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The present study aimed to explore patient preferences for attributes of advanced hepatocellular
carcinoma (HCC) treatments. A stated preference survey was completed by 150 patients with HCC living
in Europe. Overall survival (OS) was the most important attribute, closely followed by risk of diarrhea
and hypertension, and other adverse event (AE) risks. Patients were willing to trade OS to reduce AE
risks. While less important than OS and AEs, patients also preferred shorter waiting times, and one-
off administration of selective internal radiation therapy and oral tablets over intravenous infusions.
Although patients placed the most value on extending OS, they were willing to forego OS to avoid risk
of treatment-related AEs, to maintain their quality of life.

Lay abstract: This study aimed to understand patient preferences for characteristics of advanced
hepatocellular carcinoma (HCC) treatments. A total of 150 people with HCC in Europe were presented
a series of questions asking them to choose between two hypothetical treatments. Overall, length of life
was the most important issue for patients, followed by avoiding diarrhea and hypertension, and then
other side effects and treatment risks. Patients were willing to forego some months of life to avoid side
effects or risks. Patients preferred to be given their treatment via a single minimally invasive hospital
procedure or oral daily tablets compared with intravenous drips. In conclusion, although patients placed
the most value on overall length of life, side effects and treatment risks were also important.
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Hepatocellular carcinoma (HCC) is the most prevalent primary liver cancer [1], accounting for 70–90% of liver
cancer deaths worldwide [2,3]. Treatment is not curative for most patients, who often experience poor clinical
outcomes, with approximately three-quarters of patients dying within five years of diagnosis [4]. Patients with
HCC have worse health-related quality of life (HRQL) than people with chronic liver disease [5]. Impairments
have been reported in physical and psychological health and functional wellbeing. Fan and colleagues suggest that
compromised physical wellbeing may often be a consequence of treatment side effects. Pain is the main symptom
reported by patients, with an increasing impact on HRQL as patients approach the end of life [4].

Sorafenib has been the standard of care for advanced HCC for over 10 years, following the SHARP trial [6–8].
The trial showed a median overall survival (OS) of 10.7 months for sorafenib versus 7.9 for placebo [6]. Lenvatinib,
another oral tyrosine kinase inhibitor (TKI), was subsequently introduced based on the REFLECT trial, showing
noninferiority versus sorafenib and a relatively similar tolerance profile [9].

The combination therapy of atezolizumab plus bevacizumab appears set to replace TKIs as the first-line treatment
for advanced HCC for most patients in most Western countries [10,11]. The IMbrave150 trial reported a median
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OS of 19.2 months for atezolizumab plus bevacizumab, versus 13.4 months for sorafenib [12]. The incidence of
grade 3 or 4 adverse events (AEs) was similar in both groups (56.5 vs 55.1% for atezolizumab plus bevacizumab
vs sorafenib, respectively); however, time to deterioration in quality of life and physical and role functioning were
longer for patients receiving atezolizumab plus bevacizumab, suggesting better tolerability for patients compared
with sorafenib [12]. Despite advances in therapy, options for treating advanced HCC remain limited. An unmet
medical need persists for therapy options with minimal impact on patients’ HRQL.

Patients with portal vein thrombosis or a tumor-induced degradation of their performance status are considered
to have advanced HCC, even if the cancer has not spread outside the liver [13]. Selected patients without extrahepatic
spread and with adequate tumor morphology and vascularization can be considered for an alternative locoregional
treatment, such as selective internal radiation therapy (SIRT), after assessment by a multidisciplinary team. SIRT
is an intra-arterial procedure usually requiring a single administration through a femoral or radial puncture [14],
performed in an in- or outpatient hospital setting. The SARAH trial randomized 467 patients to SIRT with
SIR-Spheres R© Y-90 resin microspheres or to sorafenib, in 25 centers in France [15]. The primary end point (survival
difference) was not met, however benefit in terms of HRQL was observed for SIRT versus the sorafenib group.
Specifically, patient-reported global health status was significantly better in the SIRT versus the sorafenib group,
with between group differences increasing over time. Further, the number of patients with at least one treatment-
related grade 3 to 5 AE was 92 (41%) of 226 patients in the SIRT group versus 136 (63%) of 216 patients in the
sorafenib group. A similar pattern of results emerged from the SIRveNIB trial whereby OS did not differ between
SIRT and sorafenib but SIRT had a better toxicity profile [16].

In the context of a median OS of 10 to 19 months with existing treatment options, preserving HRQL is
an important consideration in clinical decision-making. Choices between treatment options for patients should
therefore reflect their views regarding OS, treatment convenience and the risk of adverse events, particularly in the
palliative setting. The present study was designed to elicit patient treatment preferences in advanced HCC using
standardized stated preference methods. Discrete choice experiments (DCEs) are an accepted and widely-used
method for eliciting treatment preferences of patients [17,18]. Previous research using similar methods has explored
patient views of transarterial chemoembolization (TACE) for HCC [19].

Methods
The current study was designed to systematically elicit patient preferences for OS, avoidance of side effects and
different modes of treatment administration and schedules in the context of advanced HCC. The DCE survey
described HCC treatments in terms of different attributes (i.e., characteristics or features) of HCC treatments,
which were selected to reflect current treatment options. Survey participants were asked to choose between pairs of
hypothetical treatments that varied in terms of these attributes. By analyzing which treatments participants choose,
the relative importance of the different attributes can be estimated [20].

