R2


R3


R4


R5


R6


Extremely risky
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Laxatives Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Blood pressure drugs Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for osteoporosis Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Vitamin pills Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Aspirin Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Smallpox vaccination Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for anxiety Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Biotechnology drugs Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for Alzheimer’s 
disease

Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Non-steroidal anti-
inflammatory drugs

Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Antibiotic drugs Not at all risky


R2


R3


R4


R5


R6


Extremely risky


Drugs for epilepsy Not at all risky


R2


R3


R4


R5


R6


Extremely risky
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2. BENEFIT PERCEPTION

In the following pages several medicinal products are shown. Please consider each carefully 
and provide a response, using a rating scale of 1 to 7, on the benefits of the products.

1. In general, how beneficial do you consider this item to be?

Drugs for erectile 
dysfunction

Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Laxatives Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Oncology drugs Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Non-steroidal anti-
inflammatory drugs

Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Insulin Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for ulcers Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Acne medication Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for asthma Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Birth control pills Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Vitamin pills Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Nicotine replacement 
(patches)

Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Antibiotic drugs Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for anxiety Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for Alzheimer’s 
disease

Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for arthritis Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Smallpox vaccination Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for Depression Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for cholesterol Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial
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Herbal medicines Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Biotechnology drugs Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Blood pressure drugs Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Vaccines Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Diet drugs Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Sleeping pills Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for AIDS Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Aspirin Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for osteoporosis Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial


Drugs for epilepsy Not at all beneficial


B2


B3


B4


B5


B6


Extremely Beneficial
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3. SERIOUSNESS OF HARM

In the following pages several medicinal products are shown. Please consider each carefully 
and provide a response, using a rating scale of 1 to 7, on the level of harm from use of 
the following.

3. If an accident or unfortunate event involving this item occurred, to what extent are 
harmful effects to patient likely to be mild or serious?

Blood pressure drugs No harm at all


H2


H3


H4


H5


H6


Severe harm


Nicotine replacement 
(patches)

No harm at all


H2


H3


H4


H5


H6


Severe harm


Antibiotic drugs No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for cholesterol No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for ulcers No harm at all


H2


H3


H4


H5


H6


Severe harm


Insulin No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for asthma No harm at all


H2


H3


H4


H5


H6


Severe harm


Herbal medicines No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for erectile 
dysfunction

No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for AIDS No harm at all


H2


H3


H4


H5


H6


Severe harm


Vaccines No harm at all


H2


H3


H4


H5


H6


Severe harm


Nonsteroidal anti-
inflammatory drugs

No harm at all


H2


H3


H4


H5


H6


Severe harm


Biotechnology drugs No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for arthritis No harm at all


H2


H3


H4


H5


H6


Severe harm


Smallpox vaccination No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for anxiety No harm at all


H2


H3


H4


H5


H6


Severe harm


Diet drugs No harm at all


H2


H3


H4


H5


H6


Severe harm
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Drugs for epilepsy No harm at all


H2


H3


H4


H5


H6


Severe harm


Sleeping pills No harm at all


H2


H3


H4


H5


H6


Severe harm


Aspirin No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for Depression No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for osteoporosis No harm at all


H2


H3


H4


H5


H6


Severe harm


Drugs for Alzheimer’s 
disease

No harm at all


H2


H3


H4


H5


H6


Severe harm


Acne medicines No harm at all


H2


H3


H4


H5


H6


Severe harm


Birth control pills No harm at all


H2


H3


H4


H5


H6


Severe harm


Oncology drugs No harm at all


H2


H3


H4


H5


H6


Severe harm


Laxatives No harm at all


H2


H3


H4


H5


H6


Severe harm


Vitamin pills No harm at all


H2


H3


H4


H5


H6


Severe harm
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4. KNOWLEDGE OF THOSE EXPOSED

In the following pages several medicinal products are shown. Please consider each carefully 
and provide a response, using a rating scale of 1 to 7, on the knowledge of the risk for 
those exposed.

4. To what extent would you sat that the risks associated with this item are known 
precisely to the people who are exposed to those risks?

Smallpox vaccination Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for osteoporosis Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for Depression Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Nonsteroidal anti-
inflammatory drugs

Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Sleeping pills Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Herbal medicines Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Blood pressure drugs Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for arthritis Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Antibiotic drugs Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Diet drugs Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Biotechnology drugs Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Birth control pills Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Insulin Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Vaccines Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Vitamin pills Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for asthma Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for erectile 
dysfunction

Risk unknown


K2


K3


K4


K5


K6


Risk known precisely
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Drugs for cholesterol Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for anxiety Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Nicotine replacement 
(patches)

Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Acne medicines Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Oncology drugs Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Laxatives Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for ulcers Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for epilepsy Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for AIDS Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Drugs for Alzheimer’s 
disease

Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Aspirin Risk unknown


K2


K3


K4


K5


K6


Risk known precisely


Thank you

Thank you for participating in this survey. Your responses are very important and will 
be kept confidential. Please click ‘YES’ to lock the questionnaire or ‘NO’ to return and 
edit your responses.
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ANNEX 1_QUESTIONNAIRE 2

1. INTRODUCTION

In this phase of the survey you will base your responses on the pdf file sent to you via 
email. The information in the attached file is drawn from real life and the aim is to recreate 
a drug assessment procedure. 

2. DRUG SCENARIO

Please complete the questions below after reviewing the pdf file sent to you via email.

***** PDF File for Oncology Case Study*****

***** PDF File for Cardiovascular Case Study*****

***** PDF File for CNS Case Study*****

3. RISK DIMENSION

1. To what extent would you say the patients who are exposed to this product are at risk 
of experiencing farm from it?

They are not at risk R2 R3 R4 R5 R6 They are much at risk

Risk       

4. BENEFIT DIMENSION

2. In general, how beneficial do you consider this product to be?

Not at all beneficial B2 B3 B4 B5 B6 Very beneficial

Benefit       
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5. MAGNITUDE OF THE EXPOSURE

3. In your estimation, how many people in the world would be exposed to this product?

Very few people M2 M3 M4 M5 M6 Many people

Magnitude of the 
exposure to the hazard

      

6. DREAD DIMENSION

4. How much des the patient exposure to this product worry you?

Not at all worrisome W2 W3 W4 W5 W6 Very worrisome

Dread       

7. LEVEL OF KNOWLEDGE

5. How precise the scientific knowledge of the hazards associated with this product?

Low knowledge K2 K3 K4 K5 K6 Very high knowledge

Scientific 
Knowledge

      

8. NEW RISK DIMENSION

6. Are the hazards associated with this product new, or old and familiar?

Very well known K2 K3 K4 K5 K6 Very new

New risk       
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9. ETHICAL DIMENSION

7. To what extent does this product pose an ethical dilemma?

No ethical 
dilemma E2 E3 E4 E5 E6

Very important 
ethical dilemma

Ethical dilemma       

10. RISK ACCEPTABILITY DIMENSION

8. To what extent do you think the hazards associated with this product are acceptable 
to obtain the benefits?

Not at all acceptable A2 A3 A4 A5 A6 Definitely acceptable

Risk Acceptability       

Thank you 

Thank you for participating in this survey. Your responses are very important and will 
be kept confidential. Please click ‘YES’ to lock the questionnaire or ‘NO’ to return and 
edit your responses.
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ABSTRACT

Background: Risk attitudes and personality traits are known predictors of decision 
making among laypersons but very little is known of their influence among experts 
participating in organizational decision making. Methods: Seventy-five European medical 
assessors were assessed in a field study using the Domain Specific Risk Taking scale 
(DOSPERT) and the Big Five Inventory scale (BFI). Assessors rated the risks and benefits 
for a mock ‘clinical dossier’ specific to their area of expertise and ordinal regression 
models were used to assess the odds of risk attitude or personality traits predicting 
either the benefit or the risk ratings. Results: An increase in the BFI conscientiousness 
score predicted an increase in the perception of the drug’s benefit while extraverted 
assessors saw fewer risks. Gender is also a predictive factor as male assessors gave higher 
scores for the drug’s benefit ratings than female assessors while risk averse assessors, 
as defined by the DOSPERT scale (perceived neutral-averse or averse risk profile) saw 
greater risks. Individual traits, such as personality, risk attitudes and gender influence risk 
perceptions and consequently may impact decision making even among expert groups 
within regulatory organisations but this subjective component of the decision process is 
rarely acknowledged. Conclusions: Medical assessors perceive the benefits and risks of 
medicines via a complex interplay of the medical situation, their personality traits and 
even their gender. Further research in this area is needed to determine how these potential 
biases are managed within the regulatory setting.
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INTRODUCTION

Regulation of medicinal products in Europe is conducted within a complex organizational 
structure encompassing over 40 National Competent Authorities (NCA) and relying on the 
expertise of 4,500 experts or medical assessors throughout the EU (1).  A substantial part of 
the assessment is under the responsibility of the medical assessors who work individually, 
or within groups, in the NCAs to evaluate the benefits and the risks of medicinal drugs.  
In the field of risk research, there are several well established findings that may be relevant 
to decision making for the regulation of medicines: (1) that  benefit perception is the 
inverse of risk perception; (2) that the personality taxonomy from the Big Five Inventory 
may intersect with risk attitudes and explain differences in risk taking; and (3) that risk 
attitudes (risk seeking, risk neutral, risk averse) are  important descriptors for the shape of a 
decision maker’s utility function underlying his/her choices (4-6). A full discussion of each 
of the above mentioned findings are beyond the scope of this manuscript; however a brief 
summary of the literature and references to more detailed publications is provided below.  

An inverse relationship between benefit and risk perception implies the use of a heuristic, 
a subconscious rule of thumb that simplifies decision making by considering only a subset 
of  the available  information when arriving at a decision (2, 7). The work of Gigerenzer 
and Brighton (2009) and others support the view of heuristics as an efficient means for 
managing uncertainty as it minimizes the need for complex computations when assessing 
situations and in many cases allows one to arrive at a similar level of accuracy as logic-
laden decisions (8-10).  There may however be instances where the application of a rule of 
thumb such as benefit- high/ risk-low may be inappropriate given that medicines can have 
both increased benefits and increased risks. Evidence of the use of such a heuristic among 
assessors could indicate the introduction of biases in the decision making for medicinal 
drugs. It is therefore of interest to determine whether a benefit/risk heuristic, such as found 
among laypersons, is also used by assessors of medicinal drugs. Personality traits are known 
indicators of risk taking in that persons with higher levels of the traits extraversion and 
openness  to experience tend to increase risk taking while conscientiousness, neuroticism 
and agreeableness decrease risk taking (9, 11). Personality traits are considered to be very 
relevant for optimizing organizational performance because they have been found to 
predict creativity and generation of superior ideas when an ‘optimal’ balance of personality 
traits is achieved within working teams(12). The concept of risk attitudes (i.e., risk seeking, 
risk neutral/tolerant, and risk averse) when translated into the drug regulatory context, 
could imply that an assessor who is risk averse may be willing to give up the benefit a 
drug could provide to avoid the uncertainty regarding long term side effects, while a risk 
seeking assessor may be willing to accept some risks to avoid the sure loss of the drug not 
reaching the market.  A risk neutral/tolerant assessor may be seen as having an impartial 
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view with a willingness to accept some degree of risk in every situation (4, 13) . The risk 
attitude most often assigned to medical regulators is one of risk aversion (14, 15); however 
there is no concrete evidence that medical regulators are uniformly risk averse. Despite 
its appeal, the term ‘risk attitude’ as a stable individual trait (e.g., a person who exhibits a 
risk averse utility function does not like to take risks), has had limited empirical support (6, 
16, 17).  Work from Weber and others have shown that individuals are not stable in their 
attitudes towards risk and may shift from being risk neutral to risk seeking depending 
on the domain (e.g., health versus finance (16, 18).  However, Weber’s research has also 
shown that an individual’s perception of the riskiness of a situation may be the lever that 
shifts risk attitude from averse to seeking, therefore identification of a stable perception, 
if such exists, may be of great value in understanding individual or group decisions under 
situations of risk.

The research on benefit/risk heuristics, personality traits and risk attitudes has been 
predominantly carried out among laypersons; experts have rarely been included in these 
studies primarily due to the assumption that given their expertise they consider only 
objective data when making judgments of risk and are not influenced by other factors 
(19, 20).  There is growing evidence to contradict this view and the authors direct the 
readers to the work of Sjoberg and others (21-24).  In 2009, the European Medicines 
Agency (EMA), the central body for regulating medicines in Europe, launched the EMA 
Benefit-Risk Methodology Project to assess the applicability of decision support tools 
within the regulatory environment.  (25-27).  Medical assessors in five European countries 
participated in field tests of methods aimed at improving the transparency of decision 
making (28, 29).  One case study, not originally planned at the onset of the project, was 
the market authorization of the H1N1 (Swine Flu) vaccine.  At the time, there was a 
genuine public health concern regarding the global impact of an impending contagious 
and sometimes fatal disease, and a decision regarding the market authorisation of the 
vaccine was urgently needed. This, coupled with the lack of data on the efficacy and safety 
of the vaccine, created a highly charged environment.  Consistent with the objectives 
of the EMA BR project, senior administrators at the EMA undertook to participate in 
a multi-criteria decision analysis (MCDA) workshop (external to the normal decision 
making process) to clarify their individual attitudes towards the benefits and risks of 
early or late approval of the vaccine.  The result was a decision model that increased 
transparency of the assumptions regarding the number of expected fatalities if the 
decision was advanced or postponed.  While the final decision regarding the market 
authorization of the swine flu vaccine was not taken during this process the use of this 
methodology aided in defusing the tensions surrounding the decision by highlighting 
differences in risk attitudes among the participants and facilitating a more structured 
discussion of the implications to approve or not approve the vaccine (30). 
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Not all regulatory decisions are as charged as that of the Swine Flu vaccine, that is, a 
heightened emotional situation due the potential for global fatalities with limited available 
data and short time period within which to consider the decision. However, this is not the 
only situation in which it may be appropriate to apply tools that support the regulatory 
process and remove the potential for introduction of biases in the decision making. If 
medical assessors, like laypersons, are influenced by factors external to the scientific 
data even when working within their area of expertise, then tools like MCDA or other 
structured approaches to decision making should be employed by medical assessors to 
support their work.  In this study, we aim to examine the risks and benefits of medicinal 
drugs as perceived by expert regulators, and to assess the influence of personality traits 
and risk attitudes on their perceptions. Using Weber’s risk attitudes across domains as a 
measure of stable risk attitudes, our hypothesis is that assessors use the heuristic-- benefit 
perception is the inverse of risk perception-- and personality traits and risk attitudes that 
indicate greater propensity for risk taking among laypersons will also be found to indicate 
greater propensity for risk taking among assessors. The objectives of this study are 
therefore: (1) to measure the correlation between benefit perception and risk perception; 
(2) to describe the distribution of risk attitudes among medical assessors; (3) to measure 
their personality traits and cross-domain risk attitudes; (4) to predict the benefit and risk 
ratings of a medicinal product using the measured personality traits and risk attitudes.

METHODS

The study was implemented as a web-based questionnaire and launched between June 2010 
and October 2010 (Annex 2).  Medical assessors from nine European National Competent 
Authorities (NCAs) were identified by their agency and invited to participate.  Demographic 
data were collected covering gender, country, age, education level, years in regulatory role, 
clinical area of expertise (clinical efficacy, clinical safety, non-clinical), and therapeutic area 
of expertise: cardiology, central nervous system (CNS), and oncology.  Data were collected 
in three phases with each phase lasting approximately six weeks: Phase 1: Demographic 
data, Domain Specific Risk Taking scale (DOSPERT)(31); Phase 2: Drug Case Study using 
a mock ‘clinical dossier’; Phase 3: The Big Five Jackson Inventory personality test(3).  

Domain Specific Risk Taking Scale
A number of scales have been developed to capture risk attitudes or behaviour but the 
DOSPERT was found to be most appropriate for the aims of this study as it captures 
attitudes towards risk taking within several defined domains (social, financial, health/
safety, recreational, and ethical) that encompass general life situations. In addition, the 
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DOSPERT scale captures not only the attitude towards several types of activities but 
also the measurement of an individual’s perception of the riskiness and the benefits of 
that activity. 

The description of the DOSPERT scale provided by the authors is as follows: The risk-taking 

responses of the 30-item version of the DOSPERT scale evaluates behavioural intentions -or the likelihood 

with which respondents might engage in risky activities- originating from five domains of life 
(i.e., social, financial, health/safety, recreational  and ethical risks), using a 7-point rating 
scale ranging from 1 (Extremely Unlikely) to 7 (Extremely Likely). Sample items include 
“Disagreeing with an authority figure on a major issue” (Social), “Investing 10% of your 
annual income in a new business venture” (Financial) ”,  “Engaging in unprotected sex” 
(Health/Safety) ”, and “Taking a weekend sky-diving class” (Recreational)  “Having an 
affair with a married man/woman  (Ethical) The risk-perception and the benefit-perception 
scales poses the same questions as found in the risk taking scale but here the aim is to 
evaluate the respondents’ assessment of  the riskiness or the benefits of each activity, 
using a 7-point rating scale ranging from 1 (Not at all risky) to 7 (Extremely Risky)(18) 
and 1 (Not at all beneficial) to 7 (Extremely Beneficial) .  Only the risk taking and risk 
perception scales were included in this study. The addition of the benefit perception scale 
was felt to be too burdensome for the assessors given the length of the questionnaire. In 
addition, the benefit perception scale and the risk taking scale may be highly correlated 
as willingness to engage in an activity may be dependent on the benefit one perceives for 
that activity.  The scores of the risk taking and risk perception scales were added across 
all items of a given domain subscale to obtain risk taking scores. Higher scores suggest a 
propensity for greater risk taking in that domain. Similarly for the risk perception scale, 
item ratings are added across all items of the domain subscale to obtain risk perception 
scores and higher scores indicate a greater perception of risk. 

Risk attitudes for both the risk taking and risk perception scales are presented as 
previously reported by Weber and others(32); by domain and across the domains.  The 
authors believe that both presentations are justified in that Weber proposes correctly 
that a given risk attitude may be reflected within a specific domain but the measurement 
across all domains may reflect the general risk attitude of a person irrespective of domain.  
Within each domain, respondent scores for both the risk-taking and risk perception 
scales were categorized as risk seeking, risk neutral and risk averse.  Assessors whose 
subscale score was 1 standard deviation above or below the mean were categorized as 
risk seeking or risk averse respectively; otherwise they were categorized as risk neutral.  
Two new descriptors were used for risk attitudes across the domains, reflecting the risk 
taking scale and the risk perception scale: general risk attitude (GRA), and perceived risk 
attitude (PRA).  For both the GRA and the PRA scales, the risk attitude of each assessor 
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was classified as either seeking, seeking/neutral, neutral, neutral/ averse, averse, or 
mixed depending on her/his designation found previously within each of the domains.  
An assessor’s general risk attitude was categorized as seeking if he/she was identified as 
risk seeking for all five domains on the risk taking scale.  If the assessor was classified as 
seeking for up to 3 domains and then neutral for the remaining, they were categorized 
as seeking/neutral.  Similarly, for the PRA scale an assessor was categorized as perceived 
neutral if the assessor was neutral for all five domains on the risk perception scale.  In 
cases where the assessors moved from risk seeking to neutral, they were categorised as 
perceived seeking/neutral. The ‘mixed’ category identifies those who had no discernible 
pattern in their risk attitudes, e.g., for one domain they were seeking, another averse, 
and for another domain neutral.

Descriptive statistics of the risk taking and risk perception scores are presented and the 
correlation between the mean risk taking and mean risk perception scores by domain 
were assessed. Statistically significant Spearman correlation coefficients were set a priori 
at <0.05. 

Big Five Inventory (BFI)
Five domains of personality (Extraversion, Openness, Neuroticism, Conscientiousness, 
and Agreeableness) have been consistently identified using various instruments over 
several decades and across many cultures and is therefore a highly regarded taxonomy 
(33-35).  The Big Five Inventory scale used in this area of research is a self-reported 
44-item questionnaire to which respondents are asked to indicate if they strongly disagree, 
disagree, are neutral, agree or strongly agree.  An example of the description for openness 
would include ‘I have a rich vocabulary’, ‘I have a vivid imagination’, ‘I have excellent ideas’ 
(3, 36).  Mean scores and standard deviations for each trait are presented.  Higher scores 
within the domains indicate a greater propensity for the personality trait being measured.

