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Abstract

Introduction Primary objective of the study was to assess the relative weighting between benefit in survival time (SV), benefit
in quality of life (QoL) and willingness to experience adverse events (AEs), in patient preferences for chemotherapy treatment.
Materials and methods We included cancer patients with current or past systemic treatment of cancer (STC) as well as
physicians placed as hypothetical patients. Participants filled a choice-based conjoint analysis questionnaire with 19 choices
among three STC scenarios with variable amounts of benefit in SV or QoL and different types AEs.

Results One hundred patients (50 on curative and 50 on palliative intention treatment) and 114 physicians (61 oncologists
and 53 non-oncologists) were included and asked about their preferred chemotherapy treatment. The relative weighting (sum
100%) of SV-QoL~AEs for making the choice in the 100 patients was SV35%—CV33%—AEs31% what was not significantly
different from a random distribution (Goodness of fit Chi square P=0.91) just as it was not for both subgroups, palliative
(SV37%—QoL29%—AEs34%; GoF Chi square P=0.55) and curative (SV34%-QoL36%—AEs30%; GoF Chi square P=0.73)
treatment. The observed distribution in the group of 114 physicians (SV46%—QoL31%—AEs23%) was significantly different
from a random distribution (GoF Chi square P =0.018) just as it was for both subgroups, medical oncologists (SV48%-
Qo0L.29%-AEs23%; GoF Chi square P=0.006) and non-medical oncologists (SV44%—-QoL33%—AEs23%; GoF Chi square
P=0.04).

Conclusions The three attributes (SV, QoL, and AEs) are considered in the same way by cancer patients to make choices
on their STC. On the contrary, when placed as hypothetical patients, physicians prefer for themselves those treatments that
provide more SV.
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New drug developments come in many shapes and sizes.
Some are disruptive and even life saving, but unfortunately,
more often they come with only incremental clinical ben-
efits. The former generate undisputable improvements in
survival that outweigh the risk from their potential adverse
events (AEs). For the latter, though, the benefit-risk ratio
can be subject of different views and interpretations. In this
context, patient preferences have been ignored by physicians
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when taking clinical decisions, by technology evaluation
agencies [1] and regulatory bodies when delineating regu-
latory approval rules as well as by scientific societies when
designing value framework tools [2, 3].
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The so-called personalized treatment of cancer is a suc-
cessful concept, accepted by all the stakeholders [4, 5].
Likewise, patient preferences would play a role in the per-
sonalization of cancer treatment if they could be used as
therapeutic targets for treatment decision making [6, 7].
To investigate these issues, we have designed a mathemati-
cal model which simulates a perfect-competition market in
which the consumer is a patient with an advanced cancer
who seeks to acquire benefits from systemic treatment. In
this market, the patient must pay the price in the form of AEs
instead of paying with monetary units. We have named this
model “The Oncology Market”. In the first study, published
in 2017, we showed that patients were able to score, in a
reproducible way, the impact of AES on their QoL [8]. In the
second study, whose results we are presenting herein, we use
choice-based conjoint analysis to determine the weighting of
the benefits (prolongation of survival time and improvement
in QoL) and the price to pay (AEs), in the choice of a thera-
peutic regimen as the preferred one by a particular patient
who needs to be treatment for an advanced cancer. Conjoint
analysis is useful to assess how people value several char-
acteristics of consumer goods together and was originally
designed to conduct market studies. However, it has also
been used for more than 20 years to elicit patient preferences
[9] and has recently proven to be useful in cancer patients
[10]. Taking the comparison with a capitalist market to the
extreme, we tried to assess the trade-off rate between “addi-
tional survival time” and “enhanced QoL”, as two market
goods. The interest of this analysis lies in that both goods
(benefits from treatment) are the two dimensions of the
QALYs [11]. Indeed, using microeconomics terminology,
we investigated if survival time and QoL may be defined
as two perfect supplementary goods (such as blue and red
pencils for a consumer who wants many pencils and he does
not care about the color), or as two perfect complementary
goods (such as shoes on the right and left foots which con-
sumers mostly wants to buy in pairs).

