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Abstract

Background Debate on pricing and reimbursement of cancer medicines highlights the need to establish the value of cancer
medicines.

Objective This study aims to elicit the trade-offs in cancer medicine characteristics that the Belgian population is willing
to make.

Methods A discrete choice experiment used six attributes with three levels each, based on literature and focus group discus-
sions. The survey was sent to a random sample of 3500 Belgian citizens. Based on the choice of 961 respondents, individual
parameters were estimated with a mixed logit model.

Results Societal value of cancer medicines was positively affected by a higher number of patients eligible for treatment, a
high initial life expectancy and quality of life of patients, a high gain in quality of life and life expectancy due to treatment,
and a low treatment cost. The value of 1-year gain in life expectancy was independent from the initial life expectancy of the
patient. However, the value of one-point gain in quality of life was higher for patients with a low initial quality of life than
for patients with a high initial quality of life.

Conclusions This study has shown that gain in quality of life with cancer medicines is valued higher by Belgian society for
patients who have lower initial quality of life before the start of treatment.

1 Introduction

Key Points for Decision Makers

Being the number one therapeutic area for global spend-
ing on medicines, cancer is identified as a major driver for
increased spending on medicines, and this trend is expected

This study provided evidence about the way in which the
Belgian population makes trade-offs between character-

istics of new cancer medicines.

The value of an increase in quality of life was higher for
patients who have a low quality of life before treatment.

Trade-offs between quality of life and life expectancy is
depended on the patient’s initial quality of life.
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to continue in the future [1-4]. While the number of avail-
able treatments, cancer incidence, demographics and diag-
nostics account for rising utilization, there is pressure on
cancer medicine prices [5]. However, list prices of cancer
medicines do not account for confidential discounts in many
countries, jeopardizing transparency about pricing both
within and between countries [6, 7].

Given that financial resources are constrained, health
authorities need to prioritize the most valuable medicines.
Furthermore, rejection of reimbursement of cancer medi-
cines based on prices that outweigh the benefits often evokes
societal debate. Therefore, national health authorities tend
to make exemptions from cost-saving or benefit-maximizing
measures in order to enable patient access to newly launched
cancer medicines that would otherwise not reach the market
due to their price [8]. Even though such exemptions may
be justified by a societal preference for access to cancer
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medicines, a systematic literature review found inconsistent
results relating to cancer preferences [9].

The struggle that national health authorities face during
price setting and reimbursement of cancer medicines high-
lights the need to establish the value of cancer medicines
[10]. Furthermore, the relevance of outcomes and endpoints
in clinical trials for cancer is currently debated by regulators,
payers and clinicians [11], making it hard to define what can
be considered a valuable cancer medicine. While price is
often related to the price of competitors and to what society
is able to bear [5], value refers to the intrinsic appreciation
of the medicine. Different perspectives on value hold, but in
light of efficient resource allocation within a social health
insurance system, payers need to take account of societal
preferences.

Previous research on societal preferences for resource
allocation in health care has identified multiple criteria for
priority setting, but also showed that results are heterogene-
ous and are likely to be context-specific and dependent on
the elicitation method [12—14]. Focusing on priority setting
in cancer care, a literature review indicated that results vary
between types of respondents [15]. The aim of this study is
to quantify trade-offs in cancer medicine characteristics that
the Belgian population is willing to make.

2 Methods
2.1 Selection of Attributes and Levels

The databases Medline and Embase were searched in
December 2014, for evidence about preferences for
resource allocation published in English over the last
20 years. The search terms used were “preferences” or
“value” or “choice” and “priority” or “resource alloca-
tion”. Additionally, a study performed on societal prefer-
ences for resource allocation in health care, performed by
the Belgian Health Care Knowledge Centre in 2014, was
taken into account [12]. Societal preferences for resource
allocation in general have been investigated, but no such
study specific for cancer medicines was found. Based on
a search of 13 relevant articles, a list of nine attributes
that are potentially involved in societal valuation of can-
cer medicines was made. Three focus group discussions
(FGDs) with six participants each were conducted in
February 2015 with a view to make a further selection of
attributes relevant for valuation of cancer medicines, and
to identify wording that is understandable to lay persons.
Participants for FGD were recruited through flyers distrib-
uted in the University Hospitals Leuven and social media.