Mock Clinical Dossiers
In the second phase of the study, assessors were given a mock ‘dossier’ specific to their 
therapeutic area of expertise (cardiology, CNS, and oncology). The cardiology product 
was indicated for treatment of chronic stable angina pectoris; the oncology product 
was indicated for the treatment of non-small cell lung cancer; the CNS product was 
indicated for the treatment of neuropathic pain.  Data for the mock dossiers were adapted 
from the original product dossiers, Day 80 assessment reports and European Public 
AssessmentReports (EPARs)(37). The result was a shortened version of a real dossier 
with product-identifying data (e.g., drug name, manufacturer and dates) removed or 
substituted. The assessors were asked to review the dossier and to rate the medicinal 
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product on two dimensions, risk and benefit.  Both ratings used a Likert-like scale from 
1-7; for the risk dimension the question was ‘How risky is this product?’ Possible risk 
ratings ranged from 1= not at all risky to 7= extremely risky.  For the benefit dimension 
the question was ‘How beneficial is this product?’  Benefit ratings ranged from 1= not at 
all beneficial to 7= extremely beneficial.  The assessors were constrained not to consult 
with their colleagues as the aim of the study was to collect individual responses.  

Model Building
Ordinal regression models were used to evaluate the relationship between the rating 
of benefits and risks for a medicinal product and BFI traits and risk attitudes.  Ordinal 
regression models are an extension of the general linear model to ordinal categorical data.  
This method is very useful in social sciences where data are often captured as ordinal 
variables limiting the usefulness of linear models that require interval variables. The 
ordinal model tests the probability of any category of the independent variables being in 
a particular category of the dependent variable or lower, compared to a reference group.  
Negative parameter estimates indicate lower scores for the benefit or risk ratings while 
positive estimates indicate choosing higher scores.  For both the general risk attitude (GRA) 
and perceived risk attitude (PRA) the category with the largest proportion of assessors 
was the seeking-neutral category and this was therefore chosen as the reference category.

Due to limited published data on personality traits and experts, several models were 
evaluated responding to our research objectives.  In order to determine which of the BFI 
dimensions was most relevant to this analysis, bivariate analyses were conducted using 
a backward selection procedure between benefit ratings and the five dimensions of the 
BFI; a similar procedure was conducted for the risk ratings and the BFI dimensions. At 
each iteration of the model, the BFI dimension with the lowest non-statistically significant 
Wald statistic was dropped. Assessors reviewed dossiers relevant to their area of expertise 
therefore a variable, denoting the three medicinal products in the mock dossiers, was 
included during model building. In previous research, gender has been found to be 
predictive of risk perception therefore it was also included in the models.  Previous work 
in this area has shown a correlation between willingness to engage in risky activities 
depending on how risky the activity is perceived therefore separate models evaluating 
GRA and PRA were constructed. 

Following the bivariate analysis described above, separate models were build for the 
benefit and risk ratings. The benefit ratings were regressed on the BFI personality 
trait identified from the bivariate analysis along with the GRA categories, gender, and 
therapeutic area.  A forward and backwards selection method was used to determine 
the final model with the best model fit(38). Variables with non-statistically significant 
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estimates (>0.05) were removed at each iteration.  The evaluation of the benefit ratings 
and the PRA categories followed the same approach as well as model building for the 
risk ratings.  All parameter estimates with statistically significant results at the <0.05 
level are reported along with data for model fit.  The authors are aware that the use of 
stepwise regression methods have several limitations and that there are alternatives 
to this approach (e.g., testing the final model in an independent sample) but given the 
peculiarity of the study sample i.e., the limited availability of European medical assessors, 
the uniqueness of the sample population and the number of variables included for testing 
(DOSPERT, Big Five taxonomy) the chosen approach appeared to be the most pragmatic. 
All statistical analyses were conducted using SPSS 18.

RESULTS

Demographics 
Of the 80 assessors enrolled in the study, seventy-five (94%) responded in Phase 1, while 
fifty-nine (73%) assessors completed phases 2 and 3.  No difference was found for age, 
gender, role in the agency, regulatory experience or therapeutic area expertise between 
the dropouts from Phase 1 and those who continued on to Phase 2 and 3.

As shown in Table 1, the group was equally balanced by gender; 31% was between 20 and 
39 years old. Many assessors have multiple educational degrees; 51% of the assessors were 
medically qualified followed by PhD (29%) and pharmacists (13%).  Assessors within 
the NCAs generally focus on a single area of expertise. In our sample the majority of 
the assessors were experts in assessing clinical efficacy (63.8%).  Assessors with less than 
5 years of experience comprised the majority of the group (55%). 

Risk Attitudes among Assessors
The mean scores for the DOSPERT scales (risk taking and risk perceptions) for the five 
domains (social, financial, health/safety, recreational, and ethical) are shown in Table 2. 
When the domain subscale scores for both risk taking and risk perception scales were 
categorized by domain, assessors were predominantly risk neutral/tolerant with the 
remaining assessors evenly distributed among the other categories (Table 3). When the 
risk taking scale was evaluated across the domains as shown in Table 4, 2.5% of assessors 
were risk seeking for all domains, no assessor was risk averse for all domains and 15% 
of assessors were neutral/tolerant in their general risk attitude.  Similarly for the risk 
perception scale, 2.5% of assessors were categorized as being ‘perceived risk seeking’ for 
all domains and 2.5% were ‘perceived risk averse’ for all domains, while 17.5 % of assessors 
were perceived risk neutral/tolerant. 
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Table 1. Demographic characteristics

Variable Characteristic Frequency

Gender Male
Female

38
37

Age Between 20 and 29
Between 30 and 39
Between 40 and 49
Between 50 and 59

Over 60

1
22
30
18
3

Professional Qualifications MD
MD/PhD

PhD
PhD/Pharm
Pharmacist

Other

27
11
19
3
10
5

Role in NCA CHMP member
Internal Assessor
External Assessor

Other

6
57
9
3

Years of Regulatory Experience by Country Country <5 years 5+ years

France 2 8

Spain 4 3

The Netherlands 8 3

United Kingdom 4 6

Germany 3 7

Austria 9 1

Italy 10 0

Ireland 0 3

Portugal 1 3

Table 2. Descriptive Statistics of DOSPERT Risk Taking by Domain

N Mean
Std. 

Deviation Skewness Kurtosis

Statistic Statistic Statistic Statistic Std. Error Statistic Std. Error

Social Mean Score 75 5.3707 .78685 -.392 .277 -.251 .548

Financial Mean Score 75 2.3344 1,13292 1.119 .277 1.612 .548

Health Safety Mean Score 75 2.4200 .96771 1.010 .277 .866 .548

Recreational Mean Score 75 2.9542 1.16136 .423 .277 -.419 .548

Ethical Mean Score 75 1.8813 .76816 1.536 .277 3.594 .548

Valid N (listwise) 75
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Earlier research has shown a relationship between willingness to engage in risky activities 
depending on how risky the activity is perceived. We evaluated this relationship using 
a correlation analysis between risk taking in each domain and the corresponding risk 
perception of the activity. There was a statistically significant inverse relationship between 
mean risk taking score and mean risk perception score (Table 5) for all domains with the 
exception of the social domain. The correlation analysis shows that the riskier an activity 
is perceived by the assessors, the less likely they are to engage in it.

Table 3.  DOSPERT Scale - Risk Taking and Risk Perception within the 5 Domains

Domain Risk Seeking Risk Neutral/Tolerant Risk Averse

Risk Taking Row N=75 % Row N=75 % Row N=75 %

Social 19 25.3 46 61.3 10 13.3

Financial 14 18.7 47 62.7 14 18.7

Health/Safety 9 12.0 57 71.0 9 12.0

Recreational 12 16.0 51 68.0 12 16.0

Ethical 14 18.7 53 70.7 8 10.7

Risk Perception Row N=75 % Row N=75 % Row N=75 %

Social 9 12.0 53 70.7 13 17.3

Financial 13 17.3 48 64.0 14 18.7

Health/Safety 14 18.7 50 66.7 11 14.7

Recreational 13 17.3 46 61.3 16 21.3

Ethical 13 17.3 49 65.3 13 17.3

Table 4. DOSPERT Scale - Risk Attitudes Across All Domains

General Risk Attitude
(from the Risk Taking scale)

Perceived Risk Attitude 
(from the Risk Perception scale)

N=75 % N=75 %

Seeking 2 2.5 2 2.5

Seeking Neutral 26 32.5 28 35.0

Neutral 12 15.0 14 17.5

Neutral Averse 24 30.0 25 31.2

Averse 0 0 2 2.5

Mixed 11 13.8 4 5.0
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Table 5. Correlation results between the DOSPERT Risk taking and Risk perception subscales

Domain

Spearman Rho Significance (0.05)

Social -.149 .203

Financial -.343 .003*

Health/Safety -.357 .002*

Recreational -.470 .000*

Ethical -.350 .002*

*Statistically significant at <0.05

Big Five Inventory
The scores for the BFI dimensions were normally distributed with the following mean 
scores and standard deviations: Extraversion 3.3 [.738]; Conscientiousness 4.1 [.627]; 
Agreeableness 3.8 [.443]; Neuroticism 2.5[704]; Openness 3.9[.461].  The regression 
coefficient of the bivariate analysis for the BFI dimensions showed only Conscientiousness 
(BFIC) to be predictive of the benefit rating (.519; p=.027), that is, more conscientious 
individuals saw more benefit.  Extraversion (BFIE) was found to be predictive of the risk 
rating (-.406; p=.047), in that the more extraverted assessors saw less risks attached to 
the drug. All other BFI dimensions were non-significant and therefore excluded from 
further modelling.

Distribution and correlation of the Benefit and Risk Ratings
For both the benefit and risk scales the scores have a normal distribution with the majority 
of the scores in the middle of the 1-7 range. The ratings were reclassified from ordinal to 
interval variables for the purpose of the correlation analysis and a statistically significant 
inverse correlation between the benefit and risk ratings was found (-.309; p=.017).

Ordinal Regression for the Benefit Rating – General Risk Attitude, Perceived Risk 
Attitude and BFIC
It has been shown above that BFIC (conscientiousness) was predictive of the benefit 
ratings; the addition of the GRA categories did not improve the model and was therefore 
dropped.  Gender differences have been found in many studies in risk taking and males 
in general have been found to be more risk taking and to perceive fewer risks than 
females (39, 40). Gender and therapeutic area were added to the model but therapeutic 
area was not statistically significant and did not improve the model fit and was therefore 
removed. With only BFIC and gender in the model the PRA categories were added but 
as with the GRA categories this variable was not statistically significant. The final model 
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was therefore BFIC (.497; p=.036) and gender (.594; p=.041) showing that controlling for 
gender, an increase in the score for conscientiousness increased the probability of giving 
higher benefit scores and similarly controlling for BFIC, male assessors gave higher benefit 
scores than female assessors Table 6. 

Table 6. Ordinal regression results for the benefit ratings - BFIC and Gender (N=59)

Estimate Std. Error Wald df Sig.

Location

BFIC .497 .237 4.384 1 .036

Male
Female

.594
0

.290
.

4.191
.

1
0

.041
.

Model -2 Log Likelihood Chi-Square df Sig.

Intercept Only
Final

156.377
147.553 8.825 2 .012

Goodness of Fit Chi-Square df Sig

Pearson
Deviance

137.060
118.309

178
178

.990
1.000

Ordinal Regression for the Risk Rating – General Risk Attitude, Perceived Risk 
Attitude and BFIE
As above, the starting point for the model structure was the bivariate analysis with 
the risk ratings and BFIE (extraversion).  Additional bivariate models for GRA (Chi-Sq 
1.267; p=.867), gender (Chi-Sq .206; p=.650) and therapeutic area were constructed 
and all were shown to be non-predictive of the risk ratings with the exception of the 
therapeutic area Table 7.  Using the model with therapeutic area as the basic model 
the other predictor variables of interest were again added or dropped depending on 
whether an improvement in the model fit was observed.  BFIE and the PRA categories 
along with therapeutic area resulted in the most robust model for predicting the risk 
ratings Table 8. Assessors with higher scores for extraversion were more likely to give 
lower risk ratings. Compared to those in the perceived risk seeking-neutral category, 
the neutral-averse, averse and mixed categories were more likely to give higher risk 
ratings, controlling for therapeutic area. 



84

2.2

RISK ATTITUDES AND PERSONALITY TRAITS 

Table 7. Ordinal regression results for the risk ratings  - Therapeutic area (N=59)

Estimate Std. Error Wald df Sig.

Location

Cardiovascular
CNS

Oncology

-.820
-.728

0

.364

.338
.

5.079
4.636

.

1
1
0

.024

.031
.

Model -2 Log Likelihood Chi-Square df Sig.

Intercept Only
Final

45.095
38.517 6.579 2 .037

Goodness of Fit Chi-Square df Sig

Pearson
Deviance

4.757
5.181

8
8

.783

.738

Table 8. Ordinal regression results for the risk ratings  - BFIE, Therapeutic area and Perceived 
Risk Attitudes (N=59)

Estimate Std. Error Wald df Sig.

Location

BFIE -.636 .230 7.634 1 .006

Cardiovascular
CNS

Oncology

-1.246
-.684

0

.435

.371
.

8.210
3.410

.

1
1
0

.004

.065
.

Perceived Risk 
Attitudes

Seeking
Neutral
Neutral-averse

Averse
Mixed
Seeking-neutral

.304

.049

.761
2.738
2.728

0

1.126
.433
.358

1.225
.981

0

.073

.013
4.523
4.994
7.731

0

1
1
1
1
1

.788

.910

.033

.025

.005
0

Model -2 Log Likelihood Chi-Square df Sig.

Intercept Only
Final

177.225
152.865 24.360 8 .002

Goodness of Fit Chi-Square df Sig

Pearson
Deviance

241.156
148.706

252
252

.677
1.000
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DISCUSSION

To our knowledge this is the first study to examine personality traits and risk attitudes 
within the pharmaceutical regulatory network in Europe. The study aims to examine 
the relationship between risk perception and benefit perception among expert assessors 
as measured by the benefit and risk ratings of three medicinal products.  One of our key 
findings is that, as for laypersons, benefits and risks are inversely correlated among medical 
assessors.  We believe that this is indicative of a heuristic which may in some cases be 
veridical, that is, truly reflective of the assessment of the drug but may also lead assessors 
to negate true benefits where there are high risks and prevent a balanced assessment. This 
inverse relationship of benefits and risks, while providing us with an important view of 
the mental model of experts in drug regulation, should not serve as the sole explanation 
of the assessment process.  We argue, based on the results of this study that the mental 
models of assessors are far more complex than previously assumed and that assessors rely 
on a complex interplay of risk attitudes and personality traits as well as the perception of 
the clinical data when assessing medicinal drugs.

The results from the DOSPERT scale are useful in countering a pervasive view that 
regulators have a shared and stable ‘risk averse’ attitude(14, 15, 41).  Instead we show that 
for the domains measured, assessors are predominantly risk neutral/tolerant and may 
even perceive fewer risks than the sample of US undergraduates in the Weber et al. 2002 
study (18).  With the exception of risk neutral attitude, there was no evidence of assessors 
having a predominant risk attitude across all domains; in line with previous research 
among laypersons, assessors change their risk attitude, e.g., move from seeking to neutral, 
or neutral to averse depending on the domain. However, it may be that within the risk 
attitude categories we have defined using the across domain classification there may be 
a stable risk attitude measurable from the PRA scale but not the GRA. Perhaps the GRA 
with its focus on behavioural intentions (what is the likelihood of engaging in this activity?) 
does not provide a measure of the perceived risks involved and therefore cannot be used 
to indicate risk propensity in areas outside those measured in the DOSPERT. However, 
results of the PRA scale with its focus on risks (how risky is this activity?) across domains 
can be used as an indicator for a stable personality trait, that is, assessors who can be 
categorized as belonging to the seeking-neutral group may be less conservative that those 
in the neutral-averse, averse and mixed groups and may view other life domains such as 
assessment of pharmaceutical drugs through this lens. 

In the regression analysis the benefits and risk scores are explained by individual 
characteristics, namely personality traits and perceived risk attitude.  We have shown 
in previous work that medical assessors’ risk perception of the 3 medicinal drugs 
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is specific to the situation under review: the type of product, the safety and ethical 
concerns, the number of patients potentially impacted by the adverse effects of the 
medicinal product along with individual characteristics such as years of experience 
as an assessor and gender (22).  It now appears that personality traits also influence 
the perception of benefits and risks. It is surprising that Conscientiousness  and 
Extraversion were the only personality traits from the BFI to be predictive of the 
benefit and the risk ratings respectively, as the other BFI personality traits  (Openness, 
Neuroticism, and Agreeableness) have also been found to be predictive of increasing 
or depressing risk taking in other situations (11). Conscientiousness is described as 
the state of being thorough, careful, or vigilant; it implies a desire to do a task well 
and has been found to be influential of job performance(42, 43). Therefore, highly 
conscientious medical assessors may be sensitive to the promise of the benefits of 
medicinal products and may place great value on these aspects when reviewing a 
medical dossier. Gender was considered a potential confounder for the relationship 
between BFIC and the benefit ratings and the additive model constructed shows that 
indeed both variables contribute to explain the variance in the benefit ratings.  The 
implication of these results, when the  benefit risk assessment of medicinal drugs is 
carried out in teams as it is in Europe, is that careful thought should be given to the 
composition of personality traits and risk attitudes to minimize the negative effects 
on team processes of certain personality traits and maximise the positive effects of 
others similar to the consideration given to the impact of cognitive styles on task 
execution (12, 44).

The authors believe the results show that there is a human dimension that influences 
the perceptions of assessors, which is not negated simply by their expertise. Assessors 
are susceptible to the same failings as laypersons and this should be acknowledged 
within the regulatory process. The EMA within the BR Methodology project have 
taken steps in this direction and the Swine Flu case study provides one example of 
an ‘ideal’ decision making environment where ‘hidden’ or subconscious assumptions 
are made transparent.  This does not mean the decision resulting from such a process 
will be considered ‘right’ but that every opportunity has been taken to increase the 
objectivity of the assessment and decrease the subjectivity inherent to any human 
decision making process.  

This study, while providing important additional knowledge regarding benefit and risk 
perception of medicinal products and the interaction with individual and personality 
traits, has several limitations. The lack of predictive power of the GRA scale may be 
due to the specific risk taking activity questions found in the DOSPERT which may 
not fit the regulatory domain. In addition, the long duration of the study necessary 
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for gathering data in this natural setting resulted in a 77% response rate by the final 
phase during which the BFI scale measurements were taken. The resulting sample of 
assessors within our study appears to be small however the authors hasten to point 
out that the seemingly small number of medical assessors is inherent in the design of 
the study as we wished to focus on assessors with expertise in specific disease areas.   
Nonetheless, future research could aim to enrol a larger sample of assessors to test the 
validity of the results and also to explore the impact of individual personality traits 
on group decision making within the national agencies.  Despite the above mentioned 
limitations our results remain useful for generating future hypotheses and are among 
the few available on expert medical assessors who are, understandably, not readily 
accessible for behavioural studies due to the confidential nature of their work and their 
heavy work commitments. 

CONCLUSIONS

There is a pervasive belief that decision making bodies, such as the European regulatory 
network by virtue of their organizational structure, allows for alternative perspectives 
to be rationally considered until the optimal decision is reached (45)  i.e., relying on a 
hierarchal bottom-up flow of expert advice and consultation. There is, however, evidence 
to contradict this view, that is, real-life organizational decision making is prone to both 
cognitive and organizational limitations and that problems of ambiguity, uncertainty, 
and conflict. In addition, individual risk attitudes and perceptions may negatively impact 
the elucidation and consideration of the alternatives(45).  Our first contribution to the 
extensive body of work on risk perception is the observation that the perception of the 
benefits that accompany medicines is as equally complex as that of the risks. Similar 
to laypersons, experts view benefits as negatively related to risks. We encourage the 
investigation of benefit perception alongside that of risk perception. A second contribution 
is that experts perceive the risks of a hazard via a set of situational and individual 
characteristics and therefore the decision of what is risky is a complex interplay of the 
situation, their level of expertise, their perception of the risks involved and even their 
gender (6, 20, 46-48). The knowledge that individual characteristics such as personality 
traits may be influential in the way assessors perform their job is not surprising, like 
laypersons they are prone to biases and reliance on heuristics; however, it is important 
to provide empirical evidence of what maybe important influences in the decision 
making process and to challenge those responsible to create diverse decision making 
teams where individual factors are appropriately balanced. The authors recommend 
that medical assessors within the national agencies participate in an evaluation that 
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assesses their general risk attitudes and their personality traits.  Workshops, similar to 
those conducted by the EMA Benefit –Risk Methodology Project to demonstrate the 
application of decision support tools, could be organized within the NCAs. The aim of the 
workshop should be to educate medical assessors on the evidence of risk perception, risk 
attitude and personality trait literature; to demonstrate the impact of their personality 
traits on decision making; to show how decision support tools can aid the transparency 
and minimize the impact of these traits.
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ANNEX 2_QUESTIONAIRE 1

1. RISK ATTITUDES

The following is a validated questionnaire measuring risk attitudes. For each of the 
following statements please provide a rating using scale indicated.

