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ABSTRACT

Objectives There has been a recent proliferation in
treatment options for patients with metastatic breast
cancer. Such treatments often involve trade-offs
between overall survival and side effects. Our study
aims to estimate the trade-offs that could be used to
inform decision-making at the individual and policy
level.

Design We designed a discrete choice experiment

(DCE) to look at preferences for avoiding severity levels
of side effects when choosing treatment for metastatic
breast cancer. Treatment attributes were: fatigue, nausea,
diarrhoea, other side effects (peripheral neuropathy,
hand—foot syndrome and mucositis) and urgent hospital
admission and overall survival. Responses were analysed
using an error component logit model. We estimated the
relative importance of attributes and minimum acceptable
survival for improvements in side effects.

Setting The DCE was completed online by UK residents
with self-reported diagnoses of breast cancer.
Participants 105 respondents participated, of which 72
patients had metastatic breast cancer and 33 patients had
primary breast cancer.

Results Overall survival had the largest relative
importance, followed by other side effects, diarrhoea,
nausea and fatigue. The risk of urgent hospital admission
was not significant. While overall survival was the most
important attribute, respondents were willing to forgo
some absolute probability of overall survival for reductions
in all Grade 2 side effects (12.02% for hand—foot
syndrome, 11.01% for mucositis, 10.42% for peripheral
neuropathy, 6.33% for diarrhoea and 3.62% for nausea).
Grade 1 side effects were not significant, suggesting
respondents have a general tolerance for them.
Conclusions Patients are willing to forgo overall survival
to avoid particular severity levels of side effects. Our
results have implications for data collected in research
studies and can help inform person-centred care and
shared decision-making.

,' Mandy Ryan,? Holly Ennis,® Ewan Gray,®
.2 Morag Mclntyre,* Peter Hall®*

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Our study employs a discrete choice experiment
methodology which is capable of estimating trade-
offs for metastatic breast cancer treatment in accor-
dance with economic utility theory.

= The selection of attributes was informed by a broad
selection of work packages employing qualitative
methods and reviewing a variety of literature.

= We estimated the trade-offs between overall surviv-
al and symptoms and side effects of fatigue, nau-
sea, diarrhoea, peripheral neuropathy, hand—foot
syndrome and mucositis.

= We cannot include all attributes that determine the
choice of treatment.

= Due to recruitment difficulties we include patients
with both primary and metastatic breast cancer;
these patients may have different preferences.

INTRODUCTION

There are 35000 people in the UK living
with metastatic breast cancer (mBC).! mBC
occurs if the cancer spreads to another part of
the body at which point the cancer is usually
considered incurable. The focus of treat-
ment then shifts from curing the disease to
managing it, slowing further progression and
palliating symptoms. There is a dichotomy at
the core of discussions surrounding treat-
ment in this context, namely the trade-off
between overall survival (OS) and the side
effects patients must tolerate.” Different
treatments offer variable prospects for
survival versus side effects. Treatment deci-
sions are made more complex by the prolif-
eration of new medicines for the treatment
of mBC, ranging from cytotoxic chemo-
therapy to hormone therapies. Recent new
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additional options include immunotherapy and targeted
small molecules.”

Such developments mean that patients with breast
cancer must navigate difficult decisions between complex
and unfamiliar treatments.* Greater patient involvement
in decision-making is needed to allocate the treatment
that best addresses their needs. Recent guidelines have
emphasised the requirement for shared decision-making
across the National Health Service.” ® Although shared
decision-making is widely practised its implementation
needs improvement, specifically regarding doctor—pa-
tient communication.” Evidence from patient preference
studies reveals trends to be considered by healthcare
providers during consultations. Patient preferences
are also important for the authors of healthcare guide-
lines that inform policy around which drugs should be
provided. As a final example, they are important for
developers of new cancer drugs when they provide guid-
ance on what patients will tolerate concerning side effects
for improvements in survival.

Discrete choice experiments (DCEs), sometimes
referred to as conjoint analysis, are increasingly used
to estimate patient preferences, looking at the relative
importance of attributes as well as the trade-offs individ-
uals are willing to make.® A recent systematic review of
the application of DCEs to oncology treatment identified
79 studies, with patient preferences for breast cancer
(n=10, 13%) as the most common area of application.’
The review found the most common outputs were relative
importance of attributes and marginal rates of substitu-
tion (MRS, trade-offs) in terms of (in order of frequency):
willingness to pay (WTP), minimum acceptable benefit,
minimum acceptable risk and willingness to accept non-
risk for benefit and willingness to travel. While clinical effi-
cacy attributes were commonly ranked as most important,
with OS and progression-free survival (PFS) ranked most
important by 90% and 30%, respectively, by patient
samples across all cancer types, respondents were often
willing to trade clinical efficacy for improvements in side
effects. A similar result was found in a systematic review of
patient preference studies relating to breast cancer treat-
ment."” These two systematic reviews identified six DCEs
that assessed preferences for mBC drug treatments.'' ™
These studies also show that while treatment efficacy (OS
or PFS) is important, and often the most important factor,
patients also value avoiding the side effects of different
treatments.'' '*'° Two of these mBC studies estimated the
value of avoiding side effects in monetary terms (WTP, a
monetary measure of benefit)."”'* We use the DCE meth-
odology to investigate how much absolute probability
of OS people are willing to give up to avoid a particular
severity level of side effects in the treatment of mBC.
We refer to this as minimum acceptable survival (MAS).
We also focus on the severity of side effects, whereas the
existing DCEs have focused mainly on the risk of side
effects, and the preferences for long-term survival. Our
study is also the first to elicit preferences for the treat-
ment of mBC in the UK; preferences across countries

may differ due to cultural factors and different healthcare
systems. For example, Southeast Asian attitudes to cancer
management and death are known to be different from
Western ones."”

METHODS

The DCE is a choice-based survey that quantifies prefer-
ences for alternatives (eg, treatment options for mBC)
where alternatives are described by their attributes and
associated levels.'® In our DCE alternatives are treatments,
attributes are treatment characteristics (eg, survival and
side effects), and levels are values associated with treat-
ment characteristics (eg, % chance of survival, possible
levels of severity for nausea).