FGDs were conducted according to the recommenda-
tions by Krueger and Casey [16]. The FGD started with
a short introduction by all participants. An introductory
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question asked about their thoughts and feelings that are
evoked when talking about cancer. Next, the aim and
course of the FGD was explained and the topic of budget-
ary constraints and resource allocation was introduced.
First, three statements based on ethical principles (equity,
health-maximization and rule of rescue) were presented to
start an introductory discussion. Then, three hypothetical
scenarios were presented to ask about characteristics of
(A) a patient, (B) a disease or (C) a medicine that par-
ticipants would use to prioritize if there is only money
to treat one (A) patient, (B) disease or (C) use one medi-
cine. FGDs were led by one researcher, video and audio
recorded, verbatim transcribed and analyzed using the-
matic framework analysis. All transcripts were analyzed
anonymously. Participants received a compensation of
€20. FGDs were repeated until data saturation.

Results of the FGD are described elsewhere [17]. Six
attributes with three levels each were defined, including
the possibility to set levels in a quantitative manner, the
relevance of the individual levels, and plausibility of the
combinations of levels that are related to each other. Attrib-
utes describing behavior or personal characteristics of a
patient, not specific to a medicine or the disease that the
medicine will treat, were excluded. For the cost attribute,
levels needed to be of a certain burden on the one hand, and
mutually distinguishable on the other hand. Given that can-
cer medicines are in general liable to third-party payment by
the social health insurance system in Belgium, the absolute
price or budgetary impact of cancer medicines was assumed
to be irrelevant for the majority of citizens. Therefore, the
cost attribute was defined as the additional tax per year that
every taxpayer needs to pay to cover the reimbursement of
the medicine. Assuming that people are not aware of the
taxes retained from income, the levels were chosen based
on the yearly compulsory contribution that is directly paid
to the health insurance fund by each Belgian citizen. Attrib-
utes and attribute levels (levels were subsequently recoded
to facilitate interpretation) are presented in Table 1.

2.2 Survey Design

Six attributes with 3 levels each result in a full factorial
design of 729 scenarios that was reduced to a fractional fac-
torial design of 4 blocks consisting of 10 pairwise choice-
sets each, taking into account D-efficiency and avoiding
duplicates and dominant alternatives. Six main effects and
two interaction effects were estimated. Prior information
concerning people’s preferences was considered with a
view to organize attribute levels from low to high prior-
ity. For each block of choice sets, a survey was designed,
resulting in four versions of the survey, differing in attribute
levels. The survey asked respondents to choose between two
hypothetical cancer medicines, if only one of them can be
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Table 1 Attributes and attribute levels for the discrete choice experiment
Attribute Levels Coding

X1 Number of patients 1000 1
Number of patients eligible for treatment with the medicine 5000 5
10,000 10
X2 Initial life expectancy 6 months 1
Life expectancy of the patient who is eligible for treatment with the medicine. Life expectancy 2 year 4
before treatment 10 year 20
X3 Initial quality of life 2/10 2
Quality of life of the patient who is eligible for treatment with the medicine. Quality of life 4/10 4
before the treatment 6/10 6
X4 Gain in life expectancy No gain 0
Gain in life expectancy due to the treatment 2 years 2
5 years 5
X5 Gain in quality of life No gain 0
Gain in quality of life due to the treatment 2/10 2
4/10 4
X6 Cost €20/year 2
Extra tax per year that every taxpayer needs to pay to cover the costs of the treatment €40/year 4
€60/year 6

Continuous coding was applied for the statistical analysis

reimbursed by the social health insurance system (an exam-
ple of a choice set included in the survey is presented in
Fig. 1). Additional information on each of the attributes was
provided. Respondents were asked about their sex, year of
birth, highest level of education, income group and whether
they had been diagnosed with cancer previously. The survey
was provided to the sample respondents by paper or online
through Limesurvey.

2.3 Sampling and Correspondence

The survey was pre-tested in a group of 15 randomly selected
visitors to the University Hospitals Leuven. This pre-test
provided validation of the survey in terms of clarity of pres-
entation and survey instructions, task difficulty and length of
the survey. Sampling and correspondence were conducted by
the Federal Public Office Internal Affairs in agreement with
the Belgian Privacy legislation. A random sample was drawn
from the Belgian National Registry of patients aged between
19 and 80 years, with a view to extracting a sample that is
representative of the Belgian population. Distribution of age
and place of residence (region) were predefined. The pilot
survey was sent to a sample of 250 individuals in the Dutch-
speaking community of Belgium. The main survey was sent
to a sample of 3500 individuals in the Dutch-speaking and
French-speaking community in Belgium, excluding the Ger-
man community due to language barriers. The researchers
had no access to sample information. Each respondent was
anonymously allocated to a response code and linked to one

of the four blocks. On day one, the sample was invited to
participate in the online survey for which a web link was
provided. The invitation letter started with an introduction,
emphasizing the burden of cancer medicines on the public
health-care budget and the trade-offs that policy makers need
to make to allocate the scarce health-care budget. Respond-
ents were required to fill in the respondent code before they
could start the survey. After seven days, a reminder postcard
including the web link and respondents code was sent to the
complete sample. After 21 days, a second reminder was sent
to non-responders, including the paper version of the survey
and a stamped envelope to return the completed question-
naire. The invitation for the final survey was sent on October
7th, 2015 and data collection was closed on December 1st,
2015.