Methods

Study design

This is a cross-sectional study in which the subjects
responded to a questionnaire designed with choice-based
conjoint analysis method. In addition, they must answer a
single straightforward question outside the conjoint analysis
questionnaire.

Conjoint analysis

Three different attributes were included, two benefits pro-
vided by chemotherapy treatment (the goods) and AEs (the
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price). The target benefits were additional survival time and
improvement in QoL, both provided by treatment compared
with the no-treatment option. Nineteen questions were for-
mulated as follows: “Which of these three treatments asso-
ciated with these three different scenarios of improvement
in survival time, enhancement of QoL and AEs, would you
prefer to receive as a treatment for advanced cancer? You
can refuse those options and choose a no-treatment option
(the fourth option in every choice)”. Table 1 shows the
attributes, the levels and a sample of the 19 choices among
3 scenarios (out of 288 possible combinations of benefit in
survival time/benefit in QoL/AEs) that the participants had
to make. Survival time (SV) benefit was measured in months
or years from < 1 month to 5 years or more (segmented into
6 levels). The benefit in QoL was measured with the result
on a visual analog scale between 0, the worst conceivable
QoL and 100, the best conceivable QoL. The scenarios
showed increases of varying magnitude from one QoL level
to another from “it is at 10, and it stands at 10” to “it goes
up from 10 to 90” (six levels). QoL was meant as a scale of
treatment benefit and, therefore, could only change towards
improvement (or no changes, in the worst case). Patients
received a detailed explanation (Fig. 1) of the four AEs:
alopecia (total), vomiting (mild or NCI-CTC v4 grade 1-2,
severe or grade 3—4), peripheral neuropathy (grade 1-2-3,
according to the oxaliplatin-associated scale) and acneiform
rash (mild or grade 1, severe or grade 2—-3—4). The number
of levels of the attributes must be limited; the four AEs were
selected in an investigator discussion roundtable.

Straightforward question

The subjects answered the following question: “Please,
imagine that you have 100 euros cash and you are in an out-
let with two stores. One of them sells a good called quantity
of life, and the other sells another good called quality of life.
You are buying a basket with a certain amount of each good,
according to your preferences. How would you distribute
the 100 euros between the two goods?” You must spend the
whole 100 euros available.

Study populations

Participating subjects were divided into two groups: on the
one hand, patients with cancer who had received systemic
antitumor treatment; on the other, physicians working in the
participating centers. Of note, physicians were placed in the
role of hypothetical patients, and, therefore, they were asked
to respond for themselves as if they were cancer patients, not
about their preferences for treating their patients. Key inclu-
sion criteria for patients with cancer were age 18 years or
older, histological diagnosis of cancer and previous or ongo-
ing systemic cancer treatment. Physicians had to be over 18,
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Alopecia: Hair loss is total during chemotherapy treatment. But it is reversible and approximately two months

after the end of chemotherapy, hair starts regrowth.

Mild rash: A few lesions in the face simmilar to juvenile acne. May require topical. It is easy to dissimulate.

Severe rash: It is an important amount of acneiform lesions in face and upper trunk simmilar to a severe
juvenile acne. Lesions may be itchy. Requires topical treatment and pills. May interfere with social life.

Grade 1 peripheral neuropathy: Tingling in hands with cold after infusion chemotherapy. It is avoidable not

touching cold.

Grade 2 peripheral neuropathy: Tingling in hands and foots, permanent, with and without cold. Last for

months, sometimes more than one year.

Grade 3 peripheral neuropathy: Same than grade 2 and, in addition, motor impairment (sometimes objects
fall from hands; sometimes inability for buttoning clothes.

Mild diarrhea: <7 liquid stools/day for 2-4 days.
Severe diarrhea: > 7 liquid stools/day for 4-8 days.
Mild vomiting: < 6 episodes/day for 2-4 days.

Severe vomiting: > 6 episodes/day for 4-8 days.