Defining attributes and levels

Four work packages (WPs) informed the attributes and
levels: (1) a targeted literature review of qualitative liter-
ature concerning the patient experience of metastatic
cancer, (2) a targeted literature review of DCEs centred
on treatments for metastatic cancer, (3) a thematic anal-
ysis'? of Scottish Medicine’s Consortium Patient and Clin-
ical Engagement statements for mBC treatments and (4)
face-to-face interviews with patients with mBC. All work
involving face-to-face patient contact was completed by
a research nurse and research assistant both of whom
had been trained in qualitative methods. For more infor-
mation on all WPs see online supplemental file 1. The
research group, consisting of breast cancer and DCE
experts, considered these attributes, reducing them to a
manageable number for use in the DCE framework. Attri-
bute selection and layperson definitions were developed
using think-aloud interviews with patients.*

The final attributes and levels are shown in table 1,
with patient definitions of attributes defined in table
Al in online supplemental file 2. Levels are intended to
represent possibilities for first-line treatment following a
diagnosis at Stage IV (mBC). Side effects were: fatigue,
nausea, diarrhoea and additional side effects (periph-
eral neuropathy, hand—foot syndrome and mucositis
as mutually exclusive levels). Levels of side effects attri-
butes were described using plain-language translations
of the Common Terminology Criteria for Adverse Events
(CTCAE)? criteria (online supplemental table Al). These
were developed with health professionals and tested in
the developmental piloting work. Following piloting with
patients, and to ease understanding, fatigue was referred
to as tiredness. The nausea attribute combined the corre-
sponding CTCAE grades nausea and vomiting (since they
tend to accompany one another). Attribute levels ranged
from a zero level of toxicity up to Grade 2. Choice options
were discussed with health professionals to ensure plau-
sibility. During these discussions it was suggested that
some background fatigue is expected for most patients;
therefore Grade 1 fatigue was the minimum level of the
attribute. It was also advised that in the presence of Grade
3 adverse events, treatment would be discontinued; thus,
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the maximum level for all adverse event attributes was
Grade 2. The additional side effects attribute was included
to capture a broader range of side effects while limiting
the number of attributes and therefore the cognitive
burden of completing the choice tasks.”” It differed from
competing attributes due to each level corresponding to a
unique side effect, Grade 2 descriptions were used so that
we could compare preferences for the equivalent highest
level of the diarrhoea and nausea attributes.

Patient and public involvement

Patients with mBC were invited to, and participated in,
interviews and in-person questionnaire piloting sessions,
both of which informed the final design of the survey.

Arisk of urgent hospital admission (UHA) was included,
defined as the number of people from 100 treated who
would be admitted to the hospital for a UHA. The deci-
sion to make UHA a probabilistic attribute was motivated
by discussions with health professionals. It was suggested
that, unlike Grade 1 and Grade 2 toxicities, a treatment
that guaranteed a UHA would not be offered to patients.
OS was defined as the annual probability of survival,
which was time constant and represented the probability
of surviving in the present and future years. To account
for short-term and long-term preferences® annual prob-
ability of survival was presented as frequencies at 1 and
5 years, for example, 65% translated to 65 people alive
at 1 year and 12 alive at 5 years (the rounded result of
100 x 0.65°). Risk is generally not well understood by the
general public,” therefore 1-year and 5-year survival were
presented alongside one another to illustrate the effects
of cumulative probability on respondents. The average
1-year survival rate after diagnosis for a patient with mBC
is approximately 65%2’; we chose this as our central value
for our annual survival rate. We used an exponential
calculation for 5-year survival, rather than real-world data,
to simplify the choice task to include only one risk attri-
bute. The levels for UHA were defined following discus-
sions with health professionals.

It was observed during piloting that some of the
expected negative preferences for UHA would occur due
to a risk of death. Respondents often struggled to disen-
tangle and interpret the related attributes. To isolate the
effect independently from the risk of death a graphic
was devised, which showed levels of both attributes.
The combination of frequencies and tree diagrams has
been shown to improve understanding of risks.”® * The
first row reports the number of patients admitted to the
hospital for a UHA, and the second and third show l-year
and 5-year survival, respectively. Frequencies for positive
outcomes (no hospitalisation and survival) and negative
outcomes (hospitalisation and death) were both commu-
nicated in an attempt to address framing bias.*®

Choices presented to individuals

Ngene (Choice Metrics) was used to create a set of
choices from which preferences could be estimated for
all possible scenarios; the design was D-efficient, which

minimised the variance-covariance of the measures of

average preference.”” This resulted in a set of 12 choice

tasks. All choices included a no-treatment option, with
side effects defined as the least severe level and risk of

UHA 0%. To define the optout level of survival respon-

dents were asked what they perceived their chances of

survival at 1 and 5 years, resulting in a 45% average level.

This was consistently lower than all levels of OS with

treatment and judged reasonable given survival at 1 year

among patients with stage 4 breast cancer diagnosed in

England in 2013 was between 16-43% depending on age,

with a mode of 43%.%° The choice context was described

in terms of the scenario, the treatments and side effects
as follows:

» The scenario: You are being asked to consider the decision
you would make if presented with different metastatic breast
cancermBC treatments. For each question there are only 2
treatment options. If you choose a treatment, the other treat-
ment will not be an option tofor you in the future. We ask you
to imagine that no other treatment options will become avail-
able to you in the future. You also have the option to choose
to have no treatment. With no treatment you would experi-
ence the symptoms of your cancer; your cancer will be left to
progress and you will have shorter life expectancy as a result.

»  The treatments: Both treatments are in the form of dauly pills.
Both treatments can treat you for the rest of your life. You
would be allowed to stop treatment whenever you wished.
Both treatments have different benefits and side effects.

» Side effects: Side effects are guaranteed. Side effects are
already being managed with the best available medicines and
care. You will still experience a side effect for weeks at a time.

