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ABSTRACT

Objectives: To pilot the feasibility of using a discrete choice experiment (DCE) design to investigate indi-
vidual preferences from the decision-maker perspective regarding the use of public funding for orphan
drugs and generate prior information for future experimental designs.

Methods: A DCE was used on a convenience sample of participants from five European countries
(England, France, Germany, Italy and Spain), exploring their preferences in distinct healthcare scenar-
ios involving orphan drugs. A preliminary review of the empirical literature on distributive preferences
informed the selection of attributes and their levels in the design. An online questionnaire was used to
conduct the DCE survey.

Results: A total of 199 questionnaires were completed. The five country model showed relative pref-
erence for some attributes over others: cost of treatment, improvement in health, value for money and
availability of treatment alternatives received the greatest attention. However, disease severity, begin-
ning of life, waiting times and side effects were also shown to be important social values that should not
be ignored.

Conclusions: The findings presented in this study provide insight about the preferences that can influ-
ence decisions on orphan drugs in different countries. This study also provides valuable prior information
that could inform future DCE designs in this area.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Decision makers in health systems around the globe must deal
with the conflict generated by competing demands and insufficient

There is no single commonly accepted definition for rare dis-
eases [1], although the European Commission and international
literature agree that these are life-threatening or chronically debili-
tating conditions that affect no more than five in 10 000 individuals
and necessitate long-term specialist and costly formal and informal
care [2,3]. Although rare diseases are by definition characterised by
a low prevalence, more than 5000 such diseases have been recog-
nised to date, affecting a total of over 30 million EU citizens.
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resources: it is impossible to provide all the potentially beneficial
healthcare services to those who might benefit from them, and
priorities must be established. Medicines used to treat rare dis-
eases (orphan drugs) may be costly to develop, but the population
size they serve is small, and the need to recoup R&D costs is often
reflected in high prices.

Decisions regarding orphan drug designation and marketing
authorisation are currently taken at the European Union (EU) level,
whereas reimbursement is a national concern. The availability and
affordability of orphan drugs have become high priority issues for
policy makers. The governments of the United States, Japan, and
some EU countries have introduced special financial incentives for
the development of drugs for rare diseases [4,5]. However, such
policies are of limited value if the treatments developed ultimately
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fail to obtain coverage from governments due to their limited cost-
effectiveness.

There is as yet no consensus as to how the value of orphan drugs
should be assessed. Clinical evidence on their safety and efficacy
is often weak due to the small number of patients in randomised
clinical trials and the reliance on surrogate markers of effectiveness
that are not always well-linked to final patient outcomes [6]. Given
that many orphan drugs are more expensive than treatments for
other, more prevalent conditions, relatively high incremental cost-
effectiveness ratios and/or poor value for money lead to denial of
coverage [6], jeopardizing patient access to such therapies.

These restrictions may not be in line with societal preferences;
when it comes to allocative decisions, members of the public are
known to be willing to make sacrifices in terms of a reduction in
the total amount of health gain generated to achieve a more equi-
table distribution and respond to the needs of those in severe ill
health [7,8]. Indeed, since treatments for rare diseases are unlikely
to provide value for money in view of their high price and often
modest effectiveness, additional criteria are already used to inform
reimbursement decisions in some countries, such as severity of dis-
ease, improvement in health and availability of other treatments
[9]. International initiatives to more precisely calculate the value of
orphan medicines are widespread among policy makers and pay-
ers [10,11]. Different approaches have been proposed to appraise
interventions for rare diseases based on multiple factors, leading
to the recommendation of different sets of decision making criteria
[11-13].

When more than one criterion is relevant, multi-criteria deci-
sion analysis (MCDA) can be a good aid for decision-making. In
MCDA, the influence of each criterion on the decision is defined
along with its relative importance [14]. Although MCDA is not yet
widespread in the context of coverage decisions, its use is becom-
ing more frequent [15,16]. Indeed, MCDA is gaining recognition as a
valuable tool to address complex decisions where multiple conflict-
ing criteria, goals or objectives must be taken into account. MCDA
provides opportunities for evaluation of process effects and non-
health outcomes, in addition to the traditional Quality Adjusted
Life Year (QALY) model. MCDA models can also provide physicians
with more information on which to base their choice of treatment,
helping to clarify which are the best therapies for patients [17].