Fig. 1 Full set of explanations of adverse events

and they should have not a prior history of cancer. The group
of patients was divided into two subgroups, patients with
systemic treatment of curative attempt (adjuvant or neoad-
juvant) and patients with palliative treatment. The group of
physicians was also divided into two subgroups, oncologists
and non-oncologists.

Endpoints and format of the results

The results of the conjoint analysis are shown in percentages
(sum to 100%) reflecting the relative weight of the impact
of the three attributes (survival time, QoL and AEs) for
the choices made by the subjects. The study was designed
with two co-primary endpoints, to analyze the weighting
between the quantity of time—QoL—AEs as assessed using
conjoint analysis both in cancer patients and physicians,
respectively. A secondary endpoint was the allocation of
100 euros amongst survival time and QoL in response to
the straightforward additional single question.

Statistical analysis
Choice-based conjoint analysis was performed to carry

out a conditional logit model. When estimating the utility
for each attribute, it is possible to estimate the average
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importance (weight) for each of these attributes as well as
the average utility of each of the levels of these factors.
The weighting of each attribute is estimated as a func-
tion of the range of utilities observed for each level of
the attributes. This means that an attribute with a wide
range of utilities in its levels will have a greater estimated
weight, /i=[Max Ui —Min Ui) X 100/%Zj (Max Uj —Min
Uj)] where:

Ii =Importance (weight) of the attribute i,

Max Ui =Maximum utility of the attribute i,

Min Ui =Minimum utility of the attribute i,

%j=Sum of the profit differences of all attributes.

We compared the distribution of responses of the con-
joint analysis in the two cohorts (cancer patients and
physicians) with a purely random distribution with the
Goodness of fit Chi square test. In turn, the result of the
straightforward question on the allocation of 100 euros
is shown as a percentage for the eleven possible pairs of
figures (survival time-QoL) from (0—100€) to (100-0€)
and compared between patients and physicians with Chi
square test of independence. For sample size calculation,
Goodness of fit Chi square requires expected frequency
counts higher than 5. A sample size of 100 patients and
100 physicians is considered enough to make this compari-
son because expected counts with three categories and 2
(3 minus 1) freedom-degrees are n X p (100x0.33) =33,
what is substantially higher than 5.
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Ethics

The study was approved by the institutional review board
(IRB) of the participant centers and was conducted by the
regulations of the Declaration of Helsinki (Fortaleza 2013
version). All patients signed written informed consent before
their inclusion in the study. Data from physicians were
anonymized instead of codified so that, from the moment of
the completion of the questionnaire, it was not possible to
associate this questionnaire with that person; therefore, with
the authorization of the IRB, only oral assent was required
for physicians without the need to sign written consent.

Results

One hundred cancer patients and 114 physicians were
included in the study between April 2016 and May 2017.
Forty-nine and 71 (62%) were women among patients and
physicians, respectively. The most frequent diagnostic was
colorectal cancer (n=29) followed by lung cancer (n=17)
and breast cancer (n=17). Fifty and fifty patients received
palliative systemic treatment of cancer and treatment with
curative intention, respectively. Treatment included chemo-
therapy with or without biologicals in 90 patients, and 10
were treated with biologics without chemotherapy. Treat-
ment was ongoing in 77 patients. Table 2 shows the demo-
graphic characteristics of the subjects. Physicians were
chosen from six Hospitals. Among them, 61 (54%) were
Medical Oncologists, and 53 (46%) were physicians with
other medical and surgical specialties (general practitioners
10, medical specialties 18, surgical specialties 25).
Analysis on the primary endpoint showed that relative
weighting of additional SV—improved QoL—AEs (or other-
wise the two “goods” and their “price to pay” in the oncol-
ogy market we have set up) are SV35%-QoL33%—-AEs32%,
respectively, as factors considered by cancer patients
to decide what treatment regimen is their preferred one
(Fig. 2). This distribution is not different from a random
distribution of one third each (Goodness of fit Chi square
P=0.91). Neither the palliative subgroup of patients
(SV37%-QoL29%-AEs34%; Goodness of fit Chi
square P=0.55) nor the curative subgroup of patients
(SV34%-QoL36%—-AEs30%; Goodness of fit Chi square
P=0.73) showed significant differences with a random dis-
tribution. The “goods” and “price to pay” distribution in
the group of physicians was SV46%—-QoL31%—AEs23%,
respectively, which gives much more weight to survival
time and far less to AEs (Goodness of fit Chi square
P=0.018). The weighting distribution was different from
a random distribution in both physician subgroups, medi-
cal oncologists (SV48%—Qo0L.29%—AEs23%; Goodness
of fit Chi square P=0.006) and non-medical oncologists