Following developmental work, the 12 choices were
divided into two blocks of six choice tasks to mitigate
mental fatigue effects.”’ Respondents were randomly
allocated to one of the design blocks and choice tasks
were presented in a randomised order. Respondents were
given a warm-up choice task (figure 1) to complete.

Data analysis
The following utility/benefit function was estimated
using Error Component Mixed Logit regression:

Usn = Bo Treat; + B1 G2_FAT;; + Bo G1_NAUyp + B3 G2_NAU3

+54 Gl_DIAl'4 + B{) GQ_DIAZB + ,86 G‘Z_NEU}G + 57 GQ_HA]VH
+B3 G2_MUC;g + B9 OS + B1o UHA;10 + Ein

U;, represents the utility for individual n for alternative
i. The attribute variables are defined in table 1. 31 to g
are modelled as dummy variables, showing the value of
that attribute level relative to the reference (best) level.
B9 and B¢ are modelled as continuous variables, showing
the value of a % change in OS and UHA. The signs of the
B parameters indicate whether the effect of the attribute
level on preference is positive or negative. All side effects
preference parameters are expected to have a negative
sign relative to the reference level. Respondents are
expected to prefer higher OS, resulting in a positive 89
. The preference for a chance of UHA, Sy, is expected
to have a negative sign, with lower values preferred. ein
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Treatment A

Treatment B

L

»
(7]
g Even with best supportive treatment and care, there will be weeks that you Even with best supportive treatment and care, there will be weeks that you
g experience the following... experience the following...
S
S No increase in tiredness. Your cancer makes you more tired than before, but You are much more tired than usual, your tiredness is not relieved by rest,
this is relieved by rest. and it limits your ability to perform some of your important daily activities.
1 @ @
=
=
§
> Even with best supportive treatment and care, there will be weeks that you No nausea and vom |t|ng
: experience the following...
3 The amount you eat and drink is decreased because of nausea but you are
g not at high risk of major weight loss or dehydration. The nausea is likely to
4 cause vomiting.
g @ @
o No di h Even with best supportive treatment and care, there will be weeks that you
'F‘: o diarrhoea experience the following...
(]
o You are having 5 more bowel movements a day than you were previously
having and this limits your ability to perform some of your important daily
activities.
5 Hand foot syndrome
(]
Hq:) No risk of neuropathy or mucositis.
()
° Even with best supportive treatment and care, there will be weeks that you . . .
) experience the following... No Risk of Additional Side Effects
©
g You have painful skin changes on the palms of your hands and the soles of
= your feet. This may include peeling, blisters, bleeding, dryness, cracking,
g calluses, and swelling. This limits your ability to perform some of your
< important daily activities.

[ 100 people start treatment ] [ 100 people start treatment ]
(%)
S /\ /\
G e N r N
g 99 without an urgent 1 with an urgent hospital 70 without an urgent 30 with an urgent
g hospital admission admission hospital admission hospital admission
= \
=
[}
7] A
= S —
=
é 60 alive at1 year dead at 1 year 75 alive at1 year dead at 1 year
S
= \. —
g 3 ‘
E 4 4
=
»n 8 alive at 5 years dead at 5 years 24 alive at 5 years dead at 5 years
. .
Responses for Patients:
Which option would you choose?

O  lwould choose to take treatment A

O  |lwould choose to take treatment B

O  lwould choose neither. | understand that | would have worse expected survival as a result.

Figure 1 Example of discrete choice experiment choice task (warm-up task).
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Table 2 Error component logit

Relative Minimum
95% CI lower 95% CIl upper attribute acceptable
Estimate P value bound bound importance survival

Alternative specific Treatment 5.1339 0.0002 2.4566 7.8112 - -
constant SD of treatment 4.0982 0.0001 2.0411 6.1553
Fatigue Grade 2 fatigue -0.2948 0.0101 -0.5194 -0.0702 0.0590 2.5419
Nausea Grade 1 nausea -0.4196 0.0519 -0.8426 0.0034 0.1091 3.6178

Grade 2 nausea -0.5446 0.0093 -0.9550 -0.1342 4.6960
Diarrhoea Grade 1 diarrhoea 0.0241 0.8806 -0.2898 0.3379 0.1519 -0.2074 N.S.

Grade 2 diarrhoea -0.7343 0.0004 -1.1384 -0.3302 6.3314
Additional side Grade 2 peripheral -1.2087 0.0000 -1.6458 -0.7715 0.2793 10.4211
effects neuropathy

Grade 2 hand-foot -1.3946 0.0000 -1.8404 -0.9489 12.0247

syndrome

Grade 2 mucositis -1.2764 0.0000 —-1.6668 -0.8861 11.0055
Overall survival Annual probability of  0.1160 0.0000 0.0847 0.1473 0.3485 —

survival
Urgent hospital Probability of urgent ~ 0.0090 0.1068 -0.0019 0.0199 0.0522 N.S. -2.3236 N.S.

admission hospital admission
in the first year of
treatment

Model statistics

Number of 105

individuals

Observations 601

Log likelihood -379.9434

Bayesian info 836.6699

criterion

N.S, not significant.

represents the unobserved error component. 3y shows
the general preference for treatment over no treatment
(everything else equal) with a positive sign indicating a
general preference to receive treatment (everything else
equal). An error component is assumed by specifying 8y
as random normally distributed, thus allowing for flexible
substitution between alternatives and dropping the irrel-
evant alternatives assumption,” we run 100 draws using
the Halton sequence.

We used the parameter values to estimate the relative
importance of attributes™; this is calculated as the differ-
ence in the range of attribute’s variable values. We calcu-
late percentages from these relative ranges, obtaining a
set of attribute importance values that add to 100%. We
also estimate MRS in the form of MAS for improvements

in side effects using the rate for l-year OS in the calcula-

tion, estimated as - ﬁ"g . For example, 7—5,9 shows MAS for a

reduction in side effects from Grade 2 fatigue to Grade 1
fatigue and _ﬁ—ég shows MAS for a reduction in side effects
from Grade 1 diarrhoea to no diarrhoea.