1 2 3 4 5 6 7
Extremely 
Unlikely

Moderately 
Unlikely

Somewhat 
Unlikely

Neither likely 
nor Unlikely 

Somewhat 
likely 

Moderately 
Likely

Extremely 
Likely

1. If opportunity were to present itself, please indicate the likelihood f you engaging 
in the activity below:

Leaving your 
children alone 
at home while 
running an 
errand

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Investing 5 % 
of your annual 
income in a very 
speculative stock

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Passing of some-
onelse’s work as 
yours

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Bungee jumping 
off a tall bridge

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Driving car 
without wearing  
a seatbelt

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Betting a day’s 
income at the 
horse races

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Taking some 
questionable 
deductions on 
your income tax 
return

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely
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Going camping 
in the wilder-
ness

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Betting a day’s 
income on a 
high stake poker 
game

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Starting a new 
career in your 
mid-thirties

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Taking a 
skydiving class

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Walking home 
alone at night in 
an unsafe area of 
town

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Going white-
water rafting at 
high water in 
the spring

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Investing 10 % 
of your annual 
income in a new 
business venture

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Riding motor-
cycle without a 
helmet

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Betting a day’s 
income on the 
outcome of a 
sporting event

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Revealing a 
friend’s secret to 
someone

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Not returning a 
wallet you found 
that contains 
200 euros

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Going down a 
ski run that is 
beyond your 
ability

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Admitting that 
your tastes are 
different from 
those of a friend

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Having affair 
with a married 
man/woman

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely
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Moving to a city 
far away from 
your extended 
family

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Sunbath-
ing without 
sunscreen

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor unlikely

Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Disagree-
ing with an 
authority figure 
on a major issue

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Choosing a 
career you really 
enjoy over a 
more secure 
career

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Engaging in 
unprotected sex

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Speaking your 
mind about an 
unpopular issue 
in a meeting at 
work

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Investing 10% 
of your annual 
income in 
a moderate 
growth fund

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Piloting a small 
place

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely


Drinking 
heavily at social 
function

Extremely 
Unlikely


Moderately 
Unlikely


Somewhat 
Unlikely


Neither likely 
nor  Unlikely



Somewhat 
likely


Moderately 
Likely


Extremely 
Likely
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2. RISK PERCEPTION

People often see risk in situations where there is uncertainty about the outcome or the 
consequences of the outcome. However, riskiness is a very personal and intuitive reaction. 
We are interested in your gut level assessment of how risky each situation is. For each of 
the following statements, please indicate how risky you perceive each situation. Provide 
a rating from 1 to 7, using the scale indicated below.

2. How risky is the activity shown below?

Betting a day’s 
income on a 
high stake poker 
game

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Sunbathing 
without 
sunscreen

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Piloting a small 
place

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Walking home 
alone at night in 
an unsafe area of 
town

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor  not risky



Risky



Moderately 
Likely


Very 
Risky


Bungee jumping 
of a tall bridge

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Leaving your 
children alone 
at home while 
running an 
errand

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Riding 
motorcycle 
without a helmet

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Engaging in 
unprotected sex

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Driving car 
without wearing 
a seatbelt

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Admitting that 
your tastes are 
different from 
those of a friend

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky
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Taking some 
questionable 
deductions on 
your income tax 
return

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Going 
camping in the 
wilderness

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Taking a 
skydiving class

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Having affair 
with a married 
man/woman

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Revealing a 
friend’s secret to 
someone

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Speaking your 
mind about an 
unpopular issue 
in a meeting at 
work

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Disagreeing 
with an 
authority figure 
on a major issue

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Passing of 
someonelse’s 
work as yours

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Going 
whitewater 
rafting at high 
water in the 
spring

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Drinking 
heavily at social 
function

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Betting a day’s 
income at the 
horse races

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Going down a 
ski run that is 
beyond your 
ability

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Investing 10% 
of your annual 
income in 
a moderate 
growth fund

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky
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Investing 5 % 
of your annual 
income in a very 
speculative stock

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Moving to a city 
far away from 
your extended 
family

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Investing 10 % 
of your annual 
income in a new 
business venture

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Choosing a 
career you really 
enjoy over a 
more secure 
career

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Betting a day’s 
income on the 
outcome of a 
sporting event

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Not returning a 
wallet you found 
that contains 
200 euros

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Starting a new 
career in your 
mid-thirties

Not at all 
Risky


Slightly 
Risky


Somewhat 
Risky


Neither risky 
nor not risky



Risky



Moderately 
Likely


Very 
Risky


Thank you 

Thank you for participating in this survey. Your responses are very important and will 
be kept confidential. Please click ‘YES’ to lock the questionnaire or ‘NO’ to return and 
edit your responses.
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Survey: EMA_Risk Perception_The Big Five Inventory 

3. HOW AM I IN GENERAL?

In the following pages there are a number if characteristics that may or may not apply 
to you. For example, do you agree that you are someone who likes to spend time with 
others? Please indicate on a scale of 1 to 5 the extent to which you agree or disagree with 
the statements.

1. I am someone who …  

Disagree 
strongly

Disagree 
a little

Neither agree 
or disagree

Agree a 
little

Strongly 
agree

1 Is talkative     

2 Tends to find fault with others     

3 Does a thorough job     

4 Is depressed, blue     

5 Is original, comes up with new 
ideas

    

6 Is reserved     

7 Is helpful and unselfish with 
others

    

8 Can be somewhat careless     

9 Is relaxed, handles stress well.     

10 Is curious about many things     

11 Is full of energy     

12 Starts quarrels with others     

13 Is reliable worker     

14 Can be tense     

15 Is ingenious, a deep thinker     

16 Generates a lot of enthusiasm     

17 Has a forgiving nature     

18 Tends to be organised     

19 Worries a lot     

20 Has an active imagination     

21 Tends to be quiet     

22 Is generally trusting     

23 Tends to be lazy     
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Disagree 
strongly

Disagree 
a little

Neither agree 
or disagree

Agree a 
little

Strongly 
agree

24 Is emotionally stable, not easily 
upset

    

25 Is inventive     

26 Has an assertive personality     

27 Can be cold and aloof     

28 Perseveres until the task is 
finished

    

29 Can be moody     

30 Values artistic aesthetic 
experiences

    

31 Is sometimes shy, inhibited     

32 Is considerate and kind to 
almost everyone

    

33 Does things efficiently     

34 Remains calm in tense 
situations

    

35 Prefers work that is routine     

36 Is outgoing, sociable     

37 Is sometimes rude to others     

38 Makes plans and follows 
through with them

    

39 Gets nervous easily     

40 Likes to reflect, play with ideas     

41 Has few artistic interests     

42 Likes to cooperate with others     

43 Is easily distracted     

44 Is sophisticated in art, music, or 
literature
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ABSTRACT

Background: Work Package 1 of the European Medicines Agency Benefit Risk (EMA 
BR) Methodology Project reported that assessors do not have a clear definition of what 
benefits are and what risks are in relation to medical products. However, it is possible that 
the methodology used to collect the data from the assessors was not sufficiently concise as 
it did not require the assessors to focus on a specific drug or even a specific disease. This 
study aims to measure the degree of congruency among a group of medical assessors in 
identifying benefits and risks for specific medical products. Method: Eighty assessors in 
nine EU countries were enrolled in the study. Assessors were provided with a mock ‘clinical 
dossier’ specific to their area of expertise and asked to identify the risks and benefits for 
that product. They were also asked to indicate the value they place on various sections 
of the clinical dossier by distributing 100 points within the sections: pharmacokinetic/
pharmacodynamic, toxicology, efficacy, safety and study quality. Results: For both the 
oncology treatment and the CNS treatment, there appeared to be a low level of agreement 
between the assessors as to the benefits and the risks. For the cardiology treatment, there 
was more consistency in the identified benefits and risks. Estimations of value also varied 
among assessors, although there appeared to be consistently lower values assigned to 
pharmacokinetic/pharmacodynamic attributes. Conclusions: Assessors appear to focus 
on different aspects of a clinical dossier and assign differing levels of value, as can be seen 
by the number of points they apportioned to the various sections of the clinical dossier. 
The results of this study appear to confirm what was reported in Work Package 1 of 
the EMA BR Methodology Project—that assessors are not congruent in identifying the 
benefits and risks of a medical product or in the degree of value they place on the data 
provided in the clinical dossier. 
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INTRODUCTION

Within the world of medical research, the values of patients are now often spoken of, 
particularly the continued deficit of those values in the scientific and regulatory decision- 
making process (1). Patient organizations have been established for almost every disease 
and are a seen as important stakeholders in the regulation of medicines and as a direct 
connection to patients. But what of regulators’ or medical assessors’ values? Do they 
have values regarding the medicinal products they regulate? One of the main themes 
of this thesis is that assessors do rely on value judgments when assessing the clinical 
data presented in a submission. In Chapter 2.1 and Chapter 2.2, several well-established 
measures of risk perception, risk attitude and personality traits were administered among 
a group of medical assessors. The results indicating the use of a low benefit/high risk 
heuristic; several underlying dimensions predicting their risk perception of a medical 
product, as well as gender, years of experience and personality traits.    

While the results of both studies are strong indicators that the value systems of assessors 
are being engaged in their perception of what is risky or beneficial regarding a drug, the 
instruments used may appear to some to be too remote from the actual daily work carried 
out by assessors. It was therefore of interest to include in the study a series of questions 
more closely related to their work. As previously described, the European Medicines 
Agency (EMA) undertook a three-year research initiative, ‘The Benefit–Risk Methodology 
Project’, with the aim of exploring means of improving the consistency, transparency 
and communication of benefit–risk assessments. Five work packages were envisaged, of 
which four have been completed, and project results can be found in several reports on 
the EMA website and in publications by Phillips and others (2-5). 

The first deliverable of the project was to describe the current practices of medical assessors 
within national agencies, and a key finding in this report was the variability among 
assessors regarding their definition of the terms ‘benefit’ and ‘risk’(2). This variability, 
while initially surprising to the researchers, is perhaps reflective of the complex task 
that assessors undertake when reviewing the data for a medicinal product. A pictorial 
by Patrick Frey appropriately depicts the complexity of the assessment process (Fig. 1). 
However, the results may also have been due to the general way in which the questions 
were posed, that is, ‘What is a benefit?’and ‘What is a risk?’ The responses of the assessors 
to such general questions may not have been fully considered as their role requires them 
to focus on specific products and to identify specific benefits and risks when making an 
assessment. It was therefore necessary to reassess this question of the congruency among 
assessors in how benefits and risks are viewed.
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METHODS

This study was conducted as part of a larger work on risk perception, risk attitudes and 
personality traits among medical assessors in Europe. The study was implemented as a 
web-based questionnaire (Annex 3) and was launched between June 2010 and October 
2010. There were three phases of data collection—Phase 1: demographic data, Domain-
Specific Risk Taking scale (DOSPERT), the Big Five Jackson Inventory personality test; 
Phase 2: The Psychometric Paradigm and Phase 3: drug case study and benefit and risk 
dimensions. Data for the current analyses are taken from Phase 3. 

A total of 80 assessors in nine National Competent Authorities (NCAs) in Europe were 
identified by Committee for Medicinal Products for Human Use (CHMP) members as 
being eligible to join the study. The study population was self-selected as participation 
was on a voluntary basis, and only minimal inclusion/exclusion criteria, based on the 
therapeutic area (cardiovascular, oncology and central nervous system), were used.

Assessors were given a mock ‘clinical dossier’ for a real medical product from one of three 
therapeutic areas, consistent with their therapeutic and clinical area of expertise. Data 
for the mock ‘dossier’ were adapted from product dossiers, Day 80 assessment reports 
and the European Public Assessment Reports (EPARs), where available. The result was 
a shortened version of a real dossier as it would have been time-prohibitive to use the 
original marketing authorization application (MAA), which can run to thousands of 
pages. Where possible, all product identifying data, such as drug name, manufacturer 

The first deliverable of the project was to describe the current practices of medical assessors 

within national agencies, and a key finding in this report was the variability among assessors 

regarding their definition of the terms ‘benefit’ and ‘risk’(2). This variability, while initially 

surprising to the researchers, is perhaps reflective of the complex task that assessors 

undertake when reviewing the data for a medicinal product. A pictorial by Patrick Frey 

appropriately depicts the complexity of the assessment process (Fig. 1). However, the results 

may also have been due to the general way in which the questions were posed, that is, ‘What 

is a benefit?’and ‘What is a risk?’ The responses of the assessors to such general questions 

may not have been fully considered as their role requires them to focus on specific products 

and to identify specific benefits and risks when making an assessment. It was therefore 

necessary to reassess this question of the congruency among assessors in how benefits and 

risks are viewed. 

Figure 1. Patrick Frey Cardiac Safety Research Consortium, April 13, 2011  

Methods 

Figure 1. Patrick Frey Cardiac Safety Research Consortium, April 13, 2011 
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and dates were removed or substituted. The assessors were asked to review the dossier as 
they would in a real drug assessment and to identify the three main benefits and the three 
main risks of the product they reviewed. Assessors were allowed to provide open-ended 
responses and could focus on any aspect of the drug they thought was most important or 
indicate where they did not believe they had sufficient information in the mock dossier. 
Categorization of the open-ended responses to show agreement regarding the main 
benefits and risks was performed manually and conducted separately by two reviewers. 
Any discrepancy between the two reviewers was resolved by a third reviewer. The results 
of the congruity of the assessors’ responses are presented in pie charts.

In a follow-up question, assessors were given a list of clinical and non-clinical attributes 
and asked to indicate the value or the weight they would assign to the various attributes 
when making their assessment. They were told to imagine that they had 100 points 
to distribute within each subset of attributes (pharmacokinetic/pharmacodynamic, 
toxicology, efficacy, safety and study quality). The drug attributes listed in the questionnaire 
were taken from several assessment reports and in discussion with two CHMP members. 
The assessment reports for three approved products were reviewed and all the criteria 
in the reports were arranged by subheadings, as described below in Table 1. Any of the 
attributes found in at least one of the reports or that appeared to be justifiable to the 
reviewers were included. The questionnaire administered to the assessors for this phase 
of the study can be found in Annex 3.

Table 1. Benefit–risk assessment criteria

Avonex Rebif Betaferon

Pharmacokinetic/ Pharmacodynamic Criteria   

Mechanism of action   

Assay validation   

Absorption of the product   

Dose-response effect (single and multiple dose) dose/concen/effect relationship   

Applicability of in vivo/ in vitro studies   

Elimination (clearance) mechanism and rate of the product   

Serum concentration of the product   

Tissue concentration of the product   

PD interactions   

Bioavailability, halflife, dose proportionality, time dependency   

PK/PD in target population (healthy volunteers, sub pop), genetic variability   

Metabolism   

Excretion of the product   
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Table 1. Benefit–risk assessment criteria

Avonex Rebif Betaferon

Uncertainty regarding secondary pharmacodynamic actions   

Uncertainty of genetic polymorphism   

Uncertainty regarding animal studies   

Uncertainty of MOA and use of surrogate parameters   

Toxicology Criteria   

Acute toxicity   

Carcinogenicity/genotoxic   

Acute clinical effects   

Immune system response   

Reproductive toxicity   

Negative effects due to route of administration   

Efficacy Criteria   

Clinical relevance of primary endpoint   

Efficacy of primary endpoint to comparator   

Efficacy of secondary endpoint (s) to comparator   

Subgroup analysis for primary and secondary endpoints   

Efficacy of QOL endpoints   

Comparison to other licensed products   

Uncertainty regarding precision of point estimates   

Safety Criteria   

Overall incidence of treatment-related effects (morbidity, mortality)   

Withdrawal effects of product   

Immune system response to product   

Withdrawal due to adverse events   

Drug–drug interactions   

Drug–food interactions   

Incidence of treatment-related effects by special populations   

Treatment-related effects by pop, co-meds, co-disease, dose, exposure   

Uncertainty regarding long-term outcome data   

Uncertainty regarding power of the study to detect adverse outcomes   

Study Quality Criteria   

Patient inclusion criteria   

Pivotal trial duration   

Randomisation and blinding   

Robustness of the study(ies)   

Deviations and effect on the data   

Robustness of the study measurements   
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RESULTS

Main Benefits and Risks
Benefits for Treatment of Non-small Cell Lung Cancer
The assessors with expertise in oncology were provided with a ‘mock’ clinical dossier 
for a treatment for non-small cell lung cancer. Responses for the assessors’ perceptions 
of the three main benefits were widely distributed and are shown in Fig. 2. Only 20% of 
the responses indicated that the assessors thought low toxicity was one of the three main 
benefits. The next largest consistent response was progression-free survival, followed by 
overall survival. Other responses were widely dispersed, with 17% unspecific responses 
(‘suggestive results in selected patients’, ‘low TED’). Only 3% of the responses specifically 
indicated tumour shrinkage as a benefit, although the idea may have been captured by 
the other efficacy endpoints mentioned. 

Figure 2. Main benefits of treatment of non-small cell lung cancer

Results 

Main Benefits and Risks 

Benefits for Treatment of Non-small Cell Lung Cancer

The assessors with expertise in oncology were provided with a ‘mock’ clinical dossier for a 

treatment for non-small cell lung cancer. Responses for the assessors’ perceptions of the three 

main benefits were widely distributed and are shown in Fig. 2. Only 20% of the responses 

indicated that the assessors thought low toxicity was one of the three main benefits. The next 

largest consistent response was progression-free survival, followed by overall survival. Other 

responses were widely dispersed, with 17% unspecific responses (‘suggestive results in 

selected patients’, ‘low TED’). Only 3% of the responses specifically indicated tumour 

shrinkage as a benefit, although the idea may have been captured by the other efficacy 

endpoints mentioned.  

Figure 2. Main benefits of treatment of non-small cell lung cancer 

Risks for Treatment of Non-small Cell Lung Cancer
As seen in Fig. 3, the toxic effects of the drug are the main concern; however, very 
few assessors identified the same organ-specific toxicity, although we have grouped 
together all who mentioned an organ. Those who mentioned general concerns with 
toxicity were grouped separately. Fourteen percent of the responses highlighted 



110

2.3

ASSESSING IM
PORTANCE OF BENEFITS AND RISKS IN A CLINICAL DOSSIER

concerns about the efficacy of the product, which seems to indicate a blending of 
benefits and risks in the minds of some assessors. Strangely, death was indicated in 
one response; it is unclear what this means as clearly if the product was the cause of 
death in some patients other assessors would have highlighted this concern as well. 
It appears that apart from the toxicity, the perceived risks associated with this drug 
showed little to no congruency.

Figure 3. Main risks of treatment of non-small cell lung cancer 

Benefits for Treatment of Chronic Stable Angina Pectoris
The assessors with expertise in cardiology were provided with a ‘mock’ clinical dossier for 
a treatment for chronic stable angina pectoris. Of the main benefits identified, reduction of 
symptoms of angina and improved exercise tolerance had the largest responses at 22% and 
15%, respectively. The next largest response was lower heart rate and its use among beta-
blocker-intolerant patients. Some of the responses were unclear (‘no negative inotropy’, 
‘less UA’), but it appears that the most of the responses indicated an improvement in 
symptoms surrounding angina and performance of the heart.

	  

Diarrhea	  
5%	  

Uncertainty	  of	  
ef1icacy	  
14%	  

Organ	  speci1ic	  
toxicity	  
27%	  

Carcinogenicity	  
3%	  

Not	  applicable	  
24%	  

Poor	  
patient	  
selection	  

4%	  

General	  
toxicity	  
11%	  

EGRF	  
mutation	  

2%	  

PR	  interval	  
prolongation	  

2%	   Death	  
2%	  

PK	  
interaction	  

2%	  
Unspeci1ic	  

4%	  

Oncology	  Risks	  
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Risks for Treatment of Chronic Stable Angina Pectoris
There was a greater level of agreement among the assessors regarding the associated risks 
for this treatment than is seen in the assessment for either the oncology or CNS treatment. 
Cardiac disorders and ocular toxicity were highlighted in 55% of the responses, with the 
next most common concerns being drug–drug interactions and poor or limited study 
design due to insufficient data.