One MCDA technique, the Discrete Choice Experiment (DCE)
has become increasingly popular. The DCE technique can provide
a basis of stated-preference information and indicate whether par-
ticular attributes are a predictor of choice over different scenarios,
as well as the relative importance of the attributes used to describe
the alternatives in choice sets [18]. DCEs are increasingly used in
health economics to address a wide range of health policy-related
concerns. Their scope of application is expanding in an increasing
number of countries, with more sophisticated approaches to DCE
design and analytical techniques apparently improving the qual-
ity of the final output [19]. The feasibility and acceptability of the
DCE approach for the elicitation of general preferences to inform
priority-setting in healthcare is supported by a growing body of
evidence [18,20].

In the context of rare diseases, issues such as uncertainty, ethi-
cal dilemmas, and the difficulty in appraising related interventions,
indicate that a MCDA based on an extended, holistic understanding
of value is uniquely suited to guide decision-making. Such a frame-
work could be used to set up a flexible platform that would respond
to the issues that most strongly influence decision-making depend-
ing on the context. Thus, assume that having a decision-making
framework beyond the Cost-QALY, one which includes more crite-
ria in the decision-making process, will be fairer for rare diseases.
The aim of this study is to pilot the elicitation of preferences from
the perspective of decision-makers in European countries, in order
to generate information useful for supporting decision-making pro-

cesses that consider criteria beyond cost and QALY. Specifically, we
explore the DCE framework by using forced-pair comparisons of
two scenarios described by multiple criteria.

2. Methods

The DCE survey in this study was carried out in accordance with
the methods used previously by Green and Gerard (2009) [18].

2.1. Attributes and levels

The selection of attributes (i.e. the features of the research
objects in a DCE, in this case the criteria that influence distributive
decisions) was based on a previously conducted systematic review
of the empirical literature on distributive preferences [21], which
aimed precisely at identifying attributes to design a DCE for rare
diseases.

To select attributes for this study, a two-step approach was used.
First, a list was created based on frequency of use as identified in the
systematic review [21]; this list comprised seven attributes, includ-
ing: improvement in health; cost of treatment; side effects; waiting
time; severity of the disease; availability of other treatments; and
value for money. The list was then discussed with methodological
experts and healthcare decision-makers to confirm its validity. As a
result, one more attribute was added: beginning of life (i.e. patients
are younger than 10 years of age). Subsequently, a pilot test was
carried out to determine the importance of each criterion relative
to the others and create an attribute ranking in order to optimize
the presentation of information during the DCE. Following another
round of discussion with experts based on the pilot results, the final
ranking of the eight attributes was created. Finally, a formal pilot
study with 10 respondents was carried out to test the comprehensi-
bility and usability of the survey tool used for the DCE, with positive
results.

The selection of levels per attribute (i.e. the defined dimensions
each criterion can take) was driven by two main considerations:
preserving the number of attributes (as they were selected based
on their importance in relevant decision-making processes) and
ensuring the feasibility of the experimental design. More levels per
attribute would require a bigger sample size to produce reliable
results. By contrast, fewer levels would not capture the differ-
ence in preferences necessary for balanced decisions. The selected
attributes and levels are shown in Table 1.

2.2. Experimental design

The design used an orthogonal, main-effects approach that
included 36 pairs of scenarios distributed into two blocks of 18
pairs each. Each scenario described a combination of attributes and
levels, with known efficiency, and it used fold-over copies to create
the necessary subsequent choices in the choice set. In this design, it
was assumed that interactions among attributes were insignificant
in all two-way and higher-order interactions (see [18]). A blocking
approach was selected to limit respondent burden and the design
was evenly balanced across the blocks.