Sample and recruitment
Calculating an optimal sample size for newly designed
DCE:s is problematic as it depends on the true values of

(for 30% level)

the unknown parameters for which the analysis intends to
estimate.”® Previous DCEs in the area of metastatic cancer
of a similar design have demonstrated that reliable anal-
ysis can be performed with samples of 100 or fewer partic-
ipants.”™™ We therefore aimed to recruit 100 patients as
a minimum threshold.

We planned to recruit a sufficient number of people
with experience of mBC to exceed the minimum
threshold. Given the anticipated challenges of recruiting
a sufficient number of people who had an mBC diag-
nosis, the original protocol also included the collection
of responses from people who had experienced primary
breast cancer. Respondents who responded that they had
only a primary breast cancer were asked to imagine that
they had received a secondary breast cancer diagnosis in
the introductory text. The preferences of patients with
mBC were compared with patients with primary breast
cancer.

The DCE was administered using an online link
between January and March 2020. Recruitment methods
included: (1) distribution of leaflets at cancer centres and
conferences, (2) an online panel provided by Dynata, (3)
social media engagement with help from breast cancer
charities and (4) a research nurse approaching patients
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directly during clinic visits and inviting them to complete
the survey on a tablet device. Interviewed respondents
provided informed written consent before interviews
proceeded. Access to the survey was unrestricted for
people who had acquired the link. Patients self-identified
as having had a primary or mBC diagnosis at some point,
being a UK resident and 18+ years of age. Inclusion in the
sample was not restricted by gender.

RESULTS

The sample size was 105 (table A2 in online supplemental
file 2). All identified as women. 72 respondents were
patients with mBC and 33 were patients with primary
breast cancer.

10 respondents did not complete all 6 choice tasks,
resulting in 29 missing choice tasks. Completed choice
tasks were included in the analysis. Of 601 responses to
choice tasks across all participants, 38 (6.32%) were for
no treatment. These were selected by 16women, with
3 women always choosing the opt-out option. 32.38%
(N=34) of respondents always chose the option with the
highest OS. Some of these respondents may have been
using a simplifying heuristic, nonetheless, we focus our
analysis on the complete sample as it is not possible
to distinguish respondents who are demonstrating

Relative Importance of Attributes

a genuine preference and those using a simplifying
heuristic. (figures Al and A2 in online supplemental
file 3 compare analyses when excluding the 34 potential
non-traders; as expected the relative importance of OS
is lower and participants have a higher MAS. However,
samples are too small to demonstrate statistically signifi-
cant differences.)

Table 2 shows the error-component logit regression
results for all respondents (table A3 in online supple-
mental file 2 shows the results of the equivalent multi-
nomial logit) and figure 2 shows the relative importance
of attributes. We also ran an alternative specification as
multinomial logit where the OS attribute was dummy
coded and it demonstrated a near linear relationship
between effect and survival gain between the 60 and 75
levels which suggests the specification of OS as a constant
variable is appropriate (table A4 in online supplemental
file 3).

MAS estimates (table 2, column 8 and figure 3) show
respondents’ willingness to forgo OS to avoid all Grade
2 toxicities.

Results comparing patients with mBC and patients with
primary breast cancer are shown in figures A3 and A4
in online supplemental file 3. The most notable differ-
ence is the estimated importance of the nausea attribute,
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Figure 3 Minimum acceptable survival to avoid side effects. Error bars show 95% ClI using delta method SEs.UHA, urgent

hospital admission.

nonetheless, there are no statistically significant differ-
ences between any of the estimates.

DISCUSSION

We provide new evidence on UK women’s preferences
for the treatment of mBC. Respondents had a general
preference for treatment, indicated by the low opt-out
rates which result in a positive constant term (Treat).
As expected, they preferred treatments with higher OS,
in fact almost one-third of the sample (32.38%) always
chose the treatment option with a higher OS. All Grade 2
toxicities were significant and negative, suggesting nega-
tive preferences for these attribute levels. However, Grade
1 nausea and diarrhoea were not significant, suggesting
patients are indifferent when compared with having none
of these side effects. There was no significant effect of
UHA on respondents’ choices.

The relative importance of OS exceeded all other
attributes, with an overall importance score of 34.85%.
The remaining relative importance was distributed
accordingly: additional side effects (27.93%), diarrhoea
(15.19%), nausea (10.90%), fatigue (5.90%) and risk of
urgent hospital admission (5.22%). Respondents would
accept a reduction in the probability of survival of 2.54%
to avoid Grade 2 fatigue (and have Grade 1 fatigue). The
MAS associated with levels of the additional side effects
were particularly high: respondents were willing to give
up 10.42%, 12.02% and 11.01% chance of OS for total
avoidance of Grade 2 peripheral neuropathy, Grade 2
hand—foot syndrome and Grade 2 mucositis, respectively.
Notably, Grade 1 nausea and diarrhoea were acceptable
to patients and did not significantly impact patients’

choices. Thus, they were not willing to give up survival
for improvements in such Grade 1 side effects. However,
Grade 2 side effects were disliked and respondents were
willing to forgo up to 12.02% OS to avoid such severe side
effects.

Our results add to a growing literature showing that
patients with breast cancer value avoiding the side effects
of treatments, and are willing to forgo some level of treat-
ment efficacy to achieve this.” ' Directly comparing pref-
erence estimates between studies is often inappropriate as
estimates only apply to the attributes and levels within the
choice framework of DCE from which they are derived.
Nonetheless, it is important to highlight the findings of
other studies and draw comparisons where appropriate.
Our results appear to align somewhat with DiBonaven-
tura et al’s."" exploration of the preferences of women with
mBC in the USA who also found that OS was the most
important attribute. Additionally, side effects (alopecia,
fatigue, neutropenia, motor neuropathy and nausea/
vomiting) and dosing regimen were also important. The
remaining studies did not include attributes for OS but
did identify statistically significant preferences for side-
effect avoidance. For example, Omori et al” explored
the preferences of Japanese postmenopausal patients
with hormone receptor-positive breast cancer for the
treatment of mBC. They conclude that women preferred
treatments that extend PFS despite potential Grade 2
diarrhoea. However, when diarrhoea severity increased
to Grade 3, patients were more willing to sacrifice PFS
to avoid more frequent diarrhoea. In contrast, exploring
preferences of women diagnosed with mBC in Germany,
Spaich et al'® concluded that severe neutropenia was the
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most important attribute, followed by alopecia, neurop-
athy and PFS. Two studies have explored the preferences
of women diagnosed with mBC in the USA, estimating
value in monetary terms. Lalla et al'® found that women
were willing to pay the most to avoid severe diarrhoea
(US$3894 ayear), followed by avoidance of hospitalisation
due to infection (US$3279), severe nausea (US$3211)
and severe peripheral neuropathy (US$2764). MacEwan
et al” found that women were willing to pay US$1930
per month for treatment, with US$63 per month for
each 1% reduction in the risk of moderate-to-severe side
effects. In a similar study in Thailand, Ngorsuraches and
Thongkeaw'* found respondents were willing to pay
US$151.6 per month for every 1 month increase in PFS
compared with US$69.8 and US$278.3 per month for
every 1% decreased risk of anaemia and pneumonitis,
respectively.