Benefits for Treatment of Neuropathic pain 
Assessors with expert knowledge of the central nervous system were asked to provide 
their perceptions of the three main benefits and the three main risks related to the drug 
they reviewed. As with the oncology product, there is limited overlap in the responses 
(Fig. 6). Only 21% of the responses indicated ‘reduction of pain’, while other responses 
were widely disbursed, some indicating the lack of drug–drug interactions, better safety 
and improved quality of life, which can clearly be thought of as benefits. However, other 
responses are puzzling, such as ‘lack of efficacy’ or ‘the small effect size is offset by side 
effects’. It is possible that the intention in this case was to say that there was no benefit 
observed or that even with a direct question about benefits assessors are attempting to 
balance both the benefits and risks.

Figure 4. Benefits for treatment of chronic stable angina pectoris

Benefits for Treatment of Chronic Stable Angina Pectoris 

The assessors with expertise in cardiology were provided with a ‘mock’ clinical dossier for a 

treatment for chronic stable angina pectoris. Of the main benefits identified, reduction of 

symptoms of angina and improved exercise tolerance had the largest responses at 22% and 

15%, respectively. The next largest response was lower heart rate and its use among beta-

blocker-intolerant patients. Some of the responses were unclear (‘no negative inotropy’, ‘less 

UA’), but it appears that the most of the responses indicated an improvement in symptoms 

surrounding angina and performance of the heart. 

Figure 4. Benefits for treatment of chronic stable angina pectoris 

Risks for Treatment of Chronic Stable Angina Pectoris 

There was a greater level of agreement among the assessors regarding the associated risks for 

this treatment than is seen in the assessment for either the oncology or CNS treatment. 
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Cardiac disorders and ocular toxicity were highlighted in 55% of the responses, with the next 

most common concerns being drug–drug interactions and poor or limited study design due to 

insufficient data. 

Figure 5. Risks for the treatment of chronic stable angina pectoris  

Benefits for Treatment of Neuropathic pain  

Assessors with expert knowledge of the central nervous system were asked to provide their 

perceptions of the three main benefits and the three main risks related to the drug they 

reviewed. As with the oncology product, there is limited overlap in the responses (Fig. 6). 

Only 21% of the responses indicated ‘reduction of pain’, while other responses were widely 

disbursed, some indicating the lack of drug–drug interactions, better safety and improved 

quality of life, which can clearly be thought of as benefits. However, other responses are 

puzzling, such as ‘lack of efficacy’ or ‘the small effect size is offset by side effects’. It is 

possible that the intention in this case was to say that there was no benefit observed or that 

Figure 5. Risks for the treatment of chronic stable angina pectoris 
even with a direct question about benefits assessors are attempting to balance both the 

benefits and risks. 

Figure 6. Main benefits for treatment of neuropathic pain  

Risks for Treatment of Neuropathic pain  

Figure 7 shows very little congruency among the assessors’ responses, as evidenced by the 

diverse set of responses. Cardiac disorders were indicated in 15% of the responses, while the 

next highest responses were split between some type of adverse event, without specifying 

what type of event, and lack of efficacy. Assessors indicated a myriad of concerns regarding 

this product, from organ-specific adverse events to poor data quality. One assessor indicated 

‘suicidality’ as a concern, which is difficult to understand given that a product with such an 

effect should cause concern for all assessors who see such evidence.  

Figure 6. Main benefits for treatment of neuropathic pain 
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Risks for Treatment of Neuropathic pain 
Figure 7 shows very little congruency among the assessors’ responses, as evidenced by 
the diverse set of responses. Cardiac disorders were indicated in 15% of the responses, 
while the next highest responses were split between some type of adverse event, without 
specifying what type of event, and lack of efficacy. Assessors indicated a myriad of concerns 
regarding this product, from organ-specific adverse events to poor data quality. One 
assessor indicated ‘suicidality’ as a concern, which is difficult to understand given that a 
product with such an effect should cause concern for all assessors who see such evidence. 

Figure 7. Main risks for treatment of neuropathic pain 

Assigning weights to the drug attributes 
In a follow-up exercise to determine the main benefits and risks, assessors were asked to 
indicate the value or the weight they would give to several drug parameters, that is, means 
of assessing how the drug is performing. The results are presented as graphs in Annex 3R, 
Figures 8–46. Pharmacokinetic/pharmacodynamic toxicity, efficacy and safety are the 
main parameters by which medicinal drugs are assessed, but how important are they 
to the assessors when reviewing the clinical dossier? The results show that the majority 
of the assessors for all three disease areas gave low priority to the pharmacokinetic/
pharmacodynamic parameters—less than 10 points out of 100. For the toxicity parameters, 
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the distribution of the weights changed slightly from that of the previous parameters 
but not significantly so. Acute toxicity, carcinogenicity and genotoxicity all appear to be 
negatively skewed in the distribution of the weights. It appears that only for the efficacy 
parameters, particularly ‘clinical relevance of the primary endpoint’, the distribution 
of the assessors’ values change dramatically. All the other efficacy parameters are again 
predominantly assigned low scores. The safety data is less informative than the other 
sections due to the number of missing responses. Nonetheless, even with the limited 
number of responses it is still clear that within the specific disease areas assessors are 
indicating differing levels of value. No data are presented for the section on study quality. 

DISCUSSION

This is the third empirical study measuring how European medical assessors carry out 
their responsibilities as guardians of the health and wellbeing of 500 million Europeans. 
Medical assessors are specialists in specific areas, such as toxicology, clinical efficacy or 
safety, and bring their expertise to a team assigned to review a given medicinal product. 
Therefore, an evaluation of their work as individuals can only provide a partial picture 
of how assessments are conducted within the regulatory environment given that the 
final decision is based on group discussion and consensus building. Nonetheless, as has 
been stated in the two preceding papers, the starting point for assessing any process 
is the basic unit, and in this case the assessors are the basic unit within the regulatory 
process. The aim of this study is not to say that there is poor performance on the part 
of the assessors as they evaluate medicines. The aim instead is to highlight the myriad 
of details that assessors must grapple with in order to perform their jobs as guardians 
of the public health, to highlight that individual experts viewing the same information 
will have differing values regarding the importance or relative weight of the data and 
to open the discussion of how assessors can be supported in balancing all the attributes 
used in the evaluation of a drug’s performance. We do this by showing that there is a 
considerable degree of variability among assessors in identifying the key benefits and risks 
and variability in the type of data (toxicology, pharmacodynamics/pharmacokinetics) 
assessors consider important when evaluating a drug. The treatment for neuropathic 
pain provides an example of a noteworthy divergence, where only one assessor indicated 
suicidality as a concern. No other terms were given that could be considered similar, such 
as depression or anxiety, leading one to ask if there is some value-based view of suicidality. 
Why else would other assessors not indicate this as a concern?

It is the premise of this thesis that like those of laypeople, the value system of experts is 
engaged when reviewing data that concerns the probability of risk or the probability of 
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benefit. This may go some way in explaining why, as was seen with the oncology medical 
product, some assessors see lack of efficacy or uncertainty of efficacy as a risk while 
assessors do not. Evidence that assessors perceive data differently should not disturb 
us; they are human and like other humans make the best decisions they can given the 
complexity of the data with which they work. What should and does disturb us is the 
knowledge that the assessors are the building blocks of a complex process and their 
perceptions, which are not fully transparent, form the basis of a regulatory assessment. 
It is the lack of transparency that should be addressed, not only for communication to 
other stakeholders in the regulatory network but also to improve communication between 
assessors and decision makers. 
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ANNEX 3_QUESTIONNAIRE 1

1. INTRODUCTION

In this phase of the survey you will base your responses on the pdf file sent to you 
via email. The information in the attached file is drawn from real life and the aim is 
to recreate a drug assessment procedure. We have identified several drug attributes 
taken from EPAR’s, clinical assessment reports, and EMA guidance documents. The 
attributes represent data generally used to judge a drug and are presented within categories, 
e.g., the Pharmacodynamic/Pharmacokinetic category has 15 attributes beginning with 
Mechanism of Action. 

***** PDF File for Oncology Case Study*****
***** PDF File for Cardiovascular Case Study*****

***** PDF File for CNS Case Study*****

2. PHARMACODYNAMIC AND PHARMACOKINETIC ATTRIBUTES

1. Using the data in the attached document, please classify the following attributes as 
either a favourable or unfavourable (please tick all that apply).

Mechanism of action
Favourable 

effect
Unfavourable

effect

Uncertainty 
of favourable 

effect

Uncertainty of 
unfavourable 

effect

Don’t 
know/ Not 
applicable

Assay validation     

Dose-response effect  
(single and multiply dose)

    

Dose proportionality  
(dose/concentration/efficacy)

    

Results of in vivo/in vitro studies     

PD interactions     

PD in special populations     

Time dependency     

Absorption     

Bioavailability     

Distribution (serum, tissue 
concentrations)
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Mechanism of action
Favourable 

effect
Unfavourable

effect

Uncertainty 
of favourable 

effect

Uncertainty of 
unfavourable 

effect

Don’t 
know/ Not 
applicable

Elimination half-life     

Metabolism     

Excretion     

PK interactions     

PK in special populations     

2. Are there other attributes you consider important which are not included in the list 
above? (200 characters maximum)

Favourable effect
Unfavourable

effect
Uncertainty of 

favourable effect
Uncertainty of 

unfavourable effect

Other

Other

Other

3. For the Pharmaco-dynamic/Pharmaco-kinetic section, please distribute 100 points 
among the attributes of the drug.

Weight 

Acute toxicity (single dose, repeat dose)

Chronic toxicity

Carcinogenicity

Genotoxicity

Acute clinical effects

Immune system response

Reproductive toxicity

Effects due to route of administration

Toxicokinetics (single dose, repeat dose)

Ecotoxicity
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3. TOXICOLOGY ATTRIBUTES

4. Using the data in the attached document, please classify the following attributes as 
either a favourable or unfavourable (Please tick all that apply)

Acute toxicity 
(single dose, 
repeat dose)

Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Chronic toxicity Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Carcinogenicity Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Genotoxicity Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Acute clinical 
effects

Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Immune system 
response

Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Reproductive 
toxicity

Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Effects due 
to route of 
administration

Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Toxicokinetics 
(single dose, 
repeat dose)

Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable



Ecotoxicity Favourable 
effect


Unfavourable 
Effect


Uncertainty of 
favourable effect



Uncertainty of 
unfavourable effect



Don’t know/ 
Not applicable
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5. Are there other attributes your consider important which are not included in the list 
above? (200 characters maximum)

Favourable effect
Unfavourable

effect
Uncertainty of 

favourable effect
Uncertainty of 

unfavourable effect

Other

Other

Other

6. For the Toxicology section please distribute 100 points to indicate the level of 
importance.

Weight

Acute toxicity (single dose, repeat dose)

Chronic toxicity

Carcinogenicity

Genotoxicity

Acute clinical effects

Immune system response

Reproductive toxicity

Effects due to route of administration

Toxicokinetics (single dose, repeat dose)

Ecotoxicity

Other 1

Other 2

Other 3
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4. EFFICACY ATTRIBUTES

7. Using the data in the attached document, please classify the following attributes as 
either a favourable or unfavourable (Please tick all that apply)

Favourable 
effect

Unfavourable
effect

Uncertainty 
of favourable 

effect

Uncertainty of 
unfavourable 

effect

Don’t 
know/ Not 
applicable

Clinical relevance of primary 
endpoint.

    

Efficacy versus comparator 
(primary endpoint)

    

Efficacy versus comparator 
(secondary endpoint)

    

Efficacy among subgroups 
for primary and secondary 
endpoints

    

Efficacy versus other licensed 
products for same indication

    

Efficacy for QOL outcomes     

8. Are there other attributes you consider important which are not included in the list 
above? (200 characters maximum)

Favourable effect
Unfavourable

effect
Uncertainty of 

favourable effect
Uncertainty of 

unfavourable effect

Other

Other

Other
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9. For the efficacy section please distribute 100 points among the attributes to indicate 
the level of importance.

Weight

Clinical relevance of primary endpoint.

Efficacy versus comparator (primary endpoint)

Efficacy versus comparator (secondary endpoint)

Efficacy among subgroups for primary and secondary endpoints

Efficacy versus other licensed products for same indication

Efficacy for QOL outcomes

Other 1

Other 2

Other 3

5. SAFETY ATTRIBUTES

10. Using the data in the attached document, please classify attributes as either a 
favourable or unfavourable. (Please tick all that apply)

Favourable 
effect

Unfavourable 
effect

Uncertainty 
of favourable 

effect

Uncertainty of 
unfavourable 

effect

Don’t 
know/ Not 
applicable

Overall incidence of treatment 
related effects (morbidity)

    

Overall incidence of treatment 
related effects (mortality)

    

Withdrawal effects of product     

Immune system response to 
product

    

Withdrawal from study due to AEs     

Drug-drug interactions     

Drug-food interactions     

Incidence of treatment related 
effects by special populations 
(comed, co morbid disease, dose)
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11. Are there other attributes you consider important which are not included in the list 
above? (200 characters maximum)

Favourable effect
Unfavourable

effect
Uncertainty of 

favourable effect
Uncertainty of 

unfavourable effect

Other

Other

Other

12. For the Safety section please distribute 100 points among the attributes to indicate 
the level of importance.

Weight

Overall incidence if treatment related effects (morbidity)

Overall incidence if treatment related effects (mortality)

Withdrawal effects of product

Immune system response to product

Withdrawal from study due to AEs

Drug-drug interactions

Drug-food interactions

Incidence of treatment related effects by special 
populations (comed, comorbid disease, dose)

Other 1

Other 2

Other 3
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6. STUDY QUALITY ATTRIBUTES

13. Using the data in the attached document, please classify attributes as either a 
favourable or unfavourable. (Please tick all that apply)

Favourable 
effect

Unfavourable
effect

Uncertainty 
of favourable 

effect

Uncertainty of 
unfavourable 

effect

Don’t 
know/ Not 
applicable

Patient inclusion criteria     

Pivotal trial duration     

Randomisation and blinding     

Robustness of study(ies)     

Deviations and effect on data     

Robustness of study measurements     

14. Are there other attributes you consider important which are not included in the list 
above? (200 characters maximum) 

Favourable effect
Unfavourable

effect
Uncertainty of 

favourable effect
Uncertainty of 

unfavourable effect

Other

Other

Other

15. For the Study Quality section please distribute 100 points among the attributes to 
indicate the level of importance.

Weight

Patient inclusion criteria

Pivotal trial duration

Randomisation and blinding

Robustness of study(ies)

Deviations and effect on data

Robustness of study measurements

Other 1

Other 2

Other 3
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7. BENEFIT ASSESSMENT

Please review the attached document and indicate, using a scale of 1 to 5, the level of 
benefit you believe patents will receive from this product.

16. How beneficial do you think this product is for patients?

1 5 3 4 5

Not at all beneficial Somewhat 
beneficial

Neither beneficial 
or not beneficial

Beneficial Extremely 
beneficial

17.  What are the 3 main benefits patients will derive from the use of this product?

Benefit 1

Benefit 2

Benefit 3
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8. RISK ASSESSMENT

Based on the data you have been given in the attached document, please indicate using a 
scale of 1 to 5, the level of risk you believe patients will be exposed to form this product.

18.  How risky do you think this product is for patients? 

1 5 3 4 5

Not at all risky Somewhat risky Neither risky or 
not risky

Risky Extremely risky

19.  What are the 3 main risks patients are exposed to with this product?

Risk 1

Risk 2

Risk 3

Thank you

Thank you for participating in this survey. Your responses are very important and will 
be kept confidential. Please click ‘YES’ to lock the questionnaire or ‘NO’ to return and 
edit your responses.
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ANNEX 3_GRAPHSAnnex 3_GRAPHS 
 

 

 

  

Figure 8. Mechnism of action 
Figure 8. Mechnism of action
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Figure 9.  PK in special populations 
Figure 9.  PK in special populations 

 

  

Figure 10. Assay Validation Figure 10. Assay Validation
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Figure 11. Dose-response effect (single and multiple dose) 

 

 

 

 

Figure 12. Dose proportionality (dose/concentration/efficacy) 

Figure 11. Dose-response effect (single and multiple dose)

Figure 12. Dose proportionality (dose/concentration/efficacy)
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Figure 13. Results of in vivo/in vitro studies 

 

 

  

Figure 14. PD interactions 

Figure 13. Results of in vivo/in vitro studies

Figure 14. PD interactions
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Figure 15. PD in special populations 

 

 

 

  

Figure 16. Time Dependency 

Figure 15. PD in special populations

Figure 16. Time Dependency
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Figure 17. Absorption 

 

 

  

Figure 18. Bioavailability 

Figure 17. Absorption

Figure 18. Bioavailability
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Figure 19. Distribution (serum, tissue concentrations)  

 

  

Figure 20. Elimination of halflife 

Figure 19. Distribution (serum, tissue concentrations) 

Figure 20. Elimination of halflife
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Figure 21. Metabolism 

 

 

  

Figure 22. Excretion 

Figure 21. Metabolism

Figure 22. Excretion
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Figure 23. PK interactions 

 

 

  

Figure 24.  Acute toxicity (single dose, repeat dose) 

Figure 23. PK interactions

Figure 24.  Acute toxicity (single dose, repeat dose)
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Figure 25.  Chronic toxicity 

 

 

  

Figure 26. Carcinogenicity 

Figure 25.  Chronic toxicity

Figure 26. Carcinogenicity
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Figure 27. Genotoxicity 

 

 

  

Figure 28. Acute clinical effects 

Figure 27. Genotoxicity

Figure 28. Acute clinical effects
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Figure 29. Immune system response 

 

 

  

Figure 30. Reproductive toxicity 

Figure 29. Immune system response

Figure 30. Reproductive toxicity
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Figure 31. Effects due to route of administration Figure 31. Effects due to route of administration

Figure 32. Toxicokinetics (single dose, repeat dose)

 

 

  

Figure 32. Toxicokinetics (single dose, repeat dose) 
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Figure 34. Clinical relevance of primary endpoint 

 

 

  

Figure 33. Ecotoxicity 
Figure 33. Ecotoxicity

Figure 34. Clinical relevance of primary endpoint



141

2.3

ASSESSING IM
PORTANCE OF BENEFITS AND RISKS IN A CLINICAL DOSSIER

 

 

  

Figure 35. Efficacy versus comparator (primary endpoint) Figure 35. Efficacy versus comparator (primary endpoint)
 

 

  

Figure 36. Efficacy versus comparator (secondary endpoint) 
Figure 36. Efficacy versus comparator (secondary endpoint)
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Figure 38. Efficacy for QOL outcomes 

 

 

  

Figure 37. Efficacy of subgroup analysis for primary and secondary endpoints 

Figure 38. Efficacy for QOL outcomes

Figure 37. Efficacy of subgroup analysis for primary and secondary endpoints
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Figure 39. Overall incidence for treatment related effects (morbidity) Figure 39. Overall incidence for treatment related effects (morbidity)

 

 

  

Figure 40. Overall incidence of treatment related events (mortality) Figure 40. Overall incidence of treatment related events (mortality)



144

2.3

ASSESSING IM
PORTANCE OF BENEFITS AND RISKS IN A CLINICAL DOSSIER

 

  

Figure 42. Immune system response to product 

 

 

  

Figure 41. Withdrawal effects of product 

Figure 42. Immune system response to product

Figure 41. Withdrawal effects of product
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Figure 43. Withdrawal due to AEs Figure 43. Withdrawal due to AEs

 

 

  

Figure 44. Drug-drug interactions 
Figure 44. Drug-drug interactions
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Figure 46. Incidence of treatment related effects by special populations 

 

 

  

Figure 45. Drug-food interactions 

Figure 46. Incidence of treatment related effects by special populations

Figure 45. Drug-food interactions
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ABSTRACT

Preliminary research results with drug regulators in several European Agencies show 
that quantitative models developed with groups of assessors and specialists can integrate 
scientific data with expert value judgements, thereby extending the capabilities of 
regulators, and stimulating new insights about key trade-offs. As a result, the rationale 
for the benefit–risk balance becomes more transparent, communicable and consistent.
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INTRODUCTION

In January 2009 the European Medicines Agency (EMA), in response to a report [1] from 
their Committee for Medicinal Products for Human Use (CHMP) on ways to improve 
the transparency, consistency and communicability of regulatory decisions about the 
benefit–risk balance of drugs, established a three-year research project that is beginning 
to answer the questions in the title of this article. Specifically, the project aims ‘to develop 
and test tools and processes for balancing multiple benefits and risks as an aid to informed 
regulatory decisions about medicinal products’ [2].