Identification of treatment attributes
Treatment attributes were initially selected based on data from clinical trials for treatments for advanced HCC,
including sorafenib, lenvatinib, atezolizumab plus bevacizumab and SIR-Spheres R© [9,12,15,16,21]. Information from
patient support group websites (Cancer.net, Cancer Research UK website, SIRT UK Network) was also used.
Attributes were considered relevant if they reflected differences between the main treatment options; treatment
differences also informed how attributes were presented. To ensure the hypothetical profiles presented in the choice
questions would be plausible, the inclusion of two or more related attributes was avoided, either through a selection
process or by combining them. For example, both OS and progression-free survival (PFS) were not included
simultaneously, and nausea, vomiting and loss of appetite were combined into a single attribute. The initial
selection of attributes reflecting AEs was based on consideration of the severity and frequency of these events
between treatment options. Seventeen possible attributes were considered (OS, PFS, tumor response, treatment type,
treatment waiting time, discontinuation rates, dose reduction, fatigue, diarrhea, hand-foot syndrome, hypertension,
weight loss, alopecia, skin conditions, anorexia, nausea/vomiting and proteinuria). Of the 17 possible attributes,
nine were included in the initial selection based on the criteria described above (OS, treatment schedule/mode
of administration, treatment waiting time, fatigue, nausea/vomiting/loss of appetite, diarrhea, skin irritation,
hypertension and alopecia). The initial selection was also designed to include attributes that represented both key
benefits and limitations of all relevant treatments in order to avoid favoring one treatment over another. Draft lay
descriptions of the initial selection of attributes and attribute levels were developed based on the literature.
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Table 1. Final attributes of the survey with the description of each attribute and associated attribute levels.
Attribute Level 1 Level 2 Level 3

Length of life
Treatments are aimed to shrink the tumor, slow down the growth and spread of the cancer and to
prolong life, but they are unlikely to cure your cancer. Different treatments could vary in their ability
to prevent the disease from spreading, which will affect how long you can expect to live.

You can expect to
live another
9 months

You can expect to
live another
12 months

You can expect to
live another
18 months

Treatment waiting time
Different treatments vary in the amount of time you will need to wait to begin the treatment.
During the waiting time you will not receive other treatments for your cancer, but you will receive
care from a special team of doctors and nurses to help manage any symptoms you may have.

You start treatment
immediately

You need to wait
2 weeks to start
your treatment

You need to wait
4 weeks to start
your treatment

How the treatment is given
Treatments for advanced stage HCC can be taken orally in tablet form, administered as a drip into
your bloodstream, or via a procedure that delivers the treatment directly to your liver.

Procedure
delivering
treatment to liver

Tablets once or
twice daily

Drip into your
bloodstream every
3 weeks

High blood pressure
Some treatments can lead to high blood pressure. You may not have any symptoms, but some
patients may develop severe high blood pressure which, if it is not managed, could increase your risk
of serious life-threatening health conditions (e.g., heart attack and stroke). If you develop high
blood pressure you would need to take additional medication or reduce your cancer treatment. If
this fails to control your blood pressure, you may have to stop your cancer treatment.

No risk of high
blood pressure

10% (1 in 10) risk of
high blood pressure

40% (4 in 10) risk of
high blood pressure

Nausea, vomiting and/or loss of appetite
Treatments can cause you to feel nauseous (i.e., feel sick), vomit and/or lose your appetite. Nearly all
patients who experience nausea, vomiting and/or loss of appetite have mild to moderate side effects
that could result in you eating and drinking less and losing some weight. You may need dietary
supplements. Your doctor may be able to manage nausea and vomiting with additional medication
or by reducing your treatment dose. A small minority of patients may need to be fed via a tube.

10% (1 in 10) risk of
nausea, vomiting
and/or loss of
appetite

20% (2 in 10) risk of
nausea, vomiting
and/or loss of
appetite

40% (4 in 10) risk of
nausea, vomiting
and/or loss of
appetite

Fatigue/tiredness
Treatments can cause fatigue or tiredness. Most patients who experience fatigue have mild to
moderate fatigue, which may be relieved by rest but could limit everyday activities like shopping,
cooking, housework and work. However, some patients have severe fatigue, which cannot be
relieved by rest. It is so severe that it would restrict your ability to care for yourself, including
activities like washing, eating, toileting and moving about.

No risk of
fatigue/tiredness

50% (5 in 10) risk of
temporary fatigue

50% (5 in 10) risk of
longer lasting
fatigue

Diarrhea
Treatments can cause diarrhea. Most patients who have diarrhea will have mild to moderate
symptoms, meaning you would have diarrhea up to six times a day. This could limit everyday
activities like shopping, cooking, housework and work. However, some patients have severe
symptoms, meaning you would have diarrhea seven or more times a day. Your doctor may be able to
manage your diarrhea with additional medication or by reducing your treatment dose.

No risk of diarrhea 20% (2 in 10) risk of
diarrhea

80% (8 in 10) risk of
diarrhea

Skin irritation
Treatments can be associated with skin irritation, which causes discomfort and pain. This could
include peeling, blisters, bleeding, cracked skin, swelling and thickening of the skin. Most patients
who experience this symptom have mild to moderate skin irritation. However, some patients have
severe skin irritation, meaning you experience more severe pain, limiting daily activities like walking.
Your doctor may be able to manage your skin irritation with additional medication or by reducing
your treatment dose.