Table 2 Baseline characteristics of the subjects

Patients Physicians

Total N 100 114
50 curative attempt 63 Medical Oncologis
50 palliative attempt 51 No Medical

Oncologist
Gender
Male 51 43 (38%)
Female 49 71 (62%)
Age median [range] 64 [29-85] 42 (26-69)
Tumor location
Colorectal 29
Lung 17
Breast 17
Uterus 6
Stomach 5
Pancreas 4
Urinary bladder 4
Prostate 4
Other 14
Treatment
Ongoing 77
Completed 23
Treatment
Includes chemo- 90
therapy
Biologics alone 10
100
%0 233
80 316 Adverse events
70
i-fn 60 307
% 50 333 ot
&

40

30
m Survival Time

20

10

0

Patients Physicians

P=0,91  Good

; P=0,018

Goodness of fit Chi-Square; pati of Fit Chi-square physici

Fig.2 Main endpoint. Conjoint analysis in patients and physicians

(SV44%-QoL33%—-AEs23%; Goodness of fit Chi square
P=0.04).

Regarding the monetary allocation of 100 euros between
survival time and QoL (Fig. 3), 47% of the patients opted
for (50-50), in contrast with only 17% physicians who opted
for (50-50) with the other responses evenly distributed

@ Springer
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Fig.3 Straightforward question. Assignment of 100 euros between
survival time and quality of life

among the other pairs (Chi square P <0.001 for comparison
between patients and physicians).

We measured the impact of the different levels on the
choices made by the subjects (Fig. 4). The results are around
0 (no impact), with positive scores meaning that the presence

of that in a particular scenario motivates the participants
to choose that scenario, more intensely as the scores were
higher; the reverse occurred for negative scores 1. It should
be highlighted that alopecia is placed among the mild AEs
with a positive impact on choices. The results on QoL are
also remarkable. The impact associated to “improvement
from 10 to 50” is negative while “improvement from 40 to
60” is positive whereas “improvement from 50 to 90” is the
most valued and its value is somewhat higher than “improve-
ment from 10 to 90”.

Discussion

The results of this study show that cancer patients give simi-
lar weight to the benefit in additional survival time, to the
benefit in improved QoL and to the price they must pay for
them in the form of AEs. Interestingly, physicians responded
differently, with more weight put on survival time and less
on price-AEs. The result of the conjoint analysis in patients,
who weighted the three attributes equally, has been consist-
ent with the result of the straightforward question about the
distribution of 100 euros between survival time and QoL.
Indeed, a remarkable accumulation of patient responses was
observed in (50-50) which means that patients prefer those
treatments from which they derive proportional and equiv-
alent amounts of both benefits. We should underline that
this result challenges the basics of the definition of QALY
[11] since all QALY are equal concerning reimbursement

PATIENTS PHYSICIANS

< 1month -1,09 =
1-3 months -1,11
6 months -0,14

SURVIVAL TIME BENEFIT 1year I 023 073
3 years 0,84 1,81
5 years or more N 1,27 2,56
Stands at 10 -1,49 -2,62
Stands at 50 0,14 0,21
Increase from 40 to 60