Respondents were asked to make a series of choices about the
reimbursement of health technologies, involving two alternative
healthcare scenarios (paired comparisons). The attributes and lev-
els were presented as features of health technologies, and the
respondents were asked to put themselves in the role of a decision-
maker faced with difficult priority-setting decisions. Respondents
had to select one of the two alternative scenarios in each choice
set, based on the premise that the decision maker would not be
able to fund all health technologies due to resource constraints.
Fig. 1 shows an example of a survey question.
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Table 1
Discrete choice experiment: attributes and levels.
Attribute Description Levels
Severity of the disease Refers to the pre-treatment health state of patients; the descriptive system of EQ-5D-5, a generic quality of Moderate
life tool, was used; it spans the following dimensions: mobility; self-care; performance of usual activities;
extreme pain or discomfort; extreme anxiety or depression. Severe
Improvement in health Refers to the benefits that the patient feels following treatment along the five dimensions in Large
the EQ-5D-5L. Moderate
Small
Very small
Waiting times Refers to the time a patient must wait for treatment. Short
Moderate
Long
Availability of other Refers to the existence of alternative treatments for the same disease. Yes
treatments No
Side effects Refers to the undesired effects caused by the treatment, as any medical Few
treatment carries risks. Moderate
Many
Value for money Refers to how efficiently National Health System resources are used (e.g., doctor’s time, hospital beds, drugs) Very good
and this is based on the relationship between the cost of treatment and the health benefits produced. Fairly good
Fairly poor
Very poor
Beginning of life Refers to the age patients are diagnosed with the disease, with particular reference to diseases where the Yes
patients are younger than 10 years of age (children). No
Cost of treatment Refers to the resources that must be mobilized to ensure financing the treatment. For the purpose of the Zero
experiment, we assumed that the provision of care is financed through general taxation (as in Spain; in reality,
health systems financing is complex, varies substantially across countries and is often based on an insurance Lower
system), and that patients may be subject to co-payments for some treatments. If future treatments were to Moderate
have higher costs, higher taxes and/or higher co-payments would be required for patients. High
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Fig. 1. An example of a survey question.

2.3. Data collection

We used an online questionnaire to conduct the DCE sur-
vey described above in five European countries (England, France,
Germany, Italy and Spain). Partners of the EU-funded project
Advance-HTA (see acknowledgements) were contacted to provide

a list of technical experts in each country, including health care
managers, clinicians and/or health economists, working in the
private or public sector, with no political affiliation. Potential par-
ticipants were then invited to participate in the survey by electronic
mail. A maximal sample size was sought, with a minimum of 10
responses per country and per block to allow sufficient variance in
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Table 2
Decision makers’ characteristics by country.
England n=17 France n=36 Germany n=26 Italy n=35 Spainn=76
Sample size: Block 1 7 18 10 20 36
Sample size: Block 2 10 19 16 15 40
Mean age, mean (SD) 44 (13.62) 36.47 (12.22) 30.77 (7.91) 56.46 (8.74) 46.72 (9.77)
Household members, mean (SD) 2.53(1.46) 1.39(1.18) 2.19(6.36) 2.43(1.12) 3.3(1.22)
Health status (%)
Good 76.5 94.7 84.6 65.7 90.8
Average 235 53 7.7 343 9.2
Bad 0 0 7.7 0 0
Interview duration (seconds), mean (SD) 651.58 (398.4) 896.43 (578.61) 869.92 (834.38) 627.16 (581.87) 700.3 (408.16)
Task time (seconds), mean (SD) 33.9(70.38) 46.02 (95.59) 45.15(133.38) 32.81(97.36) 35.54(61.58)
Were the questions easy to understand (%)
Agree 52.9 31.6 29.6 25.7 67.1
Somewhat agree 17.6 395 385 314 18.4
Indifferent 11.8 2.6 3.8 20 39
Somewhat disagree 17.6 23.7 115 171 7.9
Disagree 0 2.6 19.2 5.7 2.7
It was easy to choose the answer (%)
Agree 235 184 7.7 20.0 28.9
Somewhat agree 5.9 21.1 115 371 28.9
Indifferent 29.4 79 154 143 11.8
Somewhat disagree 353 44.7 57.7 17.1 15.8
Disagree 5.9 7.9 7.7 114 145

the observed choice probabilities. This allows the probabilities to
be at a minimum level to serve as prior information for subsequent
efficient Bayesian designs.