No risk of skin
irritation

20% (2 in 10) risk of
skin irritation

60% (6 in 10) risk of
skin irritation

Survey development: clinician feedback & patient cognitive debriefing
Semistructured interviews with a radiologist, two medical oncologists and a hepatologist, all with clinical expertise
in HCC, were undertaken to review the attributes. Clinicians were asked to provide feedback on the attributes
in terms of clinical relevance, levels described in the survey, accuracy of the lay descriptions and any potential
omissions. A revised set of attributes was incorporated into a survey draft. Interviews with patients with HCC
(n = 5) elicited feedback on the relevance of the attributes and on the acceptability and understanding of the survey.

The final survey included the following attributes: length of life (OS); treatment waiting time; how the treatment
is given (combining mode of administration and treatment schedule); high blood pressure; nausea, vomiting and/or
loss of appetite; fatigue/tiredness; diarrhea; and skin irritation. All attributes were described according to three levels
(Table 1). The attribute levels were designed to reflect the realistic range of each attribute based on existing HCC
treatment options, so it was possible to understand their overall importance. The effectiveness of the treatments
was described in terms of remaining life expectancy. How the treatment is administered was described as daily
tablets, intravenous infusion in hospital every three weeks or a one-off hospital procedure. Treatment waiting time
was included to reflect variation in typical waiting times between systemic therapies (no waiting time) and SIRT
(up to 4 weeks). AEs included risk of high blood pressure (described as carrying a risk of developing severe high
blood pressure which, if not managed, could become life-threatening) and nausea, vomiting and/or loss of appetite.
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You need to wait 2 weeks to start your treatment You need to wait 2 weeks to start your treatment

You can expect to live another 12 months You can expect to live another 12 months

Procedure delivering treatment to liver

No risk of high blood pressure

20% (2 in 10) risk of nausea, vomiting or loss of
appetite

20% (2 in 10) risk of nausea, vomiting or loss of
appetite

40% (4 in 10) risk of high blood pressure

50% (5 in 10) risk of longer-lasting fatigue

20% (2 in 10) risk of diarrhoea 20% (2 in 10) risk of diarrhoea

60% (6 in 10) risk of skin irritation

50% (5 in 10) risk of temporary fatigue

No risk of skin irritation

Tablets once or twice daily

Length of life

Treatment waiting time

How the treatment is
given

High blood pressure

In what form and how
often the treatment is
taken

Nausea, vomiting and/or
loss of appetite

Fatigue/tiredness

Diarrhoea

Skin irritation

Which treatment for
advanced HCC do you
prefer?

Treatment aspects you are
comparing between
treatment A and B

Treatment A Treatment B

Please imagine that you are diagnosed with advanced HCC and are asked to choose your treatment. For each choice below please indicate whether
you prefer treatment A or B.

Treatment

Figure 1. Example choice set.

Diarrhea and skin irritation were described as mostly grade 1–2 with some experiencing grade 3 (see Table 1 for
full descriptions). The final attribute descriptions and levels are presented in Appendix A.

Survey development: experimental design & descriptive survey items
The attributes and levels were combined into 18 choice sets using a D-efficient design generated with NGene
software version 1.2.1 [22]. A sample choice question is shown in Figure 1.

The survey captured brief sociodemographic and clinical data. Patient-reported tumor numbers and location, and
overall health were used as a proxy for cancer stage, informed by the Barcelona Clinic Liver Cancer (BCLC) staging
system and described in Appendix B. Comprehension questions were also included to check understanding of the
hypothetical treatment scenario and attribute descriptions. The survey was developed in English and translated
into German, French and Spanish for data collection in those countries.

Participant recruitment
This study was reviewed and received exempt status determination by the Western Institutional Review Board
(WIRB). All participants gave informed consent prior to taking part in the study. Patients with HCC were recruited
through a healthcare research recruitment agency between July and November 2020. Potential participants were
invited to take part in the study via email with a link to the screening questionnaire. Participants were eligible if they
had a self-reported diagnosis of HCC (any stage of disease), were resident of a study country (France, Germany,
Spain or UK) and were willing and able to provide informed consent. If eligible, participants were directed to the
main online survey. Patients with any HCC stage were eligible for inclusion in the study, but they were asked to
imagine they had advanced stage HCC. A description shown in Appendix C was developed to provide background
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information on symptoms, prognosis and how treatment options differ at this stage of the disease, which was also
assessed in the patient interviews.

Statistical analysis
Choice data were analyzed in R using Apollo, an R package for choice model estimation [23]. Descriptive data were
analyzed using Stata version 16.0. Discrete choice data were analyzed using logit models; based on goodness-of-fit
properties (log likelihood, Akaike information criterion and Bayesian information criterion), the results from the
random parameter logit (RPL) model are presented. The model was estimated using the maximum simulated
likelihood approach. The logit model estimates beta coefficients for each attribute which indicate their importance
compared with a reference category. Beta coefficients were converted to odds ratios (ORs) to aid interpretation. For
categorical variables, the strength of preference associated with each attribute level was measured with respect to a
reference level. For continuous variables, the strength of preference relates to a 1-unit change in the attribute (i.e., a
1-month increase in the length of life attribute, a 1-week increase in the treatment waiting time attribute, or a 10%
increase in risk of high blood pressure, nausea/vomiting/loss of appetite, diarrhea or skin irritation attributes). Any
left bias in people’s choices (e.g., selecting the choice shown on the left) was accommodated using an alternative-
specific constant (i.e., a constant was added in the model for choosing treatment B over treatment A, independent
of the treatment attributes). The extent to which participants were willing to trade between treatment attributes
was explored using marginal rates of substitution, defined as the number of months of OS a patient is willing to
give up to improve another treatment attribute (for example, accepting a shorter OS if there was lower risk of an
AE).