Our results imply that treatment efficacy and OS are
not the only endpoints of value to women with mBC (and
indeed oncology more broadly). Furthermore, there is
evidence that the CTCAE grading criteria do not scale in
parallel with patients’ preferences; for example, Grade 2
nausea is preferred to Grade 2 hand-foot syndrome (indi-
cated by a lower negative preference parameter). Grade
1 toxicities were not significant, suggesting they are rela-
tively tolerable to patients (compared with having no side
effects). These findings suggest that clinician-reported
and objectively graded toxicities may not correspond to
patients’ values and support the further incorporation
of patientreported outcomes (PROs) and preference
studies in the study of new medicines for mBC. PROs
are increasingly accepted by the US Food and Drug
Administration and European Medicines Agency”™ and
the National Institute for Health and Care Excellence
has begun to accept patient preference studies alongside
traditional evidence such as cost per quality-adjusted life
year.”

Our study has focused on the preferences of patients.
Given that health professionals often make treatment
decisions/recommendations for patients, a fruitful
area for future research is to compare the preferences
of patients and doctors. Current research suggests that
it is common for there to be a mismatch in the prefer-
ences of patients and healthcare providers.*’ Given
health professionals possess greater information on treat-
ments and patients possess private information on their
values and priorities, decision aid tools (DATs) can help
understand and bridge this mismatch as part of shared
decision-making. The focus of such DATs within breast
cancer has been on the detection and prevention of early
breast cancer.” The work presented in this paper contrib-
utes to the groundwork for the use of a DCE as a DAT
to promote shared decision-making and person-centred
care. A limited number of studies have adapted DCEs
into DATs: Dowsey et al”® used a DCE as part of a deci-
sion aid for patients undergoing total knee arthroplasty;
Hazlewood et al'® evaluated a proof-of-concept DAT for
patients with early rheumatoid arthritis, which included

a DCE to assist respondents in choosing initial treatment
and Loria-Rebolledo et al** are exploring the use of DCEs
to estimate preferences at the individual level for use in a
shared decision-making setting.

There are limitations to this study. First, the sample
size was small, and we were required to supplement the
patient with mBC sample with primary breast cancer who
were asked to imagine a secondary diagnosis. Although
the analysis did not present large enough differences in
preferences to suggest this meaningfully affected results,
a larger sample would allow the possibility of preference
heterogeneity to be extensively explored. Preferences,
trade-offs and willingness to avoid particular side effects
may be influenced by many factors. One potential area
for future research is understanding the dynamics of
treatment preferences and response shift. This may be
particularly important for end-of-life care, which patients
with mBC may face.” Other factors that may influence
preferences include specific cancer diagnosis, location of
metastases, multiple diagnoses and treatment experience.
Future research should collect data on the characteristics
of respondents which could be used to explore preference
heterogeneity. Second, national data indicates that the
highest incidence of new breast cancer cases (any stage)
for women between 2015 and 2017 was aged 60-69,*
suggesting our sample is younger with the largest group
aged 50-59. A 2008 survey in the USA found a stronger
preference for quality of life than quantity of life among
patients with cancer," if this effect exists in our population
the preference weights may be positively skewed. Third,
the argument could be made that the description of how
side effects are experienced in the choice scenario may
be difficult for patients to understand. The decision to
focus on symptom severity and to avoid clear definitions
of symptom frequency relating to side effects was made to
alleviate the cognitive burden of the task by simplifying
the information presented. We opted to represent uncer-
tainty by suggesting that treatments were indefinite and
side effects would therefore be indefinitely experienced
‘for weeks at a time’. Some would argue that in doing so
we forgo a degree of clarity of interpretation for respon-
dents and consequently the results of the study. Fourth,
we simplified the choice task to include only one risk
attribute, we used an exponential function to estimate
the 5-year survival rate. Future research could include two
attributes, 1-year and 5-year survival, with the latter based
on real data. Preferences for short-term and long-term
survival could then be estimated. Fifth, in defining the
no treatment option, the level for OS was defined as the
mean value from women’s perceived OS without treat-
ment. Results may have differed if we informed respon-
dents of their chance of survival without treatment.
Furthermore, the baseline levels for side-effect attributes
were assumed to be the minimum possible realistic levels,
however, respondents may have implicitly considered
unique individual baselines based on lived experience.
The interpretation of the no treatment option may have
differed between respondents and may have caused some
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attribute levels to appear acceptable for respondents who
considered them to be the same as baseline, potentially
dampening their overall effect within the sample. Results
may be more precise if we estimated preferences within a
more sophisticated design that adjusted for respondents’
baseline levels. Finally, while the insignificance of the risk
of UHA may be a genuine preference, the result may also
reflect a difficulty in understanding this attribute. Despite
low relative importance, similar attributes are significant
in other metastatic cancer DCEs, however, the attribute
levels are more severe.” ** Future work should explore
explaining this attribute.