2.4. Data analysis

Descriptive analysis was used to present the background charac-
teristics of the respondents. Means and standard errors were used
for continuous variables, and proportions for dichotomous vari-
ables. We have summarized the observed responses by pair and
country using proportions and sample sizes. The DCE paired com-
parisonsyielded binary choice data, with ‘1’ representing the option
being chosen and ‘0’ the one not chosen. Conditional logit modelling
was used to obtain relative weights.

In a DCE, utilities are not directly observable but have to be
estimated. Following McFaden’s framework, based on the random
utility theory, estimations are based on the assumption that par-
ticipants chose scenario A over scenario B, scenario A because it
gave them a higher utility. Therefore, a conditional logistical model
[22] can be applied and the coefficients of the model represent the
relative weights of each level of each attribute, allowing for both
the interpolation and extrapolation of utilities that have not been
observed within the population. In other words, the coefficients
of the model can be interpreted to denote the relative importance
that the sample gave to the movement from the reference level for
a given attribute to a different level. Given the codification of the
levels by attribute (a=reference case, b=1, c=2 and so on), there
could be positive and negative coefficients. For example, for the
attribute related to the availability of treatment alternatives, the
reference case (a) is “Yes”, so that the coefficient of level b will
show the change in the utility when moving from “Yes” to “No”.
In this case, we expect a positive coefficient; if there is no other
existing treatment, the chance of being funded is higher. However,
for the attribute related to disease onset at the beginning of life, the
opposite is the case and we would expect a negative coefficient.

We applied an exclusion criterion for respondents who took
200s or less to complete the survey to eliminate random (non-
meaningful) responses. The number of respondents and the
observed choice probabilities per country before and after exclu-
sions can be found in Supplementary Table 1 (online appendix).

All statistical analyses were performed using STATA MP [23].

3. Results

A total of 199 questionnaires were completed. Of these, nine
were excluded from the analysis in line with the exclusion criterion
described above. Thus, the valid sample comprised 190 respon-
dents, with the majority coming from Spain (76), followed by
France (36), Italy (35), Germany (26) and England (17). Sample sizes
by block mostly surpassed our expectations (>10 respondents).
While only seven respondents completed block 1 in England, no
respondents in that country were excluded from the analysis. The
application of the exclusion criterion eliminated a higher share of
respondents from Italy (6 out of 35) but did not have a bigimpact on
the observed probabilities, indicating similar preferences between
included and excluded respondents (Supplementary Table 1). The
main characteristics of our sample are shown in Table 2. The mean
time to complete each task was similar in England and Spain, while
longer in Germany and France, and short in Italy.

The observed choice probabilities differed from country to coun-
try. In England, observed probabilities ranged from 0% to 100%
whereas in Spain, they ranged from 38.9% to 69.4% (Supplemen-
tary Table 1). This means that different decisions would be made
in Spain for a single scenario depending on who made the deci-
sion, while in England, there was better consensus on decisions.
Responses from Germany and Italy showed a similar pattern to the
Spanish, albeit in different scenarios.