Results
Demographic and clinical characteristics of the sample are shown for the total sample and by country in Ta-
ble 2. BCLC staging based on patient-reported tumor numbers and location, and overall health was (very)
early/intermediate HCC in 21%, advanced HCC in 43%, and end-stage HCC in 36% of the cases.

All treatment attributes were independent predictors of treatment choice (Table 3). This means that, for the
sample as a whole, all features of the treatments were considered by the participants when making their choices,
and that participants were willing to make trade-offs between those. The weight given to each attribute (patients’
strength of preference for each attribute) is presented with confidence intervals in Figure 2 & Table 3.

Patient preferences for overall survival
While OS (described as length of life in the survey) was the most important treatment attribute for the sample, the
results show that participants also considered AE risks and other treatment attributes when making their decisions.
Regarding OS, patients strongly preferred a treatment with 12 or 18 months OS compared with 9 months
(Figure 2). Patients were 26% more likely to prefer a treatment for each additional month of life (OR = 1.26, 95%
CI: 0.88–0.96).

Patient preferences for treatment waiting time & administration
For treatment waiting time, patients preferred to start their treatment as soon as possible. They were 8% less likely
to prefer a treatment for each additional week that they had to wait to receive it (OR = 0.92, 95% CI: 0.88–0.97),
that is, they were 16% less likely to choose a treatment with a 4-week waiting time compared with a 2-week waiting
time. There was no difference in patients’ preference for receiving their treatment as a tablet or as a liver-directed
procedure (SIRT). Participants preferred to avoid intravenous therapy, as is required for the administration of
atezolizumab plus bevacizumab; if all attributes are held constant, participants indicated that they would be 22%
less likely to choose an intravenous therapy compared with the SIRT procedure (OR = 0.78, 95% CI: 0.62–0.99).

Patient preferences for avoidance of adverse events
Patients strongly preferred treatments with a lower risk of hypertension, described as potentially life-threatening if
not treated, an AE related to all of the systemic therapies included in the survey. If the risk of high blood pressure
increased by 10% with a treatment, participants were 31% less likely to choose the treatment (OR = 0.69; 95%
CI: 0.63–0.75). Patients also preferred to avoid treatments that caused mild to moderate nausea, vomiting and
loss of appetite. They were 20% less likely to choose a treatment that was associated with a 10% increased risk of
nausea, vomiting and appetite loss (OR = 0.80; 95% CI: 0.76–0.85). Similarly, patients preferred to avoid diarrhea.
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Table 2. Sample characteristics.
Characteristic Full sample (n = 150) UK (n = 62) Germany (n = 59) Spain (n = 18) France (n = 11)

Age (years)

Mean (SD) 54.2 (13.0) 45.5 (13.3) 59.9 (8.8) 60.5 (5.3) 61.6 (12.2)

Sex†

Male 67.3% (101) 67.7% (42) 62.7% (37) 61.1% (11) 100.0% (11)

BCLC proxy stage

Very early/early/intermediate stage 20.7% (31) 8.1% (5) 23.7% (14) 44.4% (8) 36.4% (4)

Advanced 43.3% (65) 43.6% (27) 50.9% (30) 27.8% (5) 27.3% (3)

End stage 36.0% (54) 48.4% (30) 25.4% (15) 27.8% (5) 36.4% (4)

HCC tumors

Single tumor 20.0% (30) 19.4% (12) 17.0% (10) 22.2% (4) 36.4% (4)

2–3 small tumors (�3 cm) in liver 39.3% (59) 50.0% (31) 30.5% (18) 44.4% (8) 18.2% (2)

Many tumors in liver 15.3% (23) 16.1% (10) 18.6% (11) 0.0% (0) 18.2% (2)

Cancer spread, liver working well 14.0% (21) 12.9% (8) 20.3% (12) 5.6% (1) 0.0% (0)

Cancer spread, severe liver damage 7.3% (11) 1.6% (1) 10.2% (6) 16.7% (3) 9.1% (1)

Unsure/don’t know 4.0% (6) 0.0% (0) 3.4% (2) 11.1% (2) 18.2% (2)

Overall health

Able to go about daily activities at all times 22.7% (34) 8.1% (5) 23.7% (14) 61.1% (11) 36.4% (4)

Able to go about daily activities most of day 43.3% (65) 43.6% (27) 50.9% (30) 22.2% (4) 36.4% (4)

Able to go about daily activities some of day 30.0% (45) 43.6% (27) 23.7% (14) 16.7% (3) 9.1% (1)

Unable to go about daily activities at all times 4.0% (6) 4.8% (3) 1.7% (1) 0.0% (0) 18.2% (2)

Prior treatments

Liver surgery 35.3% (53) 24.2% (15) 45.8% (27) 50.0% (9) 18.2% (2)

TACE or TAE 51.3% (77) 58.1% (36) 45.8% (27) 44.4% (8) 54.6% (6)

Sorafenib 32.0% (48) 21.0% (13) 45.8% (27) 44.4% (8) 0.0% (0)

Lenvatinib 12.0% (18) 8.1% (5) 22.0% (13) 0.0% (0) 0.0% (0)

Regorafenib 5.3% (8) 6.5% (4) 3.4% (2) 11.1% (2) 0.0% (0)

Atezolizumab and bevacizumab 2.7% (4) 1.6% (1) 3.4% (2) 0.0% (0) 9.1% (1)