We began the project by studying current assessment and decision-making processes in 
the six regulatory agencies that sponsor the project: France, Netherlands, Spain, Sweden, 
United Kingdom, Paul Ehrlich Institute in Frankfurt, as well as the CHMP, which makes 
the final recommendation about a medicinal product to the European Commission. 
In the second phase, we searched the literature for current tools and methods that can 
balance benefits and risks, and assessed their applicability as an aid to regulatory decision-
making. The third phase, ongoing at this writing, is a field test of tools and methods that 
emerged from the second phase. It is planned to engage in the fourth phase, to develop 
useful tools and methods, and in phase five, to provide training modules for assessors. 
This report summarises findings from the first three phases and preliminary results 
from the third phase.

How EU regulatory agencies work
We visited each of the six sponsoring agencies for two or three days, and attended several 
meetings to see how agency processes worked in practice. We interviewed 55 agency staff, 
usually individually though in two cases a small group. The interview protocol covered 
a wide range of topics including the agency’s history, purpose and structure; the flow of 
information for considering a new medicinal product; the meaning of benefits and risks; 
and the benefit–risk assessment process.

All six agencies operate as independent bodies, free of political or commercial pressures. 
Their organisation structures vary considerably, some more centralised, others more 
dispersed, and their structure affects the benefit–risk assessment process. The structure 
of the centralised approval process operated by the EMA is shown in Fig. 1. It is apparent 
that quantitative modelling could occur in any or all of three locations: the CHMP, the 
Agency of the Rapporteur and the Agency of the Co-Rapporteur.

We discovered that no agency, and as far as we know from discussions with our North 
American colleagues, no agency anywhere, employs quantitative modelling to assist in the 
process of transforming the mass of data in an application (up to 10 GB or more) usually 
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to a simple ‘Yes’ or ‘No’. Currently, it is only extensive discussions, one-on-one exchanges 
and discourse in groups that affects this transformation. Research in group processes 
suggests that biases are inevitable, though at least the EMA’s approach helps to minimise 
effects of ‘group-think’, the finding by Janis and Mann [3] in American foreign policy 
decisions of ‘a deterioration of mental effi- ciency, reality testing and moral judgment 
that results from in-group pressures’. They specifically recommended that peer review 
and establishing other groups to work on the same issues help to minimise group-think 
bias. Both features are characteristic of the centralised procedure in the EU.

The 10 GB dossier has to be broken apart into smaller pieces, with experts about quality, 
safety, efficacy and other considerations providing judgements about the data relevant 
to the pieces, and clinical assessments of the relevance of the pieces. Somehow, all those 
pieces have to be reassembled into an overall benefit–risk assessment, but behavioural 
decision theory research suggests that people are limited in their ability to integrate 
multiple pieces  [4], particularly when the data conflict. A possible solution to this problem 
is to aggregate the pieces with computers [5], but to do that the computer must rely on a 
rational model for combining the pieces, a topic we touch on later.

The questions to our interviewees about the meaning of ‘benefit’ and ‘risk’ elicited many 
diverse responses, with reasonable agreement about ‘benefit as providing a clinically 
meaningful improvement.  The definitions offered extended well beyond the traditional 
view of efficacy to include effectiveness. We received more than 50 definitions of ‘risk’, 
many of them conflicting. If quantitative modelling is to be effective, then agreement 
must be reached about meaning, so we turned to decision theory [6], which provides a 
clear separation between consequences and their value on the one hand, and uncertainty 
about the consequences on the other. We proposed to the EMA a conceptualisation that 
captured this distinction, as shown in Table 1, which was adopted and incorporated into 
the relevant template and guidance documents for the writing of CHMP assessment 
reports since September 2009 (Last update September 2010 [7].)

A review of recent assessment reports shows an improvement in explaining benefit–
risk assessments.
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Table 1. In the October 2010 EMA Guidance Document for the Day 80 Assessment Report, 
assessors are asked to describe the favourable effects of the medicinal product and to describe 
the main sources of uncertainty about those effects, then to describe unfavourable effects 
and uncertainties in the safety profile. Assessors then describe if favourable effects with their 
uncertainties outweigh the unfavourable effects with their uncertainties

Favourable effects Uncertainty of favourable effects

Unfavourable effects     Uncertainty of unfavourable effects

METHODS AND APPROACH REVIEW

A comprehensive review of benefit–risk methods and approaches [8], guided by criteria of 
logical soundness, comprehensiveness, acceptability of results, practicality and usefulness, 
led us to conclude that a consistent framework is required for the development of a 
quantitative model. Indeed, the framework itself may be sufficient for simpler benefit–risk 
decisions. We proposed an eight-step generic framework, first developed by Hammond 
et al. [9], applied to health care by Hunink et al. [10] and more recently by Lim [11], as 
shown in Table 2.

We found that decision theory provides the most comprehensive approach to quantitative 
modelling [12]. It enables all types of favourable and unfavourable effects to be repre- 
sented as quantified utilities or values, which relate measur- able effects to their clinical 
relevance. The uncertainties of realising those effects can be captured as probabilities 
derived from prevalence and incidence data. Multiplying the utilities or values by the 
probabilities, as prescribed by expected utility theory, provides an index for relative 
comparisons. Multiple effects can be combined by applying multi-criteria decision 
analysis [13,14], in which utilities of separate effects are weighted so that the units of 
utility or value are equated across all the effects, favourable and unfavourable. In short, 
just two simple combination rules, expected utility (value) and weighted utility (value), are 
sufficient to make an overall comparison of benefits with risks. The resulting comparison 
accommodates all relevant measured data, uncertainty about the effects and judgements 
about the clinical relevance of all effects.

We saw a role for five other approaches to supplement the decision-theory models: 
probabilistic simulation when the focus is on uncertainty of effects [15], Markov processes 
[16] and Kaplan–Meier estimators [17] for changes in health states over time, QALYS [18] 
for modelling multiple health out- comes, and conjoint analysis [19] to explicate trade-offs 
among effects, especially for eliciting patients’ preferences. Combinations of these models 
with decision theory proved to be effective when, in the summer of 2010, four master’s 
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degree students at the London School of Economics and Political Science completed their 
degree courses with a three-month-long benefit–risk modelling project at the EMA. The 
students, who knew little or nothing about pharmaceuticals or drug regulation at the 
start of their projects, were given public information (mainly EPARs – European Public 
Assessment Reports) about 14 drugs that covered a wide range of therapeutic areas. Some 
drugs had been approved, others had not, and some had been approved initially but 
subsequently withdrawn. The students were asked to quantify the benefit–risk trade-off 
using any model for any drug – their choices (though the drugs chosen had to be different 
for each student). As two students were studying operational research, and two decision 
sciences, this gave considerable scope for using different models. MCDA was applied in 
three cases, coupled with simulation for two drugs and with the expected utility rule in 
the third case, while a decision tree with a Markov model was used in the fourth case. 
The experience of modelling previous cases demon- strated the viability of quantitative 
modelling, showed the value of combining methods and helped us to prepare for the 
next stage of the project.

Table 2. The eight-step PrOACT-URL model applied to benefit–risk assessment of medicinal 
products

PrOBLEM
Determine the nature of the problem and its context. Frame the problem.

OBJECTIVES
Establish objectives that indicate the overall purposes to be achieved and identify criteria of favourable 
and unfavourable effects

ALTERNATIVES
Identify the options to be evaluated against the criteria.

CONSEQUENCES
Describe how the alternatives perform for each of the criteria, that is, the magnitudes of all effects, and 
their desirability or severity, and the incidence of all effects.

TRADE-OFFS
Assess the balance between favourable and unfavourable effects.
At this point, only issues concerning the favourable and unfavourable effects, and their balance, have 
been considered.
The next three steps are relevant in considering how the benefit–risk balance is affected by taking account 
of uncertainties. 

UNCERTAINTY 
Assess the uncertainty associated with the favourable and unfavourable effects. Consider how the balance 
between favourable and unfavourable effects is affected by uncertainty.

RISK TOLERANCE
Judge the relative importance of the decision maker’s risk attitude for this product and indicate how this 
affected the balance reported in step 5.

LINKED DECISIONS
Consider the consistency of this decision with similar past decisions, and assess whether taking this 
decision could impact future decisions.
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Field tests of benefit–risk models
Late in 2010 and early in 2011 we completed modelling for a small number of new drugs 
whose applications are being processed through the EMA and CHMP at this writing. 
In each case, we worked with a small team of up to five key players, always including at 
least two clinical assessors. We conducted each session as a decision conference [20], a 
facilitated workshop in which the model is constructed on- the-spot and projected the 
whole time so that participants can see it being built, thus helping them to peer review 
each stage of inputting data and clinical judgements, exploring the effects of imprecision 
in the data and differences of opinion and seeing how the benefit–risk balance changes 
under different scenarios. An informal agenda, like that shown in Table 2, guided the 
process, which we completed in each case within six hours or less.

The drugs to be modelled were chosen by the agencies, depending on the schedules of 
participants in the decision conferences. In every case, data came from an assessment 
report that was either in draft or in final form. Numerical judgements about the clinical 
relevance of the data were generated during the decision conferences through discussions 
among the participants.

The drug Acomplia (rimonabant), the drug chosen by the student who combined MCDA 
with the expected utility rule, provides an illustration. It was approved by the EU for 
obesity in June 2006 [21]. The model structure, shown in Fig. 2, consists of one favourable 
effect and five unfavourable effects. The concave value function, provided by an expert 
role- playing an assessor, shows how input data are converted to preference values. 
Weights for the unfavourable effects were judged in role-playing by experts who compared 
the difference between the presence of the effect (preference value of zero) and its absence 
(preference value of 100). Depression was judged to be the most severe, so was assigned 
a weight of 100. The remaining weights were judged compared to Depression’s weight of 
100, as ratios. For example, Irritability and Nervousness was judged to be one-quarter 
as serious as Depression so was given a weight of 25. If degrees of any or all of the 
unfavourable effects had been measured, then the clinical relevance of the scale ranges 
would have been com- pared. Using these pre-defined scales allows weights to be assigned 
to all scales even before data about the options are considered.

The weights of 50 and 100 on the two branches from the FE/UFE (Favourable Effects/
Unfavourable Effects) Balance node were determined by comparing the clinical relevance 
of two differences: the importance of the range on the weight- loss scale, 0–15% versus 
the presence of all five unfavourable effects rather than their absence. Relatively speaking, 
the weight-loss difference of 15% was considered half as important as the collective 
seriousness of 
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all the unfavourable effects. When there is more than one favourable effect weighting 
is achieved more easily by a bottom-up approach: comparing just the range on the 
most heavily weighted favourable effect with the range on the most heavily weighted 
unfavourable effect, after weights have been assessed within those two categories of criteria.

 

Following the selection of the relevant data and entering it into the computer, the 
program applied the expected utility and weighted utility rules to calculate overall 
scores: 85 for Acomplia compared to the placebo’s 71. Figure 3 shows those results 
in detail. The top weight-loss portions of the stacked bar graphs show a clear 
superiority of the drug. But all the portions representing unfavourable effects are 
about the same for drug and placebo, with a slight edge to the drug because the 
incidence of side effects was slightly less (fewer unfavourable effects equates to 
more preference). Note that the overall preference value of the ideal drug would be 
100: 15% weight loss and no side effects, gaining preference values of 100 on all 
six criteria. A diabolical drug, no favourable effects and all side effects would show 
an overall preference value of zero. Acomplia was withdrawn by the EMA in 
January 2009 because the drug was being used for shorter times than in the 
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Figure 2. The value tree for rimonabant. Weight Loss is the only favourable effect, with a concave value function linking Percentage Weight Loss
(horizontal axis, range from 0 to 15%) with the preference value of that loss (vertical axis, 0–100). Five unfavourable effects are shown: Anxiety,
Insomnia and Sleep Disorders, Mood Alteration and Depressive Symptoms, Depressive Disorders, and Irritability and Nervousness. Numbers in
square rectangles are weights indicating relative clinical relevance, for example, Depression judged to be four times as relevant as Irritability and
Nervousness; presence of all fi unfavourable effects judged to be twice as relevant as a 15% weight loss. The observed 6.5% mean weight loss in the
clinical study is transformed by the value function into a preference value of 63. Similar value functions convert incidence data for the unfavourable
effects into preference values. Multiplying the weights on each branch and normalising the products so they sum to 100 allows weighted values to be
calculated, resulting in an overall preference value of 85 for rimonabant. Data for the placebo (e.g. the observed 1.6% mean weight loss gives a
preference value of 17.6) result in an overall preference value of 71. 

Figure 2. The value tree for rimonabant. Weight Loss is the only favourable effect, with a concave 
value function linking Percentage Weight Loss (horizontal axis, range from 0 to 15%) with the 
preference value of that loss (vertical axis, 0–100). Five unfavourable effects are shown: Anxiety, 
Insomnia and Sleep Disorders, Mood Alteration and Depressive Symptoms, Depressive Disorders, 
and Irritability and Nervousness. Numbers in square rectangles are weights indicating relative 
clinical relevance, for example, Depression judged to be four times as relevant as Irritability 
and Nervousness; presence of all fi unfavourable effects judged to be twice as relevant as a 15% 
weight loss. The observed 6.5% mean weight loss in the clinical study is transformed by the 
value function into a preference value of 63. Similar value functions convert incidence data for 
the unfavourable effects into preference values. Multiplying the weights on each branch and 
normalising the products so they sum to 100 allows weighted values to be calculated, resulting 
in an overall preference value of 85 for rimonabant. Data for the placebo (e.g. the observed 1.6% 
mean weight loss gives a preference value of 17.6) result in an overall preference value of 71.
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Two separate processes are at work here, scoring and weighting. Scoring transforms all 
input data, whatever the metrics, into preference values via linear or non-linear, direct 
or inverse, value functions. Weighting equates the units of preference value across all 
scales. As an analogy, both Celsius and Fahrenheit temperature scales include portions 
that extend from 0 to 100 degrees. However, although the ranges of the numbers are the 
same, the ranges of temperature that those numbers represent are not; it takes five Celsius 
units to equal 9 Fahrenheit units. In like manner, the weights on the ranges of preference 
values equate a unit of clinical relevance on one scale with that on another.

Following the selection of the relevant data and entering it into the computer, the program 
applied the expected utility and weighted utility rules to calculate overall scores: 85 for 
Acomplia compared to the placebo’s 71. Figure 3 shows those results in detail. The top 
weight-loss portions of the stacked bar graphs show a clear superiority of the drug. But all 
the portions representing unfavourable effects are about the same for drug and placebo, 
with a slight edge to the drug because the incidence of side effects was slightly less (fewer 
unfavourable effects equates to more preference). Note that the overall preference value of 
the ideal drug would be 100: 15% weight loss and no side effects, gaining preference values 
of 100 on all six criteria. A diabolical drug, no favourable effects and all side effects would 
show an overall preference value of zero. Acomplia was withdrawn by the EMA in January 
2009 because the drug was being used for shorter times than in the clinical studies, thereby 
reducing its clinical benefit. In addition, adverse psychiatric events, depression, anxiety 
and sleep disorders were ‘considered as more serious concern compared to the time of 
approval’ [22]. Lacking concrete data, we examined a hypothetical scenario in which the 
weight-loss effect was halved, and the incidences of all unfavourable effects were doubled. 
All these changes could be accommodated within the ranges established for all scales, so 
no change in weights was required. The result was to reduce the overall preference value of 
Acomplia from 85 to 72, just one point higher than the placebo. The differences on all the 
effects can be seen more clearly in Fig. 4 than in stacked bar graphs. The right-extending 
bar shows Acomplia’s lead over the placebo for its weight-loss effect, but the sum of the left- 
extending bars nearly balances that lead, giving the 1-point difference in favour of the drug.

The ability to explore in a quantitative model the effects on the overall benefit balance of 
uncertainties in the data, differences of opinion and possible future scenarios has been 
recognised by the participants in our models developed for the five European Agencies. 
We issued to each participant a 20-item questionnaire before and after every decision 
conference. Each item was a statement about a different aspect of the process of assessing 
the benefit balance of a drug, accompanied by a seven-point scale on which the participant 
could  mark  the  extent  of  their  agreement  or disagreement. At the start, participants 
were asked to mark the scales to show how they currently work or contribute to an 
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clinical studies, thereby reducing its clinical benefit. In addition, adverse 
psychiatric events, depression, anxiety and sleep disorders were ‘considered as 
more serious concern compared to the time of approval’ [22]. Lacking concrete 
data, we examined a hypothetical scenario in which the weight-loss effect was 
halved, and the incidences of all unfavourable effects were doubled. All these 
changes could be accommodated within the ranges established for all scales, so no 
change in weights was required. The result was to reduce the overall preference 
value of Acomplia from 85 to 72, just one point higher than the placebo. The 
differences on all the effects can be seen more clearly in Fig. 4 than in stacked bar
graphs. The right-extending bar shows Acomplia’s lead over the placebo for its 
weight-loss effect, but the sum of the left- extending bars nearly balances that lead, 
giving the 1-point difference in favour of the drug. 
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Figure 3. Overall preference values for rimonabant and the placebo shown as stacked bar graphs. The sections of each bar graph show the 
weighted preference values for each criterion: longer sections indicate better favourable effects, and lesser unfavourable effects (infrequent 
and less serious).Figure 3. Overall preference values for rimonabant and the placebo shown as stacked bar 

graphs. The sections of each bar graph show the weighted preference values for each criterion: 
longer sections indicate better favourable effects, and lesser unfavourable effects (infrequent 
and less serious).

assessment report. At the end, they were asked to ‘reflect on the modelling session you 
have just experienced and on how it has impacted the way you can evaluate favourable 
and unfavourable effects and deal with uncertainty when working on an assessment 
report’, and then to mark the rating scales.

Of the 20 scales, the median number of scales marked higher at the end of the decision 
conference over all the 19 participants who completed both questionnaires was 14. There 
was no consistency in which ones were marked lower. Indeed, for all 20 questions, the 
sizes of the positive changes balanced the sizes of the negative changes, so that the overall 
average change score (over respondents) was positive (1.12). The six highest differences, 
and their average change scores in parentheses, were that the modelling process.
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1. can easily test different perspectives for their impact on the results (2.95),
2. helps us explore how the overall balance is affected by a reduction or increase in 

uncertainty (2.47),
3. helps me to see the impact of uncertainties on the benefit– risk balance (1.84),
4. has an overt and clear structure (1.42),
5. helps us combine data about value and uncertainty into an overall balance between 

favourable and unfavourable events (1.42) and
6. helps us make our assumptions, multiple objectives and trade-offs  explicit  (1.37).

The four questions that yielded the lowest average changes all reflected the perceived 
adequacy of current levels of working. For example, the smallest average change (0.37) was 
given to the statement ‘Can accommodate value judgements (e.g. how clinically relevant is 
a given endpoint?; how bad is a given side effect?)’ Presumably, if we had asked ‘Can make 
value judgements explicit? . . .’ a higher difference would have been observed, since clinical 
relevance and judgements of seriousness are quantified with value functions and weights.

Figure 4. Rimonabant compared to the placebo for a scenario in which the weight-reducing 
effect is halved, and the incidences of unfavourable effects are doubled. The drug shows a 
reduced 5.9-point lead over the placebo for weight loss, but now the difference in unfavourable 
effects, cumulatively, sum to -4.9, for a net difference of only 1.0.
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Figure 4. Rimonabant compared to the placebo for a scenario in which the weight-reducing effect is halved, and the incidences of unfavourable effects are
doubled. The drug shows a reduced 5.9-point lead over the placebo for weight loss, but now the difference in unfavourable effects, cumulatively, sum to -4.9, for
a net difference of only 1.0. 
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make value judgements explicit . . .’ a higher difference 
would have been observed, since clinical relevance and 
judgements of seriousness are quantifi with value func- 
tions and weights. 

 
 

Conclusions
So, is quantitative benefit–risk modelling of drugs desirable or 
possible? The answer surely depends on how well that assess- 
ment is currently done. We pointed out in the ‘Introduction’ 
section that the EMA believes that improvements are needed 
for transparency, communication and consistency [1]. We 
have shown that the ability of decision-theory modelling to 
accommodate any form of data and to make explicit asses- 
sors’ judgements of clinical relevance in the form of value 
functions and criterion weights should improve all three 
elements above, and provide a mechanism for exploring 
the effects of patients’ judgements on the benefit–risk bal- 
ance. 

