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Abstract

Background Research assessing health-related quality of life (HRQoL) which can be applied to economic evaluation
in Barrett’s esophagus (BE) and esophageal cancer is limited. This study derived health state utilities for various