SIRT 13.3% (20) 14.5% (9) 15.3% (9) 5.6% (1) 9.1% (1)

SABR 2.0% (3) 4.8% (3) 0.0% (0) 0.0% (0) 0.0% (0)

CyberKnife radiotherapy 0.7% (1) 1.6% (1) 0.0% (0) 0.0% (0) 0.0% (0)

NanoKnife 0.7% (1) 0.0% (0) 1.7% (1) 0.0% (0) 0.0% (0)

Other ablative therapies 20.0% (30) 6.5% (4) 39.0% (23) 5.6% (1) 18.2% (2)

Other 4.7% (7) 0.0% (0) 1.7% (1) 22.2% (4) 18.2% (2)

Current treatment

Liver surgery 16.7% (25) 19.4% (12) 8.5% (5) 33.3% (6) 18.2% (2)

TACE or TAE 28.7% (43) 48.4% (30) 11.9% (7) 16.7% (3) 27.3% (3)

Sorafenib 23.3% (35) 19.4% (12) 30.5% (18) 27.8% (5) 0.0% (0)

Lenvatinib 6.7% (10) 0.0% (0) 17.0% (10) 0.0% (0) 0.0% (0)

Regorafenib 2.7% (4) 3.2% (2) 1.7% (1) 5.6% (0) 0.0% (0)

Atezolizumab and bevacizumab 2.7% (4) 1.6% (1) 3.4% (2) 0.0% (0) 9.1% (1)

SIRT 4.0% (6) 4.8% (3) 3.4% (2) 0.0% (0) 9.1% (1)

SABR 0.7% (1) 1.6% (1) 0.0% (0) 0.0% (0) 0.0% (0)

CyberKnife radiotherapy 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0) 0.0% (0)

NanoKnife 0.7% (1) 0.0% (0) 1.7% (1) 0.0% (0) 0.0% (0)

Other ablative therapies 10.0% (15) 1.6% (1) 20.3% (12) 0.0% (0) 18.2% (2)

Other 4.0% (6) 0.0% (0) 1.7% (1) 16.7% (3) 18.2% (2)

Distance to hospital

0–10 km 18.0% (27) 11.3% (7) 13.6% (8) 61.1% (11) 9.1% (1)

11–50 km 58.0% (87) 56.5% (35) 66.1% (39) 33.3% (6) 63.6% (7)

51–100 km 20.0% (30) 29.03% (18) 17.0% (10) 0.0% (0) 18.2% (2)

�100 km 4.0% (6) 3.2% (2) 3.4% (2) 5.6% (1) 9.1% (1)

†Count includes n = 1 who responded ‘preferred not to answer’; based on gender profile of HCC patients, subsequent analysis assumed the participant to be male, to enable
multivariable logit models to run on the full sample.
BCLC: Barcelona Clinic Liver Cancer; HCC: Hepatocellular carcinoma; SABR: Stereotactic ablative radiotherapy; SD: Standard deviation; SIRT: Selective internal radiation therapy;
TACE: Transcatheter arterial chemoembolization; TAE: Transarterial embolization.
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Table 3. Patient preference results from the random parameters model (n = 150).
Attributes and levels Odds ratio Lower 95% CI Upper 95% CI B coeff. Lower 95% CI Upper 95% CI

Alternative-specific constant

Ref. cat.: treatment B (right column) 1.221† 1.074 1.387 0.200 0.072 0.327

Length of life

1-month increase; range: 9–18 1.261† 1.208 1.316 0.232 0.189 0.275

Treatment waiting time

1-week increase; range: 0–4 0.917† 0.875 0.963 -0.086 -0.134 -0.038

How treatment is given

SIRT procedure (one-off) Ref. cat. Ref. cat.

Tablets (daily) 1.095 0.881 1.360 0.091 -0.126 0.308

Intravenous (every 3 weeks) 0.784† 0.620 0.991 -0.244 -0.478 -0.009

High blood pressure

10% risk increase; range: 0–40% 0.690† 0.632 0.754 -0.370 -0.458 -0.282

Nausea, vomiting and/or loss of appetite

10% risk increase; range: 10–40% 0.802† 0.756 0.851 -0.220 -0.280 -0.161

Fatigue/tiredness

No risk of fatigue Ref. cat. Ref. cat.

50% risk of temporary fatigue 0.387† 0.316 0.476 -0.948 -1.154 -0.743

50% risk of longer lasting fatigue 0.340† 0.278 0.415 -1.080 -1.281 -0.879

Diarrhea

10% risk increase; range: 0–80% 0.803† 0.778 0.828 -0.220 -0.251 -0.189

Skin irritation

10% risk increase; range: 0–60% 0.815† 0.783 0.848 -0.205 -0.245 -0.165

†Significant odds ratios at p � 0.05.
Ref. cat.: Reference category; SIRT: Selective internal radiation therapy.

Diarrhea was described as mild to moderate for most patients with up to six episodes a day, but some may develop
severe diarrhea. If a treatment increased the risk of diarrhea by 10%, patients were 20% less likely to prefer such a
treatment (OR = 0.80; 95% CI: 0.78–0.83). Hand-foot skin reaction is a known AE of TKIs and was described
in the survey as a skin rash with mild to moderate irritation, some pain, and that could limit usual activities.
Treatments which increase the risk of skin rash by 10% were 18% less likely to be chosen by participants, all other
attributes being held constant (OR = 0.82; 95% CI: 0.78–0.85). Fatigue was described in terms of a 50% risk of
developing either temporary fatigue (lasting up to a week) or longer-term fatigue (likely to last months). Compared
with no fatigue, patients were 61% less likely to choose a treatment with temporary fatigue (OR = 0.39; 95% CI:
0.32–0.48) and 66% less likely to choose a treatment with long-term fatigue (OR = 0.34; 95% CI: 028–0.42).