The coefficients in Table 3 reflect the utilities related to the
changes in each of the attribute levels relative to the reference case.
For example, a health technology scenario with very good value for
money has a greater level of utility (social value) than scenarios
with fairly good or a fairly poor value for money, all else being equal.
All the logit model coefficients showed similar patterns. Many coef-
ficients are close to 0, which is due to the response of the model
to the observed probabilities. The closer these probabilities are to
50%, the smaller the distance in the expected utility between the
two options of the DCE. Since in Spain the probabilities are all close
to 50%, the model obviously does not reflect any substantial prefer-
ence (as there is none). However, the English models show the same
relative preference for attributes. Improvement in health, value for
money, cost of treatment and availability of other treatment are
the attributes that received the most attention, while less impor-
tant were severity of the disease, waiting times, beginning of life
and side effects. Fig. 2 shows the observed choice probabilities and
those predicted by the model for each country.
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Table 3
Logit models, coefficients by country.
Criteria Levels Country
England France Germany Italy Spain
Severity of the disease Severe 0.216 —0.057 —0.055 0.035 0.082
Improvement in health Moderate -0.626 0.294 0.153 0.264 0.047
Small -1.235 0.422 0.061 0.023 —0.081
Very small —2.804 -0.014 0.043 -0.344 0.012
Waiting times Moderate 0.375 0.103 —0.206 0.158 -0.176
Long -0.259 -0.141 0.09 -0.123 —0.081
Availability of other treatment No 0.766 0.347 0.044 0.06 -0.126
Side effects Moderate -0.419 —0.037 —0.039 —0.461 —0.009
Many -0.624 0.093 —0.032 0.261 0.043
Value for money Fairly good -0.799 -0.303 -0.034 0.053 —0.032
Fairly poor —-0.663 0.269 0.08 0.161 0.023
Very poor -1.86 0.129 -0.117 0.115 -0.011
Beginning of life No -0.537 0.121 0.101 —0.048 -0.027
Cost of treatment? Low 0.878 0.207 0.022 0.012 —0.027
Moderate 0.018 -0.1 —0.023 -0.433 0.122
High -0.786 0.2 0.061 -0.029 0.045

Note: None of this coefficient was statistically significant; variance-covariance matrix of each model can be found as supplemental material of this manuscript.
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Fig. 2. Observed choice probabilities versus logit models prediction by country.

4. Discussion

When policy makers are involved in the exercise of priority-
setting, they are often faced with difficult decisions between
different options that may all be regarded as potentially benefi-
cial. Policy debate about funding criteria for treatments in rare
diseases is gaining importance. It is argued that society should not
give up on the most severely ill individuals who need very spe-
cialised, often unaffordable treatments (orphan drugs) and who
have no other treatment options available [24,25]. As treatments
for rare diseases do not usually meet the cost-effectiveness thresh-
olds used to evaluate new drugs, perhaps only a societal preference
would justify granting exceptions to cost-effectiveness thresholds
for orphan drugs. The DCE approach allows for individual pref-
erences to be observed by adding criteria to the traditional cost
per QALY models. Indeed, DCE outcomes may be more appropri-
ate for demonstrating the relative importance of the attributes of a
healthcare intervention than for predicting real choice.

In recent years, a number of frameworks have been published
using MCDA to guide reimbursement decisions for orphan drugs
[11,12,26] or aiming to support public policy on the funding of
drugs for rare diseases [27-29]. Preference elicitation for the pri-
oritization of healthcare interventions (including medicines) using
DCEs has also been the subject of previous work [18,30,31]. Such

approaches have the potential to be of use to health technology
assessment bodies and payers [11]. Previous work has shown that
DCE data can contribute to determining the strength of preferences
between alternative scenarios in a priority setting context, adding
to the sparse literature on ‘social’ preferences [18], and confirmed
the importance of disease severity and treatment effectiveness as
important dimensions shaping preferences for the public funding of
medicines [30]. Furthermore, there is evidence to support that will-
ingness to gain benefit despite increased risk increases as a function
of disease severity, impairment or disability, and the absence of
suitable therapies [31].

Here, preferences regarding the public funding of drugs to
combat rare diseases were studied from the decision-maker’s per-
spective. A pilot MCDA study with a DCE design was carried out to
develop and apply a framework of weighted attributes that could
serve to determine the value of orphan medicinal products. We
consider it a pilot study, as it relied on a convenience sample of par-
ticipants in five European countries. The principal motivation for
this study was the absence of explicit, weighted value frameworks
for the reimbursement of orphan drugs in the literature. DCEs for
orphan drugs have mostly been used by health care payers attempt-
ing to prioritize options at a relatively high level. We are not aware
that any health technology assessment (HTA) institutions or pricing
and reimbursement authorities currently apply DCE methods.
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The DCE method allows utility weights to be obtained from
groups of decision-makers with homogeneous preferences; when
preferences are heterogeneous, the method can fail. This was an
issue in all countries participating in the study except for England,
where it was only a minor concern. There could be two possible rea-
sons for these results. First, many respondents may have completed
the survey randomly in the other countries, but not in England.
If this were true, the time spent completing the survey should
be longer in England, on the assumption that a random response
would be quicker than a meditated response. However, this was
not the case. The second explanation appears more likely: it is pos-
sible that the strong tradition of HTA in England has led to a more
defined role for certain criteria in decision-making compared to
other countries. Therefore, decision-makers probably agree more
often on how these criteria should be weighted. In other countries,
where policies are not so clear (like Spain), each decision-maker
may have different preferences, leading to different decisions for
the same scenario when multiple decision-makers are involved
at different levels (e.g. regions). This produces inconsistent model
results, as the probabilities do not define clear rules to make a
decision.