IMPROVEMENT ON QoL Increease from 10 to 50 -0,33 W -0,13 o

Increase from 50 a 90 0,77 1,03
Increase from 10a 90 0,73 1,02
Alopecia 0,19 0,45
G1 Peripheral neuropathy 0,86 1,00
Mild rash | 0,89 137

ADVERSE EVENTS (PRICE) Ml remiing 3232 o
G2 Peripheral neuropathy 0,18 0,05
Severe rash -0,59 -0,90
G3 Peripheral neuropathy -0,61 -1,37
Severe vomting -1,26 -1,41

Fig.4 Analysis of individual levels
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[12], regardless of the specific contribution of quantity or
quality of life. However, it seems that patients would prefer
squared-shape QALYs to more rectangular-shape QALY's
with extreme values of one of the two factors. As far as we
know, this is the first time that conjoint analysis has been
used to determine the relative value between lifetime and
QoL. Previous studies that addressed this issue showed that
oncologists value prolongation of survival time more than
QoL [13-15]. One of these studies used the incremental cost-
effectiveness ratio (ICER) values to estimate willingness to
pay for the benefits in cancer patients and oncologists [15].
The results showed that oncologists prioritized, for their
patients, treatments that improved survival time (106,000
€/QALY) over those treatments that improved QoL (65,000
€/QALY) while patients valued both similarly, with interme-
diate values for both, survival time improvement (73,520€/
QALY) and QoL (82,917€/QALY). Our results are in full
agreement with these observations which in turn, provide
further support to our insight on the patient preferences for
squared-shape over rectangular-shape QALYs.

The design of the questionnaire matters. We have evalu-
ated the same endpoint with both a reliable, very difficult
to deceive, complex questionnaire (conjoint analysis) and a
straightforward, obvious and easier to deceive single ques-
tion. While physicians have clearly shown a preference
for survival time over QoL in the most reliable question-
naire, they evenly responded to the straightforward question
without favouring either of them. Therefore, the complex
or straightforward structure of the questionnaire may have
an impact on the results. However, this concern seems less
likely in patients, who have shown a perfect level of coher-
ence in our study.

Two issues should be pointed out regarding the results on
QoL. First, it looks like that patients pay more attention to
the final value than the absolute benefit value. Second, what
patients want not to hear about is to find themselves at any
time with very poor quality of life. This explains why the
enhancement of QoL “50-90 is the most preferred, even
more than “10-90”, while the rise “10-50" is not valued by
the subjects in the study.

This present study has some weaknesses. First, the AEs
are not desired by the patients because they may impair QoL
that, in turn, was one of the benefits that was considered.
This could have been confusing for the subjects. However,
the results have been coherent and did not show inconsisten-
cies regarding this issue. Second, it is difficult to determine
how the results of the study may have been affected by the
fact that only one of the four subgroups of the study (patients
with palliative treatment) is a genuinely ex-post population.

Our research group will conduct further works on this
topic with a forthcoming third study in the setting of “The
Oncology Market” project. We are committed to investi-
gating how a preference-based decision-making strategy

increases at zero-cost both the utility that patients derive
and societal welfare. Incorporation of patient preferences
will play an essential role in the treatment of cancer patients
in the next years [16, 17] thus dismantling a paternalistic
and inefficient attitude of decision-making bodies for drug
approval and reimbursement. Moreover, all these aims
would be achieved without challenging the constraint on
the economic healthcare financial burden. These outcomes
can be adequately measured with utility functions which
assign numerical values to specific outcomes so that bas-
kets with preferred outcomes combinations reach the high-
est scores [16, 18]. Utilitarianism-based decision-making
guides choices to achieve the greatest benefit for the highest
number of patients [19] aiming to reach a Pareto optimal
balance [20] in which no patient may increase his welfare
without worsening that of others.

In conclusion, unlike physicians, who prioritize survival
prolongation over quality of life, cancer patients mostly
prefer treatments providing equivalent and proportional
amounts of survival time and QoL, which result in squared-
shape QALYs. These two treatment benefit dimensions
behave as two perfect complementary goods for cancer
patients.
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