Trade-offs between overall survival & other treatment attributes
The importance of each attribute for participants was estimated in terms of marginal rates of substitution with
OS. Marginal rates of substitution indicate how many months of life patients may be willing to forego to achieve
improvements in other attributes. The results in Table 4 show the extent to which patients were willing to trade
treatment convenience and AEs against OS. Table 4 also shows information regarding the profile of sorafenib,
atezolizumab plus bevacizumab and SIRT in terms of the survey attributes.

To reduce the risk of high blood pressure by 10%, participants were willing to forego 1.6 months of OS (95%
CI: 1.2–2.0); considering the incidence of hypertension reported for systemic therapies in advanced HCC, patients
may be willing to forego up to 6 months of life to completely avoid the risk of this adverse event. For a 10%
reduction in risk of nausea, vomiting and/or loss of appetite, participants were willing to forego 1.0 month of OS
(95% CI: 0.7–1.2). To avoid fatigue completely, participants were willing to trade over 4 months of OS.

Reductions in the risk of either skin rash or diarrhea by 10% were considered to be equivalent to 0.9 months
of OS. Patients may therefore be willing to forego approximately 4 months of life to completely avoid the risk of
skin rash associated with sorafenib and lenvatinib (between 2.1 and 4.9 months of OS based on a 23–55% risk of
skin rash) and up to 6 months of life for diarrhea (between 2.7 and 6.9 months of OS based on a 30–77% risk
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Figure 2. Preference weights plot from the random parameters model. Graph shows the importance of changes in
the levels of each attribute in the survey (based on beta coefficients from the logit model results presented in Table 3
with 95% CI).
*p < 0.05; **p < 0.001. For continuous variables, p-values for trend are shown; for categorical variables, p-values for
attribute levels are compared with reference level (how the treatment is given: SIRT is the reference level;
fatigue/tiredness: no risk of fatigue is the reference level).

of diarrhea). Patients are also willing to trade approximately 1.7 months of OS to avoid a 18.8% risk of having
diarrhea as an AE of atezolizumab plus bevacizumab, and up to 1 month of OS to avoid a 2–13% risk of diarrhea
associated with SIRT. Having to undergo an intravenous infusion every 3 weeks was equivalent to 1.1 months of
OS (95% CI: 0.0–2.1). To avoid waiting for treatment, participants were willing to trade up to 1.6 months of OS
(assuming that treatment waiting times could be up to 4 weeks).

Discussion
The current stated preference survey provides several important insights into patient preferences for advanced
HCC treatments. All treatment attributes included in the survey were significant independent predictors of patient
choice. While some attributes were more important than others, the findings show that participants considered all
of them when making their choices. Length of life was the most important treatment attribute. Patients also had a
strong preference to avoid diarrhea, high blood pressure, fatigue, skin irritation and nausea, vomiting and/or loss
of appetite. All of these AEs are associated with one or more of the current treatment options for advanced HCC.

Remaining life expectancy for patients with advanced HCC is very low. Therefore, their treatment choices
reflect a trade-off between maximizing the length of their remaining life and maintaining their quality of life.
Treatment-related AEs are more common for systemic therapies compared with SIRT [9,12,15,16]. While AEs such as
diarrhea, fatigue and hand-foot skin reaction are known for their negative impact on patients’ quality of life [24], the
present study demonstrates that patients are also willing to trade length of life to avoid the risk of other AEs such as
hypertension and nausea/vomiting. These results are consistent with previous research that has also reported that
patients with cancer are willing to trade survival to avoid severe AEs [25,26].

Although the present study, by design, evaluated patient preferences for individual types of AEs as separate
attributes of the treatments, it is worth noting that people receiving treatment for advanced HCC will commonly
have more than one AE and that the risk of events persists over the duration of their treatment. In the SARAH
trial, patients who had any treatment-related AE reported a mean of 14.0 events of any grade (2837 events for
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Table 4. Marginal rates of substitution for differences in attribute levels with reference to treatment-specific
characteristics.
Attribute Months of life patients are

willing to trade to avoid
attribute (95% CIs)

Treatment-specific characteristics by attribute

Sorafenib/lenvatinib#,†† ,‡‡ Atezolizumab + bevacizumab§§ SIRT#,††

Treatment waiting time Immediate–2 weeks Unknown Up to 4 weeks¶

1-week increase 0.4 (0.2–0.6)

How treatment is given
Ref. cat.: one-off hospital
procedure

Tablets† Intravenous One-off hospital procedure

Intravenous infusion every
3 weeks

1.1 (0.0–2.1)

High blood pressure Any grade: 14–42%
Grades 1–2: 13–19%
Grades ≥3: 1–23%

Any grade: 29.8%
Grades 1–2: 14.6%
Grades ≥3: 15.2%

Any grade: 0–3%
Grades 1–2: 0–3%
Grades ≥3: 0%

10% risk reduction 1.6 (1.2–2.0)

Nausea, vomiting and/or loss of
appetite

Any grade: Nausea/vomiting:
24%
Anorexia: 36%
Grades 1–2:
Nausea/vomiting: 22%
Anorexia: 31%
Grades ≥3:
Nausea/vomiting: 2%
Anorexia: 5%

Any grade:
Nausea: 12.2%
Decreased appetite: 17.6%
Grades 1–2:
Nausea: 11.9%
Decreased appetite: 16.4%
Grades ≥3:
Nausea: 0.3%
Decreased appetite: 1.2%

Any grade: Nausea/vomiting:
11%
Anorexia: 14%
Grades 1–2:
Nausea/vomiting: 11%
Anorexia: 11%
Grades ≥3:
Nausea/vomiting: 0%
Anorexia: 3%

10% risk reduction 1.0 (0.7–1.2)

Fatigue/tiredness
Ref. cat.