Various workshops and seminars sponsored by the CMR 
International Institute for Regulatory Science [23–26] show 
progress in making the assessment process more open and 
transparent. Mussen et al. [27,28] proposed a framework and 
methodology based on MCDA, and Felli et al. [29] have 
provided an example with Lilly’s BRAM model. Recent work 
by the BRAT group in developing a framework for selecting, 
organizing, summarizing and interpreting data may help to 
make the assessment process more explicit and less intuitive 
[30,31]. This work, combined with that of the EMA’s Benefit- 
Risk Project, shows that quantitative benefit–risk modelling is 
possible. 

But is it desirable? The answer will require experience in 
transferring the technology to regulatory authorities. That 
transfer requires attention to three ingredients: frameworks, 
models and collaborative working in groups. Frameworks 
provide structure to thinking and debate; quantitative mod- 
els assist the difficult process of combining substantial 
amounts of uncertain scientific data with expert value judge- 

 
ments, enabling extensive exploration of the benefit–risk 
balance; and group work ensures the representation of all 
relevant perspectives in a context of peer review. Together, 
these ingredients can release the capability of individuals and 
groups to make rational decisions about drugs. Effective 
technology transfer could establish the desirability of bene- 
fit–risk modelling, which is not about providing a single ‘best’ 
answer. It is about exploring better and worse answers, which 
will assist regulators in making final recommendations. 
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CONCLUSIONS

So, is quantitative benefit–risk modelling of drugs desirable or possible? The answer 
surely depends on how well that assessment is currently done. We pointed out in 
the ‘Introduction’ section that the EMA believes that improvements are needed for 
transparency, communication and consistency [1]. We have shown that the ability of 
decision-theory modelling to accommodate any form of data and to make explicit 
assessors’ judgements of clinical relevance in the form of value functions and criterion 
weights should improve all three elements above, and provide a mechanism for exploring 
the effects of patients’ judgements on the benefit–risk balance.

Various workshops and seminars sponsored by the CMR International Institute for 
Regulatory Science [23–26] show progress in making the assessment process more open 
and transparent. Mussen et al. [27,28] proposed a framework and methodology based 
on MCDA, and Felli et al. [29] have provided an example with Lilly’s BRAM model. 
Recent work by the BRAT group in developing a framework for selecting, organizing, 
summarizing and interpreting data may help to make the assessment process more 
explicit and less intuitive [30,31]. This work, combined with that of the EMA’s Benefit- 
Risk Project, shows that quantitative benefit–risk modelling is possible.

But is it desirable? The answer will require experience in transferring the technology to 
regulatory authorities. That transfer requires attention to three ingredients: frameworks, 
models and collaborative working in groups. Frameworks provide structure to thinking 
and debate; quantitative models assist the difficult process of combining substantial 
amounts of uncertain scientific data with expert value judgements, enabling extensive 
exploration of the benefit–risk balance; and group work ensures the representation of all 
relevant perspectives in a context of peer review. Together, these ingredients can release 
the capability of individuals and groups to make rational decisions about drugs. Effective 
technology transfer could establish the desirability of benefit–risk modelling, which is 
not about providing a single ‘best’ answer. It is about exploring better and worse answers, 
which will assist regulators in making final recommendations.
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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.
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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 
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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
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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 

100

80

0

20

40

60

80

100

0 2,1

%
 p

re
fe

rr
in

g 
 T

ys
ab

ri 
to

 R
eb

if 
44

Number of PML cases per 1000 patients

patients



212

4.2

VALUES JUDGEM
ENTS AM

ONG EUROPEAN REGULATORS AND PATIENTS

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
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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.

____________________________________________ 



240

4.2

VALUES JUDGEM
ENTS AM

ONG EUROPEAN REGULATORS AND PATIENTS

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



244

4.2

VALUES JUDGEM
ENTS AM

ONG EUROPEAN REGULATORS AND PATIENTS

 � 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.







If we know all our numbers are likely to be crude, and behave that way, we may even
behave sensibly. At least we will have an escape route to follow when we discover we have
made a wrong decision. If our numbers are too firm, or if we believe they are firm when they
are not, I am afraid we may bully ourselves into doing bad things, efficiently.

Marvin A. Schniederman, 1980
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GENERAL DISCUSSION 

The aspiration to have reflective and consequently democratic institutions of science 
as outlined by Beck, Wynne and others has not been realized. After two decades of 
advocating the need for such a model to govern interactions between scientists and 
laypeople, social scientists are beginning to wonder if they have overpromised on what 
could be delivered [1]. This thesis is based on the premise that such a model is still 
achievable if misconceptions of expert infallibility and non-expert incomprehensibility 
are debunked and new methodologies for supporting such interactions are allowed to 
flourish within our scientific institutions. In the concluding sections below, the results 
of empirical studies conducted among expert and non-expert groups within the field of 
the regulation of medicines are discussed, and an argument is made for creating a more 
transparent and democratic regulatory process.

Descriptive Approaches to Decision Making within the European Medicines Agency: 
Are European Medical Assessors Uni-dimensional or Multi-dimensional Evaluators 
of Risk?

Research in the field of risk perception has promoted an idea that experts focus only on the 
probability of harm and magnitude when evaluating risk, that is, experts are not swayed, 
as are laypeople, by cultural values, emotions or use heuristics when assessing risk [2-4]. 
One of the most voluble critics of this oversimplified approach to the risk perception of 
experts is Sjoberg [5-8]. In his investigation, he critiqued the type of expert used in the early 
studies of Slovic et al. The main thrust of his critique that is, only few experts responded to 
questions of judgement on hazards that were outside their area of expertise and the methods 
used to analyse the qualitative characteristics of the hazards were analysed across hazards 
and not across individuals. In a review of choice experiments conducted between 1959 and 
1986 among ‘experts’ in several fields, Morgan and Henrion concluded that ‘the [limited] 
experimental evidence provides no basis for believing that the problems of cognitive bias that 
can arise in the elicitation of expert subjective judgement are necessarily any less serious than 
those that have been documented with non-expert subjects’. They concluded that ‘until [other] 
studies are performed, one can only proceed with care, simultaneously remembering that 
elicited expert judgements may be seriously flawed, but are often the only game in town’[9].

Four questions regarding the subjectivity of expert judgment were posed at the beginning 
of this thesis: 

•	 Are there benefits or risk dimensions of a drug that predict the risk perception of an 
assessor? 

•	 Do medical assessors have a consistent risk attitude, that is, risk-seeking, risk-neutral 
or risk-averse? 
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•	 Is there a relationship between the risk perception of a drug and individual 
characteristics, such as personality traits or the general risk attitude of an assessor? 

•	 Do medical assessors exhibit congruency in their views of the benefits and risks of 
a drug? 

The first question was evaluated by gathering responses on several rating scales for 
28 types of medicinal products and is reported in Chapter 2.1 The results highlight a 
methodological issue common to risk perception research. The use of broadly defined 
hazards, such as cholesterol products or biotechnology products, does not in our opinion 
provide sufficient information for experts to make a real assessment. However, the results 
do point to some differences in risk perception by gender, professional qualifications (MD, 
PhD, other) and years of regulatory experience. While these differences were not seen 
across all 28 products, it does indicate the need for further exploration of the influence 
of individual characteristics within this group. 

A more targeted evaluation of the factors influencing assessors’ risk perception of 
medicinal products is also reported in Chapter 2.1. In this section of the, the psychometric 
paradigm made famous by Paul Slovic was applied among the assessors and revealed a 
mental map of benefits and risks quite similar to that of laypeople. Using the Principal 
Component Analysis (PCA) methodology, the components seriousness of harm and 
scientific evidence were found to explain 59% of the variability among assessors. The two-
dimensional plot of the components (Figure 5 in Chapter 2.1) shows how the dimensions 
are correlated in the minds of the assessors. When the dread or the worry of the harm 
from patient exposure to the product, the magnitude of the exposure and ethical concerns 
are high, then benefit and risk acceptability is low. Similarly, when the precision of the 
science is high, then issues concerning the newness of the risk are considered low. In a 
regression analysis predicting the risk dimension scores, only the seriousness of harm 
component was a significant predictor of individual risk perception. This is an important 
finding given that ideally, in their role as regulators, the objective data, the precision of 
the science or the lack thereof and the attending uncertainties would be expected to be 
very relevant to how the drug is perceived. 

In order to test our hypothesis of the influence of the assessor’s individual characteristics 
on risk perception, the regression model predicting the risk dimension scores was 
expanded to include gender, years of regulatory experience and the medicinal product 
(Chapter 2.1). Several important points emerge from these results; variability among 
assessors is not only explained by an inverse relationship between benefits and risks but 
also through the interplay of years of regulatory experience, gender and by the context, 
that is, the specific product under review. The interaction terms in the model add to the 
complexity of the relationship between risk perception and individual and situational 
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characteristics, but the following picture seems to emerge. Assessors with five or more 
years of experience are more risk-averse than junior assessors, that is, they reported 
higher risk scores. Female assessors seem to report a lower perception of risks, that is, they 
are less risk-averse than male assessors. However, this result requires further empirical 
evidence as the difference between the genders was only statistically significant for the 
cardiology product.

The hypothesis that assessors may have a predisposition for a particular risk attitude 
was evaluated within the five domains of the Domain-Specific Risk-Taking (DOSPERT) 
scale (Chapter 2.2). A consistent risk attitude across all domains (i.e. seeking, averse or 
neutral) was not observed among the assessors. This is in keeping with other studies 
in which low correlations between risk attitudes in different situations has increased 
awareness that there are situational determinants that may interact with personality 
traits to dictate behaviour [10]. However, with regard to the consistency of the perception 
of risk, the results among the assessors are different than those reported by Weber and 
others where the authors found that laypeople may choose to engage or not engage in 
a type of behaviour but were very consistent in their perceptions of risk [11]. In our 
group of respondents, there was no such consistency in the perceived risk attitude, 
and moreover, the results showed a negative correlation between perception and risk 
attitude in all domains except the social domain. This would indicate that in general 
life, the riskier an activity is perceived to be by assessors, the less likely it is they would 
engage in that activity; that is, their actions with regards to activities is to some degree 
determined by their perceptions. In a comparison between the results of Weber’s study 
and the current results, it would appear that assessors are more sensitive to their risk 
perceptions than laypeople.

In order to complete the picture of the mental map of assessors with regards to benefits 
and risks, Chapter 2.3 measured the degree of consensus within the group for the main 
benefits and risks associated with the drug they were asked to review. A critique of the 
approach used in the European Medicines Agency Benefit Risk (EMA BR) Project in 
Work Package 1 was that the assessors were asked to state generally what was a benefit and 
what was a risk. It is difficult to see how assessors could provide congruent responses when 
asked the question about benefits and risks in such a general way. The benefits and risks 
of a drug are in many cases specific to the drug under review; therefore, an assessment 
of the congruency or incongruence of assessors can only be made if they are reviewing 
the same information. Given the global divergence of opinions on issues such as global 
warming, biodiversity, waste management, nuclear power, sustainable development, 
electromagnetic fields, pharmaceuticals, biotechnology and human genetics, it is clear 
that the appetite for risk differs between experts [12]. The field of risk regulation in 
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medicines is no different. Between 1998 and 2011, there were 60 applications where 
regulators reviewing the same data arrived at divergent conclusions [13]. From 1995 
to 2010, of a sample of 325 non-generic medicinal products approved by the FDA, four 
applications received a negative opinion by the EMA, and 46 applications were withdrawn 
prior to opinion. Conversely, of the 504 products approved by the EMA from 1995 to 
2010, seven had a ‘not approved’ status from the FDA at the time of the EMA opinion [13]. 
One could say that patients in Europe were either protected from the risks or denied the 
benefits of the drug compared to the patients in the US, depending on one’s viewpoint. 
The existence of these divergent viewpoints is again borne out in the results of Chapter 
2.3 in which there was some but not overwhelming consistency among assessors for 
risks and low consistency for the main benefits. It can be argued that the individual 
characteristics (gender, experience, personality traits and risk attitudes) reported in 
Chapter 2.1 and Chapters 2.2 influence the perceptions of the assessors, as is known 
to occur with laypeople, leading to lack of congruency in their perception of both the 
benefits and the risks of a specific drug.

It may be useful to provide some discussion as to the connection between Chapter 
2.1-2.3, that is, the general risk attitude and the observed negative correlation between 
risk perception and risk attitude, along with the results of the ‘mock’ dossier. At first 
glance, general risk attitude does not seem to be a personality trait that is stable or that 
can be used to predict the behaviour of an individual in any situation. The results did 
not show a clear relationship between general risk attitude (seeking, neutral, averse) as 
measured by DOSPERT and judgment on the risk perception of the drug in the mock 
‘dossier’, although there is some evidence that those classified as risk seekers saw the 
drug they reviewed as less risky. However, the results from the DOPSERT scale do show 
that assessors are perceived to be risk-averse. Consequently, in situations where assessors 
perceive a drug to be risky—and it is shown in our results that this perception is mediated 
by personality traits (gender, regulatory experience) but perhaps more so by situational 
factors (medicinal product, dread or worry of the harm and magnitude of the exposure 
and ethical concerns)—they may adopt a perceived risk-averse attitude. This risk-averse 
attitude may in turn be reflected in their discussions with their colleagues, possibly leading 
to a more negative/positive assessment in the Day 80 and subsequent assessment reports.

Prescriptive Approaches to Decision-Making within the European Medicines 
Agency 
Determining the benefit–risk balance of a drug is a complex task and requires the 
evaluations and synthesis of the available evidence based on the data provided by the 
product manufacturer. However, evidence from research in behavioural decision making 
shows that while humans are good at valuing individual items of evidence, they are not 
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as good at synthesizing multiple valuations [14, 15], and in order to simplify complex 
problems there is a reliance on various heuristic methods that can often lead to biases 
in judgments[16, 17]. 

In 2009, based on the findings of an audit identifying ‘poor understanding of how 
regulatory decisions are made’, the EMA in collaboration with the Committee for 
Medicinal Products for Human Use (CHMP), launched a three-year research initiative 
with the aim of improving the consistency, transparency and communication of the 
benefit–risk assessment in CHMP assessment reports. Five (later six) countries sponsored 
the project by providing members to form a steering committee to oversee the deliverables 
of the project [18]. Five (5) work packages (WPs) were planned, of which three have already 
been completed and the relevant reports adopted 1. This thesis was conducted under the 
auspices of the EMA BR Project, and some of the results are reported here.

Chapter 3.1 presents the output of the EMA BR Project at the time of publication, including 
an illustration of a quantitative model, multi-criteria decision analysis (MCDA), applied 
to regulatory decision-making. In answer to the question posed in the chapter title, the 
field studies among the six participating agencies showed that a quantitative approach 
can be used in supporting the drug assessment process; whether it is desirable would 
depend on the agencies gaining additional experience with the concepts inherent to such 
models. At the end of the three-year project, the EMA had adopted the four-fold model 
shown in Table 1, Chapter 3.1 and concluded that the use of a qualitative framework 
such as proposed in Table 2 could be integrated into the current assessment and required 
further exploration. However, the application of an MCDA model, while allowing for 
greater precision of the decision with its focus on eliciting value judgments and weights 
from key decision makers and allowing for sensitivity analysis, was considered to be more 
appropriate in cases of new and complex situations. To date, no MCDA model has been 
used to support a regulatory decision. 

The main drawback of a wider/fuller acceptance of the use of such a model has several 
elements: the continued intractability of the system despite the acknowledgement that 
the process of benefit–risk assessment remains implicit and shrouded in mystery; a 

1 Work Package 1 (Description of the current practice of benefit–risk assessment for centralized 
procedure products in the EU regulatory network; adopted December 2009)
Work Package 2 (Applicability of current tools and processes for regulatory benefit–risk assessment; 
adopted September 2010)
Work Package 3 (Field tests; adopted June 2011)
Work Package 4 (Development of benefit–risk tools and process; in progress)
Work Package 5 (Development of training materials; in progress)
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poor understanding of the methodology, that is, elicited values and weights as inputs 
for the model appear to be ‘too’ subjective and the practical difficulties of conducting a 
decision conference for each new drug application. The EMA and the CHMP have instead 
continued to explore the use of the PROACT-URL framework, with the Effects Table as 
the tangible output. The Effects Table is appealing in that it is a compact presentation of 
salient findings of the clinical data, is simple to build and communicate, achieves a certain 
level of transparency and can be integrated into current regulatory processes. While the 
Effects Table achieves some of the goals of the EMA Benefit Risk Methodology project, it 
is limited in several respects; it does not provide for managing the inherent uncertainty 
in the clinical parameters, there is no transparency of the regulators’ preferences and it 
has limited or no capacity to appropriately summarize data from multiple studies. 

In 1998, the Council for International Organizations of Medical Sciences (CIOMS) 
Working Group IV published a landmark document that presented a standardised 
methodology for reassessing the established benefit–risk relationship of a marketed 
drug when a new safety problem arises [19]. However, after 15 years, a substantial part 
of the vision of the CIOMS Working Group IV remains unachieved, most notably 
‘including metrics for weighting the relative severity /seriousness of different adverse drug 
reactions (…), [the] use of formal decision theory in the decision-making process.’ While 
it is encouraging that with the Effects Table some progress has been made towards the 
use of a structured framework to aid decision making, it cannot be said that much has 
changed since the EMA 2004 audit of the assessment process. 

Measuring Regulator and Patient Preferences using the MACBETH Approach: 
Hitting the Notes and Playing the music?
In 2006, Brian Wynne wrote of the continued public mistrust of scientific institutions 
and stated that the institutions had failed to engage with the public and with social 
scientists in the building of reflexive institutions [20]. In his essay, Wynne criticises 
science policy institutions for engaging the public at a procedural level but missing the 
chance for reflexive dialogue, that is, hitting the notes but missing the music. In the 
area of regulatory decision making for medicines, several patient-focused initiatives 
have been launched that appear to support Wynne’s criticism. Since 2006, the EMA 
has initiated several patient-focused strategies: a standing working party with patient 
representatives and consumers; inclusion of patient representatives’ input for scientific 
and other advisory groups and permanent non-voting patient representatives on some 
committees. While laudable, none of these strategies allows for full participation in the 
decision process, thus failing to achieve meaningful public involvement. In the US, the 
fifth authorization of the FDA PDUFA encourages the inclusion of the patient perspective 
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in drug development by issuing guidance on the use of patient-reported outcomes (PROs) 
in drug development and by collaboration with the Critical Path Institute and industry 
to form the PRO Consortium, with the aim of developing robust symptom-measurement 
tools [21]. Additional initiatives under PDUFA V include the Patient Participation in 
Medical Product Discussions and the Patient-Focused Drug Development program [22, 
23]. Both initiatives seek to involve patients either as employees of the FDA providing 
their expertise from the patient perspective or as participants in disease-specific ‘town 
hall’ meetings. 

In both regulatory agencies, the emphasis to date (prior to PDUFA V) has focused on a 
one-way dialogue, with the expertise resting firmly among the regulators. Recent evidence 
from the FDA shows new emphasis on gathering input from patients and acknowledges 
the need to shift to a two-way dialogue. During the FDA CDRH Patient Preferences 
Initiative Workshop in September 2013, the following methodological challenges were 
raised: what to measure, how to measure and when to measure [24]. PRO instruments 
have for many years been the means of engaging patients; however, while useful for 
measuring the patients’ experiences after receiving the intervention (medicine or device), 
PROs do not indicate what the patients’ preferences are (based on current knowledge) or 
would be (if the knowledge changes). Determining patient preferences therefore requires 
new questions to be asked of patients, but what are the questions and how to ask them? 
This is succinctly summed in the transcript of the FDA CDRH 2013 workshop: ‘The 
methods matter. How do you ask a question? You obviously don’t want to ask a leading 
question of the patient. You don’t want to ask the healthcare equivalent of “when did you 
stop beating your wife?” You really want to ask [the patient] what is most important to 
[them]. What risks are you willing to take? And do you understand the risks? Can we 
provide more information to put those risks in context so you can really give us an honest 
and considered opinion about what you are looking for in your clinical options?’