In terms of relative changes in utility (logit function) for the
attribute levels, even taking into account the issues discussed
above, the models for the five countries showed relative prefer-
ences for some attributes over others, with variability between
countries.

The findings in this study are in line with earlier work from Eng-
land, where face-to-face interviews were used on a sample from the
general population, and where improvement in health and value
for money were the attributes that provided the strongest indica-
tion of social value (preference) [18]. While our findings show that
severity of disease, waiting times, onset of the condition early on in
life and side effects remain relevant social values and should not be
ignored, they also confirm that cost of the treatment, improvement
in health, value for money and the availability of treatment alterna-
tives can provide a strong indication of the social value (preference)
associated with a healthcare intervention in many instances.

This study has a number of limitations. The experimental design
is not based on prior information. The implementation of the
small orthogonal design induced multicollinearity of at least one
parameter for each model. A larger number of choice sets per
respondent could have increased granularity but also task com-
plexity; an optimal study design would need to further balance
these two dimensions. The results presented here are based on a
simple analytical framework, using the conditional logistic model.
We consider this sufficient, as it was not the aim of this study to
establish a definitive framework but rather to generate the prior
information necessary to inform future Bayesian designs. A fur-
ther limitation is the absence of objective data on non-random
responses in the sample due to the internet-based nature of the
survey. Based on the relatively short times some respondents took
to complete the survey, we cannot be confident about the quality
of all responses. However, there is no validated method to address
this issue; we attempted to correct resulting bias by excluding
responses completed in very short times from the analysis. Addi-
tionally, the sample used may not provide a good representation
of the perspective of decision-makers in the five countries. As this
is a pilot study, we were satisfied with being able to infer even a
degree of generalisability of the findings.

Overall, we are convinced that our results are useful and indica-
tive of what may be possible in future research of this type. The
application of flexible and better adapted DCE designs and econo-
metric methods is being reinforced through the enhanced use of
qualitative methods to complement the DCE process. However,
qualitative research is employed less frequently to drive attribute
selection, potentially introducing a bias in DCEs through the omis-

sion of variables if the decision framework is not defined prior to
performing the research. The attributes employed to design this
study appear to be important, yet this does not exclude the use of
other attributes in similar future studies. In future work, it would be
important to consider the use of face-to-face interviews and other
qualitative methods (interviewer-administered DCEs), which could
provide more information on the interpretation of attributes, bet-
ter insight on how choices are made and a stronger incentive for
thoughtful engagement in the research.

Continued prioritisation of rare diseases by policy makers is rec-
ommended by some to drive continued development of orphan
drugs, along with better alignment of payers and regulatory frame-
works, value-based pricing and instruments that favour long-term
economic sustainability. These recommendations also point to the
need to establish more coherent frameworks and to encourage
interactions between all stakeholders, including research-based
industry, clinicians, payers, patients and patient associations [10].
While we sought to use a simple design, our study confirms the
feasibility of similar exercises and these preliminary findings can
be used to set up more detailed studies in the future to serve this
purpose. Case studies could be conducted to test the approach
empirically, by applying the logit coefficients of the attributes in
this study to drugs for specific conditions (e.g. spinal muscular
atrophy).

5. Conclusions

Our results suggest that a “beyond Cost-QALY” framework could
be created by using DCEs, especially to support “fair play” in the
decision-making process for rare diseases. However, our research
also highlights that a number of methodological aspects still need to
be considered in order to design an appropriate experiment, partic-
ularly regarding the use of face-to-face interviews instead of online
surveys. The insights gained from this work could be useful for the
design of future research following similar approaches.
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