In conclusion, our results provide evidence that patients
are willing to give up some survival benefits to avoid severe
levels of side effects. Future therapeutic studies should
ensure such data is collected to ensure that the patient
can make an informed decision when making treatment
decisions. Future research should explore using such
information within a shared decision-making framework.
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Trade-offs between overall survival and side effects in the treatment of metastatic
breast cancer: eliciting preferences of patients with primary and metastatic breast
cancer using a discrete choice experiment’

Supporting Information 1

Qualitative Methods

Qualitative Literature Review
Embase and Medline were searched using the Ovid search engine. We aimed to identify literature
which explored the patient perspective of cancer and the associated treatments. Search terms were
designed to identify studies that (1) involved interviews/focus groups (2) explored patient
attitudes/perspectives (3) focused on advanced or locally advanced cancer. We included all metastatic
cancers given the scarcity of metastatic breast cancer-specific literature.

The search identified 434 results. Abstracts were screened and papers were excluded if they didn’t
reflect the underlying motivation of the search strategy. Studies were also excluded if: they focussed
on an intervention which was not clinically supported or was not medicine (e.g., alternative medicine
and exercise respectively); the study focus was seldom relevant to breast cancer (e.g., breathing
complications brought on lung tumours). After abstract screening 83 studies remained after which 5
additional studies were excluded after reading beyond the abstract. The remaining papers were
evaluated and findings which offered insight into determinants of a patient’s quality of life or
preference for treatment were identified. Findings were compiled and condensed into a report
summarising what the available research to date suggested determining patient preferences and well-
being.

Pain was among the most prominent topics of discussion. Respondents who had experienced cancer
pain identified it as the most disturbing and limiting symptom of their illness (Luoma and Hakamies-
Blomgqvist, 2004). Patients with pain often reported extreme negative emotions (Lewis et al, 2015),
loss of independence (Gibbins et al, 2014), and a desire for assisted death (Koffman et al, 2008).
Other frequently explored topics included physical functioning and mobility which, as concepts, are
closely linked to pain (Wilson et al, 2005). The symptoms of disease and the side effects of treatment
which led to degraded physical functioning levels were identified as substantial barriers to a patient’s
ability to live a normal life (Gibbins et al, 2014). Extreme degradation of mobility leads to increased
dependence on loved ones and carers which can create a strong sense of burden (Mak, and Elwyn,
2005). Cognitive functioning also appears to have been a topic of interest for qualitative researchers.
Although cognitive functioning appears to have been a significant area of interest, many metastatic
breast cancer patients rarely had symptoms, when they did, they presented as secondary disturbances
or anxieties (Luoma and Hakamies-Blomqvist, 2004). Patients were willing to take medications which
were associated with drowsiness to alleviate symptoms of pain (Check et al, 2017). This is evidence
that patients already accept trade-offs between symptoms when considering treatments. Evidence of
similar trade-offs was also found between: hot flushes and mode of administration (Fallowfield et al,
2005), expected survival and physical functioning (Check et al, 2017), and expected survival against
the collective side effects of chemotherapy (Etkind et al, 2017). Evidence of trade-offs between
symptoms and side effects tells us something about the importance of those toxicities, but more
importantly, helps to validate the decisional context we use to frame our DCE survey questions. Other
themes which featured heavily in the literature were the topics of survival, fatigue, and mode of
administration, all of which are discussed in more detail in section 4 of this paper.

DCE Literature Review
The benefits of reviewing DCEs with similar motivations to our study are twofold. Firstly, they can
offer insight into the importance of some of the treatment factors which we would be considering.

Bullen A, et al. BMJ Open 2024; 14:e076798. doi: 10.1136/bmjopen-2023-076798



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Secondly, DCEs often employ rigorous qualitative processes and their choice of attributes is likely to
be of interest because their selection implicitly suggests significance. In the context of a cancer
treatment DCE an attribute would be a feature of treatment which has the potential to vary between
competing hypothetical treatments in a choice task. Embase and Medline were searched for DCE
studies relating to patient preference for metastatic cancer treatments'. Search terms designed to
identify DCEs mirrored those first used by Ryan and Gerard (2003). We also reincorporated the
search terms used to identify metastatic cancer studies used in the qualitative literature review. Once
again preliminary searches revealed that there was an insufficient body of publications to focus on
metastatic breast cancer studies alone. 128 unique studies were identified in total. After screening the
abstracts 60 papers met the eligibility criteria. There were 16 instances where two studies reported the
results from the same DCE, in these instances the most recent publication was selected. 44 studies
were identified as meeting all the criteria. Once the papers were identified work began to analyse the
attributes used by the studies. The WP produced 2 key outputs of interest (1) an outline of the types of
attributes used in similar past DCEs and (2) their relative importance.

Attributes were grouped into categories with similar motives. The table below outlines the attribute
categories which featured in more than one DCE. There were instances where one DCE contained
more than one attribute which could fit into the same category, in which instance only one was
counted.

Table 1 Frequency of attribute categories included in the DCE literature review

Attribute Category n
Frequency
Administration
Progression Free Survival
Cost

Overall Survival

—
[\

—_
[\

Pain

Fatigue
Gastrointestinal Perforation

Kidneys

Skin

Teeth/jaw
Adverse Events

Bone Metastases

Diarrhoea

Hospitalisation

Immunosuppression
Nausea

Neuropathy
Response rates
Self-care

RN W]| W W[W| W] J|oo|oo

Relative preference weights are measures of the importance of attributes relative to competing
attributes and are conditional on the range of utility estimates for the remaining attributes (Hauber et
al, 2016). A large relative preference weight suggests that an attribute has high importance in the

! the number metastatic breast cancer specific studies identified in preliminary searches were insufficient to
justify their own review
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context of the DCE’s design. The selection of competing attributes, the range of levels for the
attribute and its competitors, and framing effects (Howard and Salkeld, 2009) all determine the scale
of a relative preference weight. Nevertheless, underlying preference is still a key determinant of
relative preference weights and, if the considerations are accounted for, valuable inferences are
possible. When making comparisons between DCEs differing study designs should be considered
including decisional context, the motivations of the studies, statistical methods, and sample
compositions. The complexity of these comparisons means they can’t be definitively relied upon,
nonetheless they are useful when consolidated with additional information from other WPs.