2.4 Analysis

Respondents for whom an invariable or alternating pattern
was observed in the answers were excluded. First, a condi-
tional logit model was estimated using SAS 9.4 yielding the
preferences of an average person. Attributes were selected
based on 0.05 significance level. Furthermore, a mixed logit
model was estimated using the R-package bayesm to get
individual preference parameters. In this model, the util-
ity that person n gets from alternative j in choice set s was

assumed to be:
Unjs = ﬁanjs te

njs»
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Two new medicines to treat cancer enter the market. Which of both medicines is most valuable according to you? All characteristics that are not described, are the same
for both medicines. Even when none of these medicines is good according to your opinion, you can indicate the medicine that is the most valuable one from the two. We
want to know your opinion, there is no right or wrong. You can find additional information on the characteristics below.

T e T ]

5 000 patients 1 000 patients
Time until the patient dies (=life expectancy) when the patient will not be treated with the medicine 10 year 2 year
Quality of life of the patient whe patient will be not treated with the medicine 2/10 6/10
Quality of life that the patient can gain due to the medicine +0/10 +2/10
Additional tax that every taxpayer needs to pay when the medicine will be reimbursed €60 per year €40 per year

Indicate the medicine that is most valuable according to you

Explanation of the characteristics

Number of patients: the number of patients that is eligible for treatment with the new medicine

Time until the patient dies (=life expectancy) when the patient wjll not be treated with the medicine: number of months or years that the patient will live when he will not be treated with
the new medicine. Life expectancy of a patient with a disease that is eligible for treatment with a new medicine, but not (yet) treated with the new medicine.

Number of years of life that the patient can gain due to the medicine: number of life years that the new treatment yields. The effect of the new treatment on the time until the patient dies.
These years of life adds to the life expectancy that the patient has when he s not treated with the new medicine.

Quality of life of the patient, when the patient will be not treated with the medicine: quality of life of a patient with a disease that is eligible for treatment with the new medicine, but is
not (yet) treated with the new medicine. This quality of life involves for example the mobility, autonomy, daily activities, pain and mood of the patients. This i expressed on a 10-point scale.
A score of 10/10 mean that the patient had a perfect quality of life. The higher the score, the better the quality of life of the patient.

Quality of life that the pain can gain due to the medicine: the number of points that the patients wins in quality of life due to the new medicine. The gain in quality of life due to the new
medicine. This gain in quality of life adds to the quality of life that the bpatient has when he is not treated with the new medicine.

Additional tax that every taxpayer needs to pay when the medicine will be reimbursed: the money that is used by the health insurance funds to pay the medicines, comes from taxes that
citizens like you pay. The extra amount of money that every taxpayer in Belgian needs to pay yearly, additional to current taxes, in order to cover the costs of the new medicine.

Fig. 1 Example of a choice set included in the discrete choice experiment

where X, has the values of the p attributes that relate to

the alternative j in choice set s of decision maker n. 3, is
a p-dimensional vector of parameters representing the val-
ues that person n attaches to the p variables. The random
terms ¢,,; were assumed to be independently and identi-
cally extreme value distributed and for the ith element of
B, (i=1...p) we assumed a normal distribution N(;; 6,°).

Willingness to pay (WTP), i.e. marginal rate of substi-
tution, was calculated by the negative ratio of the average
estimate of attribute i and the average estimate for price
(= 1/ Hprice), taking into account interaction terms where
appropriate. Post-hoc comparison with the attributes dummy
coded gave a slightly better fit (pseudo R>=0.1839) [18]
than the model with linear effects of the attributes, but we
report the latter model because the former would complicate
the interpretation of WTP considerably.

Characteristics of respondents were analyzed using
descriptive statistics in MS Excel. The influence of these
respondent characteristics on the individual estimates from
the mixed logit model was further tested using linear regres-
sion with backward selection based on 0.05 significance
level.
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3 Results
3.1 Sampling

A response rate of 30.7% (1074/3500) was obtained. Based
on validity of responses and excluding questionnaires that
had not been fully completed, 961 respondents were retained
in the final analysis. Fifty-seven percent (546/961) of these
respondents completed the questionnaire online, while the
remaining 43% (414/961) of respondents completed the sur-
Vey on paper.