Longer lasting fatigue
Any grade: 25–76%
Grades 1–2: 12–57%
Grades ≥3: 4–19%

Longer lasting fatigue
Any grade: 20.4%
Grades 1–2: 18.0%
Grades ≥3: 2.4%

Temporary fatigue
Any grade: 4–45%
Grades 1–2: 4–36%
Grades ≥3: 0–9%

50% risk of temporary fatigue
reduction

4.1 (3.2–5.0)

50% risk of longer lasting fatigue
reduction

4.7 (3.8–5.5)

Diarrhea Any grade: 30–77%
Grades 1–2: 26–63%
Grades ≥3: 4–14%

Any grade: 18.8%
Grades 1–2: 17.0%
Grades ≥3: 1.8%

Any grade: 2–13%
Grades 1–2: 2–12%
Grades ≥3: 0–1%

10% risk reduction 0.9 (0.82–1.1)

Skin irritation Any grade: 23–55%§
Grades 1–2: 17–41%
Grades ≥3: 6–17%

Any grade: 1%§
Grades 1–2: 1%
Grades ≥3: 0%

Any grade: 0–1%§
Grades 1–2: 0–1%
Grades ≥3: 0%

10% risk reduction 0.9 (0.7–1.1)

†Results not presented due to attribute levels not being statistically significant.
‡Duration of fatigue not reported for combination therapy.
§Figures based on prevalence of hand-foot skin reaction.
¶Clinician opinion.
#Vilgrain V et al., 2017.
††Chow PKH et al., 2018.
‡‡Kudo M et al., 2018.
§§Finn RS et al., 2020.
Ref. cat.: Reference category.

203 patients), and 3.0 events of grade 3 or 4 (411 events for 136 patients) during the follow-up period of the
trial [15]. Atezolizumab, an immune checkpoint inhibitor, can further result in immune-related AEs involving
multiple organs [27].

Hypertension is an adverse event commonly associated with systemic therapies for advanced HCC. The present
study results suggest that patients may be willing to trade 2.2, 4.8 or 6.7 months of life to avoid the risks of hyper-
tension associated with sorafenib (14%), atezolizumab plus bevacizumab (29.8%) or lenvatinib (42%), respectively,
in their pivotal trials. Because the reported incidence of any grade hypertension with SIRT is 0 to 3% [15,16], the
study findings indicate that this attribute is a significant driver of patient preference toward SIRT.

Nevertheless, the magnitude of patients’ aversion for hypertension may not be clinically plausible. While the
description of high blood pressure was developed by the authors for the survey, validated by clinicians and tested

future science group www.futuremedicine.com 4283



Research Article Lo, Sharma, Costentin et al.

in cognitive debriefing interviews with patients to reflect all grades of severity of this AE, it cannot be ruled out
that surveyed patients may have focused on the more severe aspects of the description when making their choices.
This may have been caused in part by the reference to “life-threatening” consequences of hypertension: indeed,
the corresponding attribute described how “[patients] may not have symptoms, but [. . . ] may develop severe high
blood pressure which, if it is not managed, could increase [their] risk of serious life-threatening health conditions
(e.g., heart attack and stroke).”

Although hypertension is described in the National Cancer Institute (NCI) Common Terminology Criteria for
Adverse Events (CTCAE) v5.0 classification as having “life-threatening consequences,” this is especially true for
grade 4 hypertension. Furthermore, while deaths due to cardiovascular events were reported in clinical trials of
systemic therapies, it is uncertain if hypertension contributed to these deaths. Finally, the description may not have
sufficiently emphasized the possibility of managing hypertension using additional treatment, described as “If you
develop high blood pressure you would need to take additional medication or reduce your cancer treatment.” A
conservative sensitivity analysis considering only grade 3–4 hypertension risks suggests that the avoidance of this AE
is equivalent to trading up to 0.2 to 3.7 months of OS for sorafenib and lenvatinib (1–23% risk) and 2.4 months
for atezolizumab plus bevacizumab (15.2% risk).

Overall, treatment administration/schedule and treatment waiting time were less important to patients than
length of life or adverse events, but remained relevant. SIRT and the daily oral administration of tablets applicable
for TKIs were both preferred to the intravenous infusions required for atezolizumab plus bevacizumab.

Patients also preferred not having to wait for their treatment. The administration of atezolizumab plus beva-
cizumab requires a prior endoscopy to rule out the presence of esophageal varices. This requirement may result in
a delay to treatment that patients may wish to avoid – the present study found that patients would be willing to
trade up to 1.6 months of life to avoid a 4-week delay in receiving treatment. The timing of this study may have
impacted patient preferences for treatments requiring hospital visits or stays, as these treatments could be associated
with more delays due to the COVID-19 pandemic.