The main finding of the DCE literature review was the prevalence of certain attributes among the
DCEs, furthermore, certain attributes tended to be associated with high relative importance between
DCEs. The closely related attributes of progression free survival (PFS) and overall survival (OS) were
both frequently included and tended to have high relative importance, the significance of survival and
the relationship between these variations will be explored in more depth in section 4 of this paper.
Pain was another category of attribute which was frequently explored and tended to be associated with
high relative importance, this suggests a strong preference amongst patients to minimise suffering. It
is also worth noting that, many studies appeared to be interested in patients’ preferences for mode of
administration, although it appeared respondents often prioritised other attributes. As a final note, the
relative importance of many symptoms and side effects such as fatigue, nausea and diarrhoea differed
greatly between DCEs, it was here that the limitations of making deductions from the results DCEs
with different objectives were most apparent.

PACE Statement Thematic Analysis
We were granted access by the Scottish Medicines Consortium (SMC) to eight PACE statements
relating to metastatic breast cancer treatments. The SMC is Scotland’s advisory body for medicines,
as part of their drug approval process for ultra-orphan and end-of-life medicines they invite patient
and clinical representatives to meetings to discuss the benefits. These are known as Patient and
Clinical Engagement (PACE) meetings. PACE meetings aim to consider all available and relevant
evidence regarding new medicines including factors which traditional economic evaluation tends to
overlook. We identified PACE statements as a potentially useful secondary data resource for our
research since their focus is on the needs of the patient. Another advantage is that PACE statements
are a relatively recent innovation meaning they tend to present up-to-date information. Between Oct
2014 and Oct 2018, eight PACE meetings were convened for medicines seeking reimbursement for
the treatment of metastatic breast cancer. We conducted a formal thematic analysis (Braun and
Clarke, 2012) of the PACE statements which focussed on the positive and negative impacts of
treatment as well the insights into patient priorities.

We were able to identify six core themes which were composed of additional sub-themes (see figure
below). Themes were not mutually exclusive, meaning there is some degree of overlap between
themes. Two of the themes represent what we came to understand as the core goals of patients
according to the data, these were ‘Ability to live a normal life’ and ‘Survival’; treatments were praised
repeatedly by committees for their ability to improve these two outcomes. When consulting the
evidence from the PACE analysis it should be considered that they are designed to consider
externalities and not just the direct effect on patients. Specifically, PACE guidelines request that
respondents discuss the effect of disease and treatment on the family and carers. This explains the
prominence of the ‘effect on close ones’ theme which is often featured in the form of considering
perspectives outside of the patients. Although the findings were interesting for our research, we
decided to focus on the perspective of the patient. So naturally, this theme emerged. A key
disadvantage of PACE statements was their tendency to talk broadly and generally about symptoms
and side effects. For our research, we were interested in patients’ preferences for specific symptoms
and side effects, but the lack of detail meant little could be deduced about which common side effects
were more troublesome than others. It should also be noted that PACE statements are rarely critical of
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emerging drugs. The general feeling from the PACE statements was that participants were keen to
highlight the benefits of emerging drugs. There was a positive bias that we had to consider when
toxicities and benefits associated with the treatment in question were mentioned

PACE
Statement
Thematic
Analysis

JibnaRRaenane

Figure 1 — Results from thematic analysis of breast cancer PACE data

Patient Interviews
The richest data from the early stages of the project emerged from the semi-structured interviews we
conducted with 9 patients diagnosed with metastatic breast cancer. Women with secondary breast
cases with experience of multiple treatments and who were currently living in the Lothian area were
contacted by a research nurse and invited to participate in a face-to-face interview at an agreed
location, either a cancer charity premises or the patient’s home. We wanted to adopt a flexible
strategy where we could adapt individual interviews and our broader strategies as our understanding
of patient preferences and experiences developed. Grounded theory (Strauss and Corbin, 1994) is a
qualitative methodology that encourages a flexible strategy, however, conventional recommendations
state that interviewers should be mostly ignorant about the topic being explored so that bias does not
interfere with the formulation of theories. Given that we already had considerable knowledge of the
experiences of breast cancer patients, owing to ongoing research and professional experience, we
instead opted to conduct interviews according to the informed grounded theory approach (Thornberg,
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2012). This adaptation of the grounded theory methodology allowed us to incorporate our prior
knowledge in the traditional grounded theory approach whilst being aware of bias and remaining open
to new ideas. An interview plan was formulated which provided structure whilst allowing for
deviation and elaboration. The three core areas of focus were (1) patient history — patients were
invited to discuss the treatments they had received and reflect on their experiences with them (2)
treatment decision making — patient were asked how they remember decisions about treatment being
and to reflect on the extent of their own involvement (3) experience with treatment and disease —
patients were asked to reflect on their lived experience of their disease and their treatment and how it
affected them.

To summarise the broader findings: There was a general attitude that more treatment was generally
better and that listening to the advice of health professionals is the best thing one can do. There was a
large degree of variation in terms of the specific side effects that patients’ experiences and to what
extent. This is likely a consequence of the wide range of secondary malignancies and the treatments
received. Several patients mentioned suffering very little from symptoms and side effects since their
secondary diagnosis. There was a prevailing negative attitude towards chemotherapy and its
associated toxicities. The two primary goals of treatment appeared to be life extension and minimising
disruption to everyday life. The interviews helped us to understand the broader goals of patients as
well as their self-reported attitudes and behaviours regarding shared decision making. The richest
findings however related to discussions concerning specific symptoms and side effects, evidence from
these discussions will feature heavily in section 4 of this paper.
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Supporting Information 2

Table A1 Presentation of Side Effects Attribute Levels to Respondents

Tiredness

Even with best supportive treatment
and care, there will be weeks that

you experience the following...

No increase in tiredness. Your
cancer makes you more tired than
before, but this is relieved by rest.

Even with best supportive treatment
and care, there will be weeks that
you experience the following...
You are much more tired than usual,
your tiredness is not relieved by rest,
and it limits your ability to perform
some of your important daily
activities.