Chapters 4.1 and 4.2 present the results of a study, conducted among multiple sclerosis 
patients, medical assessors and CHMP members, where a novel approach for the 
elicitation of preferences was used. The Measuring Attractiveness by a Categorical Based 
Evaluation Technique (MACBETH) approach, as described in Chapter 4.1 is a multi-
criteria analytic model that presents an important advance over current methods used 
to collect preferences. It meets the criteria advocated in Chapter 3.1 of ‘logical soundness, 
comprehensiveness, acceptability of results, practicality and usefulness’[25]. Restructured 
for the purpose of this thesis with a user-friendly interface and made available as an online 
questionnaire, preferences can now be captured via MACBETH across a wide geographic 
area, can be deployed at different timepoints during the lifecycle of a drug, can be used 
to elicit preferences among patients and regulators and can provide transparent granular 
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results of patients’ value judgments and subsequent treatment choices. As shown in 
Chapter 4.1, the capture of individual risk profiles (risk attitudes) can allow for further 
statistical analysis that may identify different risk profiles among subgroups of patients. 
Chapter 4.2 showed that from the results of this model regulators could gain insight into 
the patient perspective in several ways: knowledge of what group of patients would be 
willing to undertake a given level of risk for a given level of benefit, at what point the risk 
profile of the regulators deviates from those of the patients, which of the drug alternatives 
on the market would the majority of patients be willing to choose and at what level of 
increased risk does the patients’ choice pattern differ from their own.

Borrowing from the six-step process recommended by Ethan Basch for patient-centred 
drug development, Table 1 below outlines the what, who and when for inclusion of patient 
preferences in the regulatory process.

Lessons Learned and Future Avenues for Research
The EMA in its role as the central agency coordinating the regulatory activities of the 
31 Member States of the European Union provided a unique opportunity via the Benefit–
Risk Methodology Project to examine the processes currently in use for assessing the 
benefit–risk balance of medicinal products. Regulatory evaluation of medicinal products 
involves determining the balance between the benefits promised by the product and the 
attending potential harms. Assessors review the objective clinical data submitted by 
the product manufacturer and determine the probability of harm and the magnitude of 
such harm, but in doing so it is the premise of this thesis that assessors’ belief systems 
and values are engaged, giving rise to variability among assessors and contributing to 
divergent opinions. The evidence of assessor variability, use of the heuristic ‘risk is the 
opposite of benefit’ and the interplay of individual characteristics such as gender and years 
of regulatory experience regarding perceived risk lends support to the view that assessors 
of medicinal products may benefit from the use of decision-making tools to increase 
both internal and external transparency of their risk assessment. Further studies of risk 
perception among medical assessors should include a larger number of assessors using 
an expanded list of dimensions that may reveal other important components, provide 
greater granularity of the dimensions and explain a larger proportion of the variability 
between assessors. The application of the MACBETH tool to regulatory decision making 
opens many avenues for research regarding the stability of patient preferences, the timing 
of the collection of preferences and the comparison of value judgments to standard 
utility measurements.

I conclude this thesis by highlighting a ready counterargument to the risk perception 
results among assessors, that is, in preparing their assessment reports, assessors are 
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Table 1. Key steps toward patient-centred drug development

Step
Responsible 
Party 

Phase of Drug 
Development Strategies

Identify patient-
centred outcomes 
through direct patient 
feedback

Drug 
developer

Before pivotal trials Prioritize patient-centred outcomes 
planning at earliest stages of drug 
development; conduct literature review, 
qualitative research (focus groups, 
interviews); [...] enable early collaboration 
with clinical outcome team and decision 
theory experts

Discuss plans for 
measuring and 
analysing feedback at 
structured meeting 
between drug 
development team and 
regulatory authorities

Drug 
developer and 
regulatory 
agency

Throughout drug 
development 
lifecycle, starting 
during early-phase 
trials

Formalize meetings between developers 
and regulators discussing and prioritizing 
endpoints meaningful to patients 
with open communication, specific 
recommendations from regulators, 
collaborative selection of outcomes and 
measurement strategies,
elucidation of relationships between 
patient [preferences] and other endpoints

Evaluate outcomes 
using established 
qualitative and 
quantitative methods

Drug 
developer

Before pivotal trials Complete before pivotal trial design to 
ensure appropriate selection of key and 
exploratory
patient-centred endpoints[...]

Include [patient 
preferences] and 
other patient-centred 
outcomes in pivotal 
trials with protocol-
specific plans for 
statistical analysis as 
well as minimizing and 
handling missing data

Drug 
developer

Pivotal trials Dedicate statistical power for analysis 
of selected key [preferences] endpoints 
with support from exploratory endpoints; 
use electronic data capture or web-based 
data capture with backup data-collection 
strategies

Engage patient 
representatives of the 
target population

Drug 
developer and 
regulatory 
agency

Throughout 
drug-development 
lifecycle

Use formalized approaches to obtain 
patient input on study inclusion criteria, 
outcomes,
measures, endpoint design, comparators, 
strategies for accruing and retaining 
participants, plans for dissemination and 
implementation

Include results from 
[patient preferences] 
in drug label to help 
patients and providers 
with decision making

Regulatory 
agency

Regulatory review Create pathway for information about 
patient preferences to be included in 
labels; facilitate qualification of existing 
patient preference measures; [...]

Adapted with permission from (Basch, E. (2013). Toward Patient-Centered Drug Development in Oncology. 
N Engl J Med 369, 397-400), Copyright Massachusetts Medical Society [26].



266

5

DISCUSSION AND CONCLUSIONS

not guided solely by their risk attitudes, personality traits or the high risk/low benefit 
heuristic. Over the course of the 210 days of a product review, an assessor’s perception is 
very likely mediated by group discussion, by gathering additional data from the product 
manufacturer and by discussions with colleagues who may be more or less senior, who 
have similar or divergent attitudes towards risk seeking or risk aversion or who share 
similar ethical viewpoints. The final outcome presented to the world is therefore the 
result of a group effort. However, as stated by March, reliance on the so called ‘bottoms 
up approach’ in organizations to lead us to truth in decision making is tantamount 
to ignoring the elephant in the room, that is, ‘decisions in organizations involve an 
ecology of actors trying to act rationally with limited knowledge and preference coherence; 
trying to discover and execute proper behaviour in ambiguous situations; and trying to 
discover, construct and communicate interpretations of a confusing world’ [27]. There is 
no guarantee of a truly rational choice whether within organisations or without. The 
best that can be hoped for is to achieve openness concerning the choices that are made 
and to include in the decision process all who wish to participate. The implementation 
of decision-making tools in the regulatory process can support this vision by adding 
transparency, increasing consistency and improving the current process by making it 
inclusive rather than exclusive. 
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For over three decades, the research on risk perception has supported a theory that 
experts have a one-dimensional view of risk, that is, they focus on the probability and 
the magnitude of a hazardous occurrence, which when combined is reduced to ‘expected 
loss’. Only when outside their area of expertise does subjectivity impact their judgments. 
The installation and maintenance of a paternalistic view on the part of scientific experts 
is further supported by an accepted theory that patients, due to their lack of expert 
knowledge, only view risk subjectively and therefore must be managed via what has 
become known as a knowledge-deficit model. The hypothesis of the current study is that 
assessors in the regulatory environment, like patients and indeed like all non-experts, 
are not one-dimensional but multidimensional in their view of risk, as it is impossible 
to remove the ‘human’ aspect of our interaction with risk. 

It is the human aspect of risk regulation for experts and non-experts that was examined 
in this thesis using methods from the fields of behavioural economics and decision 
theory. The overarching research questions are whether and how decision making for 
risk regulation, as conducted by experts within the European pharmaceutical regulatory 
network (a decentralized system for regulation and consensus building for medicinal 
products and devices across 31 European countries) is influenced by known behavioural 
and cognitive limitations. In addition, is there an existing method(s) that responds to the 
challenge of moving public engagement on risk assessment out of the procedural realm 
(e.g. limited engagement of a small number of representatives working within the current 
evaluative structure) and into the political realm (i.e. interaction with the public that is 
reflective of their concerns and their humanity).

In order to test the above hypotheses, two studies were conducted. First, 80 assessors from 
nine National Competent Authorities (NCAs) in Europe with expertise in the therapeutic 
areas of cardiology, oncology and central nervous system disorders were invited to 
participate in a research study. The study was implemented as a web-based questionnaire 
and was launched between June 2010 and October 2010. Three data collection instruments 
were used: a questionnaire on the risk perception of 28 types of medicinal products, a 
rating of several benefit–risk dimensions using data from mock ‘clinical dossiers’ in the 
therapeutic areas stated above and a questionnaire on general risk attitudes and risk 
perceptions (the Domain-Specific Risk Taking or DOSPERT scale). Second, data were 
collected from a sample of multiple sclerosis (MS) patients and EU regulators who assess 
medicinal products for MS using a qualitative questionnaire designed to interact with 
the M-MACBETH software.

In Chapter 2.1, assessors were asked to evaluate a list of 28 types of medicinal products 
using four perception scales: benefit, risk, seriousness of harm to those exposed and the 
knowledge of potential harm for those exposed. Oncology products scored the highest on 
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the ‘risk perception’ scale and on the ‘seriousness of harm to patients’ scale, while insulin, 
vaccines and antibiotics had the highest mean scores on the ‘benefit’ scale. Assessors 
gave the lowest score for insulin on the ‘knowledge of harm’ scale, followed by oncology 
and AIDS medications. Female assessors saw more benefit for almost all the products 
on the list; the junior assessors (1–3 years of experience) provided statistically different 
scores on three of the four scales measured but only for a few products. Compared to 
efficacy assessors, safety assessors reported higher risk scores for almost all the products; 
there was mixed differences by professional qualification (MD, PhD, pharmacist). The 
interpretation of the results from all four scales is that, in keeping with their role as 
gatekeepers of medical products, assessors view these products as predominantly 
beneficial with mid to low risks when used appropriately but with the potential for serious 
harm when misused, and they believe that patients are mostly aware of the potential for 
harm of medicinal products. The results highlight a methodological issue common to 
risk perception research. The use of broadly defined hazards, such as cholesterol products 
or biotechnology products, does not in our opinion provide sufficient information for 
experts to make a real assessment. However, it is evident that there are some differences 
in risk perception by gender, professional qualification (MD, PhD, other) and years of 
regulatory experience. While these differences were not seen across all 28 products, it 
does indicate the need for further exploration of the influence of individual characteristics 
within this group.

Also in Chapter 2.1, assessors were further asked to review a mock ‘clinical dossier’ for 
three medicinal products, depending on their area of therapeutic and clinical expertise, 
and to provide responses regarding their perceptions of the risk associated with the 
product (risk dimension) and seven other dimensions, all measured on a seven-point 
scale. The results from a combined principal component analysis revealed two latent 
components explaining 59% of the total variance. The subsequent regression model, 
explaining 54% of the variability among the assessors, showed that the assessors’ ratings 
on the risk dimension scale is predicted by perceived worry regarding safety, the number 
of people exposed to the risk and the ethical issues associated with the drug. These 
dimensions were inversely correlated to benefit and risk acceptability. The precision 
of the scientific knowledge or unfamiliarity with the potential risk did not predict the 
assessors’ risk dimension responses. In addition, the observed relationship was mediated 
by gender, the medicinal product under review and number of years in a regulatory role. 
Traditionally, assessors are believed to focus only on the probability of the risk and the 
magnitude of the event when reviewing a potential hazard. However, in a regression 
analysis predicting the risk dimension scores only the seriousness of harm component 
was a significant predictor of individual risk perception. This is an important finding 
given that ideally, in their role as regulators, the precision of the scientific knowledge or 
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the lack thereof and the attending uncertainties would be expected to be very relevant to 
how a drug is perceived. These results show, as found in a study among nuclear scientists, 
that risk perception among experts is more complex than previously believed. 

In Chapter 2.2, the results from the DOSPERT scale showed that assessors do not have a 
consistent risk attitude (risk-seeking, risk-neutral, risk-averse) across the five life domains 
measured (social, financial, health/safety, recreational and ethical). Depending on the 
context, (such as social or financial), assessors changed their appetite for risk-taking 
and their perceptions of associated risks. However, the results do show a relationship 
between risk attitude and risk perception in that assessors have a weak but statistically 
significant perceived risk-averse attitude in four of the five domains, that is, the more 
risky an activity was perceived to be by the assessors, the less likely they were to engage in 
it. The lack of a very strong correlation indicates that risk perception of an activity is not 
the only determinant of whether the assessor would engage in such an activity; however, 
it does give some insight into what we now believe to be a multidimensional mental map 
of risk among assessors. It is not only risk attitudes that may impact the perception of 
the benefit or risk associated with a drug but also personality traits. It was shown that an 
increase in the conscientiousness score from the Big Five Inventory scale predicted an 
increase in the perception of a drug’s benefit, while extraverted assessors saw fewer risks. 
Gender is also a predictive factor, as male assessors gave higher scores for drugs’ benefit 
ratings than female assessors, while risk-averse assessors, as defined by the DOSPERT 
scale (perceived neutral-averse or averse-risk profile) saw greater risks. Individual traits, 
such as personality, risk attitudes and gender, influence risk perceptions and consequently 
may impact decision making, even among expert groups within regulatory organisations. 
However, this subjective component of the decision process is rarely acknowledged.

Work Package 1 of the European Medicines Agency Benefit –Risk (EMA BR) Methodology 
Project reported that assessors do not have a clear definition of what benefits are and what 
risks are in relation to medical products. However, it is possible that the methodology used 
to collect the data from the assessors was not sufficiently concise, as it did not require the 
assessors to focus on a specific drug or even a specific disease. In Chapter 2.3, we report 
the degree of congruency among the medical assessors in identifying benefits and risks 
for specific medical products. In the third phase of the study, assessors who had reviewed 
the mock ‘clinical dossier’ specific to their area of expertise were asked to identify the 
risks and benefits for that product. They were also asked to indicate the value they place 
on various sections of the clinical dossier by distributing 100 points within the sections— 
pharmacokinetic/pharmacodynamic, toxicology, efficacy, safety and study quality. For 
both the oncology treatment and the CNS treatment, there appeared to be a low level 
of agreement between the assessors as to the benefits and the risks. For the cardiology 
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treatment, there was more consistency in the identified benefits and risks. Estimations 
of value also varied among assessors, although there appeared to be consistently lower 
values assigned to pharmacokinetic/pharmacodynamic attributes. Assessors appear to 
focus on different aspects of a clinical dossier and assign differing levels of value, as can 
be seen by the number of points they apportioned to the various sections of the clinical 
dossier. The results of this study appear to confirm what was reported in Work Package 
1 of the EMA BR Project—that assessors are not congruent in identifying the benefits 
and risks of medical products or the degree of value they place on the data provided in 
clinical dossiers.

In its role as the central agency coordinating the activities of 31 NCAs, the EMA 
provided a unique opportunity via the BR Methodology Project to examine the processes 
currently in use for judging the benefit–risk balance of medicinal products. The Problem, 
Objectives, Alternatives, Consequences and Trade-offs (PrOACT-URL) framework is 
the qualitative framework shown to be most comprehensive and theoretically able to 
encompass decisions dominated by conflicting objectives. PrOACT provides a generic 
problem structure, which is adaptable to benefit–risk decision making by regulators, and 
the ‘-URL’ encompasses the uncertainty, the risk tolerance of the decision makers and 
linkage to other decisions. Chapter 3.1 describes the EMA BR Methodology Project at the 
time of publication, provides an assessment of the use of the PrOACT-URL framework 
and multi-criteria decision modelling among assessors in five EU agencies. The case 
is presented that there is now compelling evidence demonstrated in workshops and 
seminars—for example, Mussen and others who proposed a framework and methodology 
based on multi-criteria decision analysis, Felli and others who have provided an example 
with Lilly’s BRAM model, recent work by the BRAT group in developing a framework 
for selecting, organizing, summarizing and interpreting data—that may help make the 
assessment process more explicit and less intuitive. The contribution of the EMA BR 
Project to the above-mentioned initiatives points in a similar direction, that is, that 
quantitative benefit–risk modelling is possible. The paper concludes that adoption of 
such methods within the current regulatory environment requires effective technology 
transfer to the regulatory authorities.

In the previous chapters, the longstanding myth that experts are veridical was 
challenged and shown not to be the supported. However, only accepting that there 
are human factors that impact the perception of risk for both experts and non-
experts does not respond to the challenge of how to move beyond the knowledge-
deficit model to the desired dialogue model between regulators of medicines 
and patients. Regulatory agencies have in recent years established means for 
interacting with patients and patient groups, including inviting patients or patient 
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representatives to be members of regulatory decision-making committees. Despite this 
evolution, patient groups continue to voice the need for even greater transparency of and 
involvement in health policy decisions and in some cases challenge the decisions made 
by regulators to withhold or withdraw market authorizations. 

In Chapter 4.1, we report the results of a web-based field experiment to apply the 
Measuring Attractiveness by a Categorical Based Evaluation Technique (MACBETH) to 
eliciting preferences for outcomes that are possible with several MS treatments. Sixty-two 
MS patients were enrolled and preferences were elicited for six treatment outcomes: three 
efficacy outcomes (number of relapses, time to disease progression, 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. The qualitative 
elicitation procedure used by MACBETH allowed patients to provide consistent 
judgments, which 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; additionally patients do not equally 
weigh the MS outcomes. 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 can easily be 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.

On completion of the proof of concept study demonstrating how MACBETH can be 
used to elicit preferences, the next objective reported in Chapter 4.2 is the evaluation 
of whether the resulting decisions using the MACBETH decision models are consistent 
with what is seemingly logical for several MS treatments; that is, 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? 
Another objective is to determine if the decisions of the regulators are different from 
those of the patients in this study population. Value judgments elicited from the sample 
of MS patients and a sample of medical assessors for the three favourable effects and 
three unfavourable effects previously mentioned were used to create treatment decision 
models using data from the pivotal MS trials PRISMS4, EVIDENCE and AFFIRM. 
Decision models comparing Rebif® 44 mg to Rebif® 22 mg and a placebo indicated that 
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patients would chose Rebif® 44 mg over other treatments. Similarly, models comparing 
Rebif® 44 mg to Avonex® 30 mg and a placebo showed that patients would again choose 
Rebif® 44 mg over the other alternatives. It should be noted that the scores obtained for 
Rebif® 44 mg were very close to those obtained for Avonex® 30 mg, indicating similarity 
in the performance of both treatments. A model comparing Tysabri and Rebif® 44 mg 
and a placebo, with no risk of PML, showed 100% of patients choosing Tysabri versus 
Rebif® 44 mg or the placebo. However, when risk for PML was added, only 80% of patients 
would now chose Tysabri, while 20% would chose Rebif® 44 mg. 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 and may give some indication as to the proportion of the 
groups likely to switch treatment. A comparison of decision models between regulators 
and patients showed similar treatment choices if no risk data are included; however, 
when safety risks are added, regulators were more likely than patients to switch to the 
treatment with lower risk.

The aspiration of reflective and consequently democratic institutions of science as outlined 
by Beck, Wynne and others has not been realized. After two decades of advocating the need 
for such a model to govern interactions between scientists and laypeople, social scientists 
are beginning to wonder if they have overpromised on what could be delivered. This thesis 
is based on the premise that such a model is still achievable if misconceptions of expert 
infallibility and non-expert incomprehensibility are debunked and new methodologies 
for supporting such interactions are allowed to flourish within our scientific institutions.
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Al meer dan drie decennia heeft het onderzoek met betrekking tot risicoperceptie een 
theorie ondersteund dat experts een eendimensionale visie hebben op risico’s. Zij richten 
zich op de waarschijnlijkheid en de omvang van een gevaarlijke gebeurtenis. Gecombineerd 
is dat dan het ‘verwachte verlies’. Alleen buiten hun kennisgebied heeft subjectiviteit 
invloed op hun beoordelingen. De gevestigdheid van een paternalistische visie op het 
deel van wetenschappelijke experts wordt verder ondersteund door een geaccepteerde 
theorie dat patiënten, vanwege hun gebrek aan kennis, risico’s alleen subjectief bekijken en 
daarom beheerd moeten worden via iets dat nu bekend staat als een kennisgebrek-model. 
De hypothese van dit onderzoek is dat beoordelaars in een regulerende omgeving, zoals 
patiënten en alle niet-experts, niet eendimensionaal, maar multidimensionaal zijn in 
hun visie op risico. Het is immers onmogelijk om het ‘menselijke’ aspect te verwijderen 
uit onze interactie met risico. 