SIRT was described in the present study as being performed via femoral or radial access, and during either one
or two sequential hospital visits that were one to two weeks apart. While the description of treatment administration
was based on current practice, it should be noted that this is evolving continuously. Patients have a preference
for a radial as opposed to a femoral access for the administration of SIRT due to a shorter recovery time and
lower levels of pain during the procedure [28], and SIRT is increasingly performed with a radial access. In addition,
same-day dosimetry and treatment options for Y-90 resin microspheres support an increasing use of single-session
procedures for patients with HCC in real-word clinical practice. The estimated strength of preference for the mode
of administration attribute of SIRT in the present study could therefore be conservative.

To our knowledge, this is the first study to explore patient preferences for advanced HCC therapies including
the most recent developments in the treatment landscape. This study considered data from the latest clinical
trials for recently approved treatment options and expert opinion from clinicians to develop the survey. Overall,
although patients are likely to favor treatments that extend length of life, the impacts of treatment on HRQL are
also significant drivers of patient preference. In the context of a shared decision-making process and with additional
treatment sequences and combinations becoming available in advanced HCC, including novel ways of delivering
personalized therapies, treatment decisions should be responsive to patients’ views regarding treatment convenience
and risk of adverse events as well as life expectancy. Patient preferences for advanced HCC treatment options may
differ from those of clinicians.

The interpretation of study findings should consider a number of study limitations. First, the average age of the
study sample was lower than the average patient age reported in studies in the literature [15,16,29,30]. This may reflect
the method of recruitment and online data collection. It is possible, therefore, that the views of older patients,
which may differ from younger patients, may be underrepresented. The study also included patients from four
European countries in order to increase the generalizability of the results and achieve a robust sample size. The
data were aggregated, but the sample was not sufficient to explore differences between countries; not all treatment
options may be available in all four countries. The sample also included participants at different points in their
treatment pathway; not all participants had advanced HCC. The survey asked participants to imagine that they
had advanced disease (with the associated prognosis) when answering the choice questions; it is possible that survey
responses were influenced by the participant’s current stage of disease (e.g., milder disease than advanced HCC)
despite the instruction to imagine they had advanced HCC. Considering the relatively small numbers of patients
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with advanced HCC, however, the researchers felt the study would benefit from including a larger sample of patients
with any stage of HCC to ensure a sufficient sample size for a relatively robust analysis.

Although DCEs are an established method, it is worth noting that the survey and the choice tasks included
relatively complex information on which patients were asked to make their choices. The treatment administration
attribute, which required a lengthy description, and the fatigue attribute, describing both the duration and risk
of fatigue, were both complex. The survey design included graphics and text to aid comprehension, and survey
content was piloted with patients; however, it is possible that at least some participants did not fully understand
the complexity of the choice tasks, which may have led to some measurement error. Although the survey was
validated by clinicians from a range of backgrounds with experience treating HCC patients, their views may not
be representative of the views of the wider community of clinical experts.

A limited number of attributes were selected to avoid presenting patients with overly complex treatment choices
and to avoid increasing the required sample size to complete the study. The prevalence of specific AEs in clinical
trials and the variations in their association with the treatments were key considerations when selecting potential
attributes—not all AEs commonly observed in patients with advanced HCC were included in the survey. This
is particularly true for liver failure or decompensation and other related symptoms (e.g., ascites, gastrointestinal
bleeding). Considering the lack of variability in the rate of these AEs across the evidence base, they were not
considered relevant for the present analysis. Lastly, the study findings reflect preferences in the context of current
treatment options for advanced HCC. Further research may be needed as new treatments emerge.

Conclusion
This study examined what is important to people with HCC across four European countries when choosing a
treatment for advanced HCC, given that OS is limited to approximately 1–2 years for these patients. The DCE
survey identified that patients placed most value on extending OS. However, the results also demonstrated that
they were willing to forego several months of OS in order to maintain their quality of life, by avoiding the
risk of treatment-related adverse events. The study results support clinician and patient discussion around shared
decision-making for treatment options in advanced HCC.

Summary points

• People with unresectable, advanced hepatocellular carcinoma (HCC) have several first-line treatment options
including systemic therapies (sorafenib, lenvatinib), the combination of atezolizumab and bevacizumab, and
selective internal radiation therapy (SIRT).

• This study aimed to understand patient preferences for attributes associated with advanced HCC treatments,
including overall survival (OS), treatment waiting time, mode of administration and schedule, and the following
adverse events (AEs): hypertension (defined as potentially life-threatening), nausea/vomiting/loss of appetite,
fatigue, diarrhea and skin irritation.

• A stated preference survey was completed by 150 patients living in Europe, of whom 20% had a single tumor
nodule, 55% had multifocal intrahepatic disease and 21% had extrahepatic disease.

• All treatment attributes were independent predictors of patient treatment choices. OS was the most important
attribute, closely followed by risk of diarrhea and hypertension, and then by other AEs.

• Patients were willing to trade OS to reduce risk of AEs: reducing risk of hypertension by 10% was equivalent to
trading 1.6 months of OS; reducing risk of diarrhea, skin irritation or nausea/vomiting/loss of appetite by 10%
was equivalent to trading 1.0 month of OS. Patients were willing to trade 4.0 months of OS to avoid a 50% risk of
fatigue.

• While less important than OS and AEs, patients also preferred shorter treatment waiting times, and one-off SIRT
or an oral administration over intravenous infusions.

• Study results suggest that although patients placed the most value on extending OS, they were willing to forego
several months of OS to avoid the risk of treatment-related AEs and maintain quality of life.

• Understanding patient treatment preferences may inform clinical decision-making in advanced HCC, and
encourage shared decision-making between clinicians and patients.
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