Nausea and Vomiting

No nausea and vomiting

Even with best supportive treatment
and care, there will be weeks that
you experience the following...
You have lost your appetite due to
nausea, but not enough to change
the amount you eat. Your nausea
may cause some vomiting.

Even with best supportive treatment
and care, there will be weeks that
you experience the following...
The amount you eat and drink is
decreased because of nausea but
you are not at high risk of major
weight loss or dehydration. The
nausea is likely to cause vomiting.

Diarrhoea

No diarrhoea

Even with best supportive treatment
and care, there will be weeks that
you experience the following...
You are having 2 more bowel
movements a day than you were
previously having.

Even with best supportive treatment
and care, there will be weeks that
you experience the following...
You are having 5 more bowel
movements a day than you were
previously having and this limits your

ability to perform some of your
important daily activities.

Additional Side effect

Peripheral neuropathy
No risk of hand foot syndrome or
mucositis.

Even with best supportive treatment
and care, there will be weeks that

Hand foot syndrome
No risk of neuropathy or
mucositis.
Even with best supportive treatment
and care, there will be weeks that
you experience the following...

you experience the following...
You have numbness and tingling in
the feet or hands and occasionally
burning, stabbing or shooting pain in
affected areas. This limits your
ability to perform some of your
important daily activities.

You have painful skin changes on
the palms of your hands and the
soles of your feet. This may include
peeling, blisters, bleeding, dryness,
cracking, calluses, and swelling.
This limits your ability to perform
some of your important daily
activities.

Mucositis
No risk of neuropathy or hand
foot syndrome.

Even with best supportive treatment
and care, there will be weeks that
you experience the following...
Your mouth becomes sore and
inflamed. You have ulcers which are
painful and mean you are unable to
eat spicy, acidic, and crunchy foods
such as crisps.

No risk of neuropathy, hand foot
syndrome or mucositis

Bullen A, et al. BMJ Open 2024; 14:e076798. doi: 10.1136/bmjopen-2023-076798



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Table A2 Respondent characteristics

Diagnosis n
Metastatic breast cancer 72
Primary breast cancer 33

Gender
Female 105
Male 0

Age
30-39 8
40-49 19
50-59 47
60-69 25
70-79 6
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Table A3 Multinomial Results — Main Specification

Estimate p 95% CI | 95% CI Relative attribute Minimum acceptable
Lower Upper importance survival
bound bound
Alternative Specific Treatment 0.9598 0.0006 0.4136 1.5060 - -
Constant
Fatigue Grade 2 fatigue -0.2899 0.0089 -0.5073 | -0.0726 0.0658 2.8017
Nausea Grade 1 nausea -0.3070 0.1021 -0.6750 | 0.0610 0.0951 2.9665 N.S.
Grade 2 nausea -0.4192 0.0232 -0.7811 | -0.0573 4.0503
Diarrhoea Grade 1 diarrhoea 0.0696 0.6425 -0.2242 | 0.3636 0.1536 -0.6734 N.S.
Grade 2 diarrhoea -0.6076 0.0011 -0.9715 | -0.2438 5.8714
Additional side effects | Grade 2 peripheral -1.070 0.0000 -1.4654 | -0.6748 0.2693 10.3399
neuropathy
Grade 2 hand foot syndrome | -1.1873 0.0000 -1.5759 | -0.7987 11.4723
Grade 2 mucositis -1.1264 0.0000 -1.4830 | -0.7698 10.8842
Overall survival Annual probability of 0.1035 0.0000 0.0764 0.1305 0.3521 -
survival
Urgent Hospital Probability of urgent hospital | 0.0097 0.0589 -0.0004 | 0.0198 0.0640 N.S. -2.8223 N.S.(for 30% level)
Admission admission in the first year of
treatment
Model statistics
Number of individuals 105
Observations 601
Log likelihood -431.59
Bayesian info criterion | 933.5637

N.S. not significant
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Table A4 Multinomial Results — Excluding Treat variable and paramatarising Overall Survival as Dummy Variables

Attribute Level Estimate p 95% CI Lower | 95% CI Upper
bound bound

Fatigue Grade 2 fatigue -0.2887 0.0136 -0.5179 -0.0595

Nausea Grade 1 nausea -0.3084 0.1080 -0.6844 0.0677
Grade 2 nausea -0.4194 0.0232 -0.7814 -0.0574

Diarrhoea Grade 1 diarrhoea 0.0668 0.6959 -0.2682 0.4019
Grade 2 diarrhoea -0.6036 0.0066 -1.0391 -0.1680

Additional side effects Grade 2 peripheral neuropathy -1.0758 0.0000 -1.5941 -0.5576
Grade 2 hand foot syndrome -1.1897 0.0000 -1.6034 -0.7761
Grade 2 mucositis -1.1269 0.0000 -1.4844 -0.7694

Overall survival (Annual 60% 2.5175 0.0000 1.9034 3.1316

probability of survival)
65% 3.0212 0.0000 2.2538 3.7887
75% 4.0641 0.0000 3.2953 4.8329

Urgent Hospital Admission Probability of urgent hospital admission in 0.0100 0.2467 -0.0069 0.0268
the first year of treatment

Model statistics

Number of individuals 105

Observations 601

Log likelihood -431.59

Bayesian info criterion 939.96
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Trade-offs between overall survival and side effects in the treatment of metastatic breast cancer: eliciting preferences of patients
with primary and metastatic breast cancer using a discrete choice experiment’

Supporting Information 3

Figure A1 Comparison of relative importance estimates from multinomial logit models between the entire sample and ‘survival non-traders’ (sample
excluding survival non-traders, N=71)
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Figure A2 Comparison of minimum acceptable survival from multinomial logit models between the entire sample and ‘survival non-traders’ (sample
excluding survival non-traders, N=71)
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Figure A3 Comparison of Relative importance estimates from multinomial logit models between the metastatic breast cancer sample (N=72) and the
primary breast cancer sample (N=33)
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Figure A4 Comparison of Relative importance Estimates Between the Metastatic Breast Cancer Sample (N=72) and the Primary Breast Cancer
Sample (N=33)
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