Descriptive statistics of the sample are presented in
Table 2. Based on data from Statistics Belgium [19] and
from Eurostat [20], the group of respondents resembled the
Belgian population. On 1st January 2015, 50.89% of the Bel-
gian population was female and 49.11% was male. In 2014,
15.7% of the population (aged over 15) were educated in
primary school, 55% were educated in secondary school, and
29.6% had received higher education. The average net house-
hold income per month was €1333 in 2011. The median age
of the Belgian population in 2014 was 41.2. Three percent
of the population was alive after being diagnosed with can-
cer between 2004 and 2014. However, the group of French-
speaking participants was underrepresented compared to the
group of Dutch-speaking participants. Therefore, to check
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Table 2 Descriptive statistics for respondents of discrete choice
experiment (n=961)

N %

Gender

Female 472 49.2

Male 438 45.6

Missing 50 5.2
Age (2015) Average 47.94 (19-80, SD

15.50, n=910)

Language

Dutch 728 75.8

French 232 24.2
Highest level of education

Primary school 89 9.3

Secondary school 397 41.1

Higher education 417 434

Missing 57 59
Net household income per month

Less than €1000/month 63 6.6

€1000/month—€2500/month 392 40.8

€2500/month—€4500/month 372 38.8

More than €4500/month 75 7.8

Missing 58 6.0
Diagnosed with cancer

Yes 66 6.9

No 843 87.8

Missing 51 53

for potential language effects, we included interaction terms
between all six explanatory variables and a dummy repre-
senting the different languages in the conditional logit model
to allow for different parameters for the Dutch- and French-
speaking respondents. None of these interaction terms were
significant (with p-values between 0.24 and 0.97), which
indicated that different language groups are not different
when assessing the relative value of an attribute level.

3.2 Modelling

The estimated mean in the mixed logit model (log likelihood
value: —5133.4) was found to be similar (correlation=0.99)
to the estimates for the preference of an average person in
the conditional logit model (log likelihood value: —5199.8),
which demonstrated that the results are robust. The condi-
tional logit model (see Table 3) showed that all attributes
significantly influence the value of a cancer medicine for
an average person (pseudo R?>=0.1739) [18]. Except for the
cost-related attribute, people assigned higher value to the
treatment when the attribute level is higher (Table 3). For
instance, if the number of patients increases by 1000, then
the value of treatment rises by 0.067. We tested for all inter-
actions between attributes but reported significant interac-
tions only in Table 3.

No significant interaction was found between initial life
expectancy and gain in life expectancy. In other words, the
value of 1-year gain in life expectancy was independent of
the initial life expectancy of the patient. Based on price lev-
els set in the survey design, the marginal WTP for 1-year
gain in life expectancy was €3.55 (— u,/ue), irrespective of
the initial life expectancy of the patient.

The interaction between initial quality of life and gain
in quality of life was significant and had a negative sign
(Table 3). This means that one-unit gain in quality of life was
worth more for patients with lower initial quality of life than
for patients with higher initial quality of life. For instance,
the WTP for one-unit gain in quality of life was 64% larger
for a patient with an initial quality of life of 2/10 than for
someone with an initial quality of life of 6/10.

With respect to the trade-off between gain in quality of
life (which depends on initial quality of life) and gain in
life expectancy, the value of 1-year gain in life expectancy
(€3.55 in terms of WTP) was equal to a one-point increase
in quality of life for a patient with an initial quality of life
of 4/10. When the initial quality of life of the patient was
higher than 4/10, one-point gain in quality of life was worth
less than 1-year gain in life expectancy. When the initial
quality of life of the patient was lower than 4/10, one-point

Table 3 Average of individual parameters of estimates for discrete choice experiment

Conditional logit Mixed logit

p (SE) p value u (SE) p value o (SE) p value
X1 Number of patients 0.0647 (0.0071) <0.0001 0.0878 (0.0108) 0.0702 0.1175 (0.0103) <0.0001
X2 Initial life expectancy 0.0104 (0.0031) <0.0001 0.0095 (0.0053) <0.0001 0.0896 (0.0051) <0.0001
X3 Initial quality of life 0.1382 (0.0205) <0.0001 0.2178 (0.0301) <0.0001 0.2187 (0.0329) <0.0001
X4 Gain in life expectancy 0.3265 (0.0141) <0.0001 0.5001 (0.0245) <0.0001 0.2669 (0.0244) <0.0001
X5 Gain in quality of life 0.5034 (0.0304) <0.0001 0.7606 (0.0461) <0.0001 0.3676 (0.0260) <0.0001
X6 Cost —0.1103 (0.0148) <0.0001 —0.1771 (0.0222) <0.0001 0.2359 (0.0229) <0.0001
X3xX5 Quality X gain quality —0.0410 (0.0059) <0.0001 —0.0635 (0.0081) <0.0001 0.0128 (0.0142) 0.3705
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gain in quality of life was worth more than 1-year gain in
life expectancy.