Het menselijke aspect van risicoregulatie voor experts en niet-experts is in deze scriptie 
onderzocht is, gebruikmakend van methoden uit gedragseconomie en beslissingstheorie. 
De overkoepelende onderzoeksvragen zijn of en hoe besluitvorming voor risicoregulatie, 
zoals uitgevoerd door experts binnen het Europese farmaceutische regelgevende netwerk 
(een gedecentraliseerd systeem voor regulatie en opbouw van consensus voor medicinale 
producten en apparaten in 31 Europese landen) wordt beïnvloed door bekende gedrags- 
en cognitieve beperkingen. Daarnaast is er een bestaande methode(n) die reageert op 
de uitdaging van de publieke betrokkenheid bij risicobeoordeling verplaatsen uit de 
procedurele sfeer (b.v. beperkte betrokkenheid van een klein aantal vertegenwoordigers 
dat actief is binnen de huidige evaluerende structuur) naar de politieke sfeer (b.v. interactie 
met het publiek dat hun zorgen en hun menselijkheid weergeeft).

Om de bovenstaande hypotheses te testen werden twee onderzoeken uitgevoerd. 
Eerst werden 80 beoordelaars uit negen Nationale Competente Autoriteiten (NCA’s) 
binnen Europa, met expertise in de therapeutische gebieden van cardiologie, oncologie 
en stoornissen in het centrale zenuwsysteem uitgenodigd om deel te nemen aan het 
onderzoek. Het onderzoek werd geïmplementeerd als een online vragenlijst en werd tussen 
juni en oktober 2010 gelanceerd. Er werden drie instrumenten voor dataverzameling 
gebruikt: een vragenlijst over de risicoperceptie van 28 soorten medicinale producten, een 
waardering van verschillende voordeel vs. risico-dimensies, waarbij data gebruikt werd 
uit nep ‘klinische dossiers’ in de therapeutische gebieden die hierboven genoemd werden 
en een vragenlijst inzake algemene risicohoudingen en risicopercepties (de DOSPERT-
schaal, Domain-Specific Risk Taking). Ten tweede werd data verzameld uit een selectie 
multiple sclerosis (MS) patiënten en EU-regulatoren die medicinale producten beoordelen 
voor MS, waarbij een kwalitatieve vragenlijst gebruikt werd die ontworpen is om te 
interacteren met de M-MACBETH-software.
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In Hoofdstuk 2.1 wordt beoordelaars gevraagd om een lijst met 28 soorten medicinale 
producten te evalueren, waarbij ze gebruik moeten maken van vier perceptieschalen: 
voordeel, risico, ernst van de schade aan diegenen die er bloot aan worden gesteld en 
de kennis van het potentiële gevaar voor hen die eraan blootgesteld worden. Oncologie-
producten scoorden het hoogst op ‘risicoperceptie’ en ‘ernst van schade aan patiënten’, 
terwijl insuline, vaccins en antibiotica de hoogste gemiddelde scores hadden op ‘voordeel’. 
Beoordelaars gaven de laagste score voor insuline op de ‘kennis van schade’-schaal, gevolgd 
door medicatie voor oncologie en AIDS. Vrouwelijke beoordelaars zagen meer voordelen 
voor praktisch alle producten op de lijst: de junior beoordelaars (1-3 jaar ervaring) geven 
statistisch gezien andere scores op drie van de vier schalen die gemeten werden, maar 
alleen voor een aantal producten. In vergelijking met de efficiëntie-beoordelaars gaven de 
veiligheidsbeoordelaars hogere risicoscores voor bijna alle producten. Er waren gemengde 
verschillen per professionele kwalificatie (MD, PhD, apotheker). De interpretatie van 
de resultaten uit alle vier de schalen is dat, wat volgt uit hun rol als poortwachter van 
medicinale producten, beoordelaars deze producten als voornamelijk gunstig zien met 
gemiddelde tot lage risico’s als ze op de juiste manier gebruikt worden, maar met de 
potentie voor ernstige schade bij misbruik. Ook geloven ze dat patiënten grotendeels 
op de hoogte zijn van het potentiële gevaar van medicinale producten. De resultaten 
markeren een methodologisch probleem dat hoort bij onderzoek naar risicoperceptie. Het 
gebruik van breed gedefinieerde gevaren, zoals cholesterolproducten of biotechnologische 
producten, biedt naar onze mening niet voldoende informatie voor experts om een 
echte beoordeling te maken. Het is echter duidelijk dat er bepaalde verschillen zijn 
in risicoperceptie, op geslacht, professionele kwalificatie (MD, PhD, overig) en jaren 
regelgevende ervaring. Hoewel deze verschillen niet gezien konden worden in alle 28 
producten, laat het zien dat er behoefte is aan meer onderzoek naar de invloed van 
individuele kenmerken binnen deze groep.

In Hoofdstuk 2.1 worden beoordelaars ook gevraagd om een nep ‘klinisch dossier’ te 
bekijken voor drie medicinale producten, afhankelijk van hun therapeutische gebied en 
klinische expertise, en om reacties te bieden met betrekking tot hun risicopercepties 
horend bij het product (risicodimensie) en zeven andere dimensies, allen gemeten op een 
zevenpuntsschaal. De resultaten van een gecombineerde analyse van het hoofdonderdeel 
liet twee latente onderdelen zien, die samen goed waren voor 59% van de totale variantie. 
Het daaropvolgende regressiemodel, dat 54% van de variabelen tussen de beoordelaars 
verklaarde, toonde dat de waarderingen van de beoordelaars op de risicodimensieschaal 
is voorspeld door vermeende zorgen met betrekking tot veiligheid, het aantal mensen 
dat wordt blootgesteld aan het risico en de ethische problemen die samengaan met het 
medicijn. Deze dimensie werden verbonden aan de aanvaardbaarheid van voordeel en 
risico. De precisie van wetenschappelijke kennis of onbekendheid met het potentiële 
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risico voorspelde de risicodimensiereacties van de beoordelaars niet. Daarnaast werd 
de waargenomen relatie gemiddeld op geslacht, het medicinale product dat geëvalueerd 
werd en het aantal jaren in een regelgevende rol. Traditioneel gezien wordt geloofd dat 
beoordelaars zich alleen richten op de waarschijnlijkheid van het risico en de omvang van 
de gebeurtenis tijdens het evalueren van een potentieel gevaar. In een regressieanalyse 
voor het voorspellen van de risicodimensiescores is echter alleen de ernst van de schade 
een significante voorspeller van individuele risicoperceptie. Dit een belangrijk gegeven, 
aangezien ideaal gezien, in hun rol als regulator, van de precisie van de wetenschappelijke 
kennis of het gebrek daarvan en de aanwezige onzekerheden wordt verwacht dat ze zeer 
relevant zijn in hoe een medicijn waargenomen wordt. Deze resultaten laten zien, zoals 
ook te zien was in een onderzoek onder kernwetenschappers, dat de risicoperceptie onder 
experts complexer is dan eerder werd gedacht. 

In Hoofdstuk 2.2 lieten de resultaten van de DOSPERT-schaal zien dat beoordelaars geen 
consistente risicohouding hebben (risico-zoekend, risiconeutraal, risico-afkerig) over 
de vijf levensdomeinen die gemeten werden (sociaal, financieel, gezondheid/veiligheid, 
recreatief en ethisch). Afhankelijk van de context (zoals sociaal of financieel) veranderde 
bij beoordelaars hun lust om risico te nemen en hun perceptie van bijbehorende risico’s. 
De resultaten tonen echter een relatie tussen risicohouding en risicoperceptie in dat 
beoordelaars een zwak maar statistisch significant gepercipieerde risico-afkerige houding 
hebben in vier van de vijf domeinen. Dat wil zeggen dat des te riskanter een activiteit 
wordt gezien door de beoordelaar, des te minder groot de kans dat ze erin mee zouden 
doen. Het gebrek aan een zeer sterke correlatie doet denken dat risicoperceptie van een 
activiteit is niet de enige bepalende factor in of een beoordelaar met zo’n activiteit mee zou 
doen. Het geeft echter wel bepaald inzicht in wat we nu zien als een multidimensionale 
mentale kaart van risico onder beoordelaars. Het zijn niet alleen risicohoudingen die 
invloed hebben op de perceptie van voordeel of risico horend bij een medicijn, maar ook 
persoonlijkheidskenmerken. Duidelijk was dat een toename in plichtsgetrouwheidsscore 
van de Big Five Inventory-schaal een voorspellende factor was voor een toename in de 
perceptie van het voordeel van een drug. Extraverte beoordelaars zagen minder risico’s. 
Geslacht is ook een voorspellende factor, aangezien mannelijke beoordelaars hogere 
scores gaven voor de voordelen van medicijnen dan vrouwelijke beoordelaars, terwijl 
risico-afkerige beoordelaars, zoals bepaald door de DOSPERT-schaal (waargenomen 
neutraal-afkerig of afkerig-risico profiel), grotere risico’s zagen. Individuele kenmerken, 
zoals persoonlijkheid, risicohoudingen en geslacht, hebben invloed op risicopercepties en 
kunnen als gevolg daarvan impact hebben op besluitvorming, zelfs onder expertgroepen 
binnen regulerende organisaties. Dit subjectieve onderdeel van het besluitvormingsproces 
wordt echter zelden erkend.
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Werkpakket 1 van het European Medicines Agency Benefit-Risk (EMA BR)-
methodologieproject gaf aan dat beoordelaars geen helder begrip hebben van wat 
voordelen zijn en wat risico’s zijn in relatie tot medische producten. Het is echter mogelijk 
dat de methodologie die gebruikt is om de data te verzamelen van beoordelaars niet 
voldoende beknopt was, aangezien de beoordelaars zich niet hoefden te richten op een 
specifiek medicijn of zelfs een specifieke ziekte. In Hoofdstuk 2.3 melden we de mate 
van congruentie onder de medische beoordelaars in het identificeren van voordelen en 
risico’s voor specifieke medische producten. In de derde fase van het onderzoek werd 
aan beoordelaars die het nep ‘klinische dossier’ voor hun vakgebied hadden bekeken 
gevraagd om de risico’s en voordelen voor dat product te identificeren. Hen werd ook 
gevraagd om aan te geven hoeveel waarde ze hechtten aan de verschillende delen van het 
klinische dossier, door 100 punten te verdelen binnen de onderdelen - farmacokinetisch/
farmacodynamisch, toxicologie, efficiëntie, veiligheid en onderzoekskwaliteit. Voor zowel 
de oncologiebehandeling als de CNS-behandeling leek er maar weinig overeenstemming 
te zijn tussen de beoordelaars voor wat betreft de voordelen en de risico’s. Voor de 
cardiologiebehandeling was er meer consistentie in de geïdentificeerde voordelen en 
risico’s. Schattingen van waarde verschilden ook onder de beoordelaars, hoewel er 
steeds lagere waarden werden toegewezen aan farmacokinetische/farmacodynamische 
kenmerken. Beoordelaars lijken zich te richten op verschillende aspecten van een klinisch 
dossier en wijzen verschillende niveaus van waarde toe, zoals gezien kan worden aan 
het aantal punten dat ze toewijzen aan verschillende delen van het klinische dossier. 
De resultaten van dit onderzoek lijken te bevestigen wat al gemeld werd in Werkpakket 
1 van het EMA BR-project - dat beoordelaars niet congruent zijn in het identificeren van 
de voordelen en risico’s van medische producten of de waarde die ze toekennen aan de 
data die in de klinische dossiers gegeven wordt.

In de rol als centraal bureau dat de activiteiten van 31 NCA’s coördineert biedt de EMA 
een unieke kans via het BR Methodologieproject om de processen te beoordelen die 
op dit moment gebruikt worden voor het beoordelen van de voordeel-risicobalans van 
medicinale producten. Het Probleem, Doelen, Alternatieven, Gevolgen en Compromissen 
(PrOACT-URL)-kader is het kwalitatieve kader dat getoond wordt om zo uitgebreid 
en theoretisch mogelijk beslissingen te omvatten die gedomineerd worden door 
conflicterende doelen. PrOACT biedt een generieke probleemstructuur, die aan te passen 
is aan de besluitvorming omtrent voordeel-risico door regulators, en de ‘-URL’ omvat de 
onzekerheid, de risicotolerantie van de besluitvormers en link met andere beslissingen. 
Hoofdstuk 3.1 beschrijft het EMA BR-Methodologieproject op het moment van publicatie, 
biedt een beoordeling van het gebruik van het PrOACT-URL-kader en multi-criteria 
beslissingmodellen onder beoordelaars in vijf Europese bureaus. De zaak laat zien dat er 
nu overtuigend bewijs wordt getoond in workshops en seminars - bijvoorbeeld Mussen 
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en anderen, die een kader en methodologie voorstelden op basis van een multi-criteria 
besluitanalyse, Felli en anderen, die een voorbeeld hebben gegeven met Lilly’s BRAM-
model, recent werk door de BRAT-groep in het ontwikkelen van een kader voor het 
selecteren, organiseren, samenvatten en interpreteren van data - dat kan helpen om 
het beoordelingsproces explicieter en minder intuïtief te maken. De bijdrage van het 
EMA BR-project aan de hierboven genoemde initiatieven wijst in een gelijksoortige 
richting, namelijk dat kwantitatieve voordeel-risico-modellering mogelijk is. Het verslag 
concludeert dat aanname van dergelijke methodes binnen de huidige regelgevende sfeer 
vraagt om effectieve technologieoverdracht naar de regelgevende autoriteiten.

In eerdere hoofdstukken werd de aanhoudende mythe dat experts waarheidlievend waren 
uitgedaagd en bleek dat deze niet ondersteund werd. Alleen accepteren dat er menselijke 
factoren zijn die invloed hebben op de perceptie van risico voor zowel experts als niet-
experts reageert echter niet op de uitdaging van hoe we verder kunnen gaan van het 
kennisgebrek-model naar het gewenste dialoog-model tussen regulators van medicijnen en 
patiënten. Regelgevende autoriteiten hebben in de afgelopen jaren methoden vastgesteld 
om te interacteren met patiënten en patiëntengroepen, inclusief het uitnodigen van 
patiënten of patiëntvertegenwoordigers om deel uit te maken van commissies die 
regelgevende beslissingen nemen. Ondanks deze evolutie blijven patiëntengroepen 
aangeven dat ze behoefte hebben aan meer transparantie van en betrokkenheid bij 
beslissingen in gezondheidsbeleid en in sommige gevallen de beslissingen van regulatoren 
om marktautorisaties achter te houden of terug te trekken aanvechten. 

In Hoofdstuk 4.1 vermelden we de resultaten van een online veldexperiment om toe 
deMeasuring Attractiveness by a Categorical Based Evaluation Technique (MACBETH, 
Techniek van meten van Aantrekkelijkheid op basis van een Categorie-evaluatie) om 
voorkeuren te ontlokken voor resultaten die mogelijk zijn met verschillende MS-
behandelingen. Tweeënzestig MS-patiënten deden mee en voorkeuren werden gebruikt 
om zes behandelresultaten: drie effectiviteitsresultaten (aantal terugvallen, tijd tot 
progressie van de ziekte, progressie van de ziekte) en drie veiligheidsresultaten (risico 
op progressieve multifocale leukencefalopathie, leverfalen en leukemie) te ontlokken. 
Resultaatwaarde-functieprofielen werden ontleend aan individuele beoordelingen van 
patiënten en logistieke regressiemodellen werden gebruikt om de relatie tussen de vormen 
van waardefuncties en ziekte- en demografische kenmerken te evalueren. Patiënten 
werd ook gevraagd naar wegingsbeoordelingen. De kwalitatieve ontlokkingsprocedure 
gebruikt door MACBETH gaf patiënten de mogelijkheid om consistente beoordelingen 
te geven, die klinisch en psychologisch relevant zijn voor besluitvorming, waarbij veel 
patiënten positieve opmerkingen gaven met betrekking tot het gemak van het gebruik 
van en reageren op de vragenlijst. De meeste waardefuncties waren niet-lineair, 
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wat wil zeggen dat de voorkeuren van de patiënten niet in verhouding waren met 
de resultaatniveaus; daarnaast wogen patiënten de MS-resultaten niet op dezelfde manier. 
Een besluitanalysetechniek zoals MACBETH die gebruikmaakt van een kwalitatieve 
procedure voor het uitlokken van voorkeuren, kan eenvoudig worden geïntegreerd 
in een pre- of post-geautoriseerde setting en de resultaten kunnen eenvoudig worden 
opgenomen in het regelgevende goedkeuringsproces. Regelgevende autoriteiten en de 
branche dienen rekening te houden met de toepassing van deze niet-numerieke methode 
om meer begrip te krijgen van patiëntvoorkeuren en het gebruiken van deze data als 
ondersteunende input in de besluitvormingsprocessen.

Na voltooiing van het bewijs van conceptonderzoek dat laat zien hoe MACBETH 
gebruikt kan worden om voorkeuren te ontlokken, wordt het volgende doel vermeld in 
Hoofdstuk 4.2. Dat is de evaluatie van of de resulterende beslissingen met het gebruik van 
de MACBETH-beslissingsmodellen consistent zijn met wat logisch lijkt voor verschillende 
MS-behandelingen. Dat wil zeggen, krijgen behandelingen met gelijksoortige efficiëntie- 
en veiligheidsprofielen gelijksoortige beslissingsscores en krijgen behandelingen die 
ongelijk zijn in efficiëntie- veiligheidsprofielen even ongelijke beslissingsscores? Een 
ander doel is het bepalen of de beslissingen van de regulatoren verschillen van die van 
de patiënten in dit onderzoek. Waardebeoordelingen die ontlokt zijn uit de steekproef 
van MS-patiënten en een steekproef van medische beoordelaars voor de drie gunstige 
effecten en de drie ongunstige effecten die eerder genoemd werden, werden gebruikt 
om de modellen voor behandelbeslissingen te maken. Hierbij werd gebruik gemaakt 
van data uit de doorslaggevende MS-proeven PRISMS4, EVIDENCE en AFFIRM. 
Beslissingsmodellen vergelijken Rebif® 44 mg met Rebif® 22 mg en een placebo gaf aan 
dat patiënten Rebif® 44 mg zouden verkiezen boven andere behandelingen. Ook worden 
modellen gebruikt om Rebif® 44 mg te vergelijken met Avonex® 30 mg en een placebo liet 
zien dat patiënten weer Rebif® 44 mg zouden verkiezen boven andere alternatieven. Er 
moet worden opgemerkt dat de scores die verkregen zijn voor Rebif® 44 mg dichtbij die 
van Avonex® 30 mg lagen, wat de indruk werkt dat beide behandelingen op gelijke wijze 
presteren. Een model waarin Tysabri en Rebif® 44 mg en een placebo zonder risico op 
PML met elkaar vergeleken werden, liet zien dat 100% van de patiënten kozen voor Tysabri 
versus Rebif® 44 mg of het placebo. Toen het risico voor PML werd toegevoegd, koos 
nog maar 80% van de patiënten voor Tysabri, terwijl 20% zou kiezen voor Rebif® 44 mg. 
De MACBETH-benadering kan eenvoudig gebruikt worden om de waarden van patiënten 
en regelgevers vast te leggen en onderscheid te maken tussen het punt waarop toegenomen 
risico’s onderscheid kunnen maken tussen de waarden van patiënten en die van 
regelgevers of andere belanghebbenden en enige indicatie kunnen geven met betrekking 
tot het aandeel van de groepen die waarschijnlijk de behandeling zouden wisselen. Een 
vergelijking van beslissingsmodellen tussen regelgevers en patiënten toonden gelijke 



behandelkeuzes als er geen risicodata was inbegrepen. Als echter veiligheidsrisico’s 
toegevoegd worden, dan is de kans groter dat regelgevers kiezen voor een behandeling 
met een lager risico dan dat patiënten dat doen.

De aspiratie van reflectieve en vervolgens democratische wetenschappelijke instituten 
zoals aangegeven door Beck, Wynne en anderen, is niet gerealiseerd. Na twee decennia 
van het promoten van de behoefte aan een model om interacties tussen wetenschappers 
en leken te leiden, beginnen sociale wetenschappers zich af te vragen of ze meer 
hebben beloofd dan ze kunnen leveren. Deze scriptie is gebaseerd op de stelling dat 
een dergelijk model nog steeds bereikbaar is, als misvattingen omtrent onfeilbaarheid 
van experts en onbegrijpelijkheid van niet-experts worden ontkracht en nieuwe 
methodes voor het ondersteunen van dergelijke interacties mogen opbloeien binnen 
onze wetenschappelijke instituten.
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