Average preferences were not significantly different for
males and females, but a significant difference was observed
between respondents who completed the online survey and
respondents who completed the paper version of the sur-
vey: respondents who completed the online survey attached
a lower value to initial life expectancy, but attached a higher
value to the number of patients, gain in life expectancy, and
gain in quality of life.

Individual estimates for the preference related to gain in
quality of life based on the mixed logit model correlated
positively with the educational level of the respondents, indi-
cating that respondents with the lowest educational level
(primary school only) attach less value to gain in quality
of life compared to higher educated respondents (correla-
tion=0.101, p=0.002). A significant positive correlation
between individual estimates related to initial life expec-
tancy and the age of the respondents indicated that older
respondents assign more value to initial life expectancy than
younger respondents (correlation=0.122, p <0.005).

4 Discussion

The expanding number of cancer patients and emerging
therapeutic options with escalating costs require priority
setting in resource allocation for cancer medicines. Empiri-
cal evidence on societal preferences allows to set priorities
in an informed way. A high number of patients eligible for
treatment, a high initial life expectancy and quality of life of
patients eligible for treatment, a high gain in quality of life
and life expectancy, and a low cost are preferred for cancer
medicines by the general society in Belgium.

While a preference for larger health gains was also
observed in other studies [12, 13, 15, 21], to the best of
the authors’ knowledge, this is the first study demonstrat-
ing the effect of a patient’s initial quality of life on how
society weighs gain in quality of life. The preference for
gain in quality of life decreases when the initial quality of
life is higher. This is in line with diminishing preferences
for health gains as the size of health gain increases [13,
22]. The fact that gain in quality of life is of higher value
for patients who have lower initial quality of life before
the start of the treatment, suggests that society prefers to
obtain a minimum quality of life for all patients [13, 22].

The assessment of quality of life will however require
input from the patient. Patient involvement in decision
making at several levels of the medicine lifecycle nowa-
days is increasingly enabled through collaborative research
projects between industry and academics. At regulatory
level, patient reported outcomes (PRO), including health-
related quality of life (HRQL), were put under scrutiny by
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the Oncology Working Party at the European Medicines
Agency (EMA) [23]. Until today, appreciation of HRQL
within cancer trials is mainly limited to late line therapies
and palliative settings and therefore, the number of clini-
cal trials measuring quality of life for cancer medicines
is low [24]. By April 2016, an appendix on the use of
PRO was added to the EMA guideline on the evaluation
of anticancer medicines and recognized that clinically
important information can be missed by solely considering
outcomes related to survival or anti-tumor activity [25].
With the prospect of PRO and HRQL consideration in the
approval of a cancer medicine at regulatory level, payers
also need to prepare to take PRO and HRQL into account.
For instance, debate continues in the literature whether the
EuroQol five-dimension scale (EQ-5D) captures the most
relevant outcomes for cancer patients [26, 27].

Based on societal preferences as revealed in our study,
specific unmet needs in terms of quality of life and life
expectancy can be defined by considering the initial health
state of the patient under the standard treatment. The devel-
opment of valuable cancer medicines can be incentivized
when premium price setting and reimbursement distinguish
between those medicines that meet these needs and those
that offer less relevant health benefits.

This study is limited to generic attributes that character-
ize a medicine, its effect or the disease that it intends to
treat. Attributes are not specific to cancer; but applying the
experimental setting to cancer medicines provides a context
recognized by lay persons because cancer is a disease of all
social and demographic classes in the population.

No conclusions on the external or internal validity of
our results can be drawn. First, the choice of attributes and
their levels, the selection of choice sets, and framing effects
may influence results [28]. Second, we assume that partici-
pants consider all attributes and all levels during the choice
task, while research has shown that ignorance of particular
attributes or levels can occur and can lead to bias [29, 30].
Although our model does not account for complex choice
behavior, the selection of attributes and design of survey is
based on empirical research and extensive piloting to ensure
cognitive burden and understanding of choice behavior.
Finally, choice elicitation techniques other than a discrete
choice experiment exist and can lead to other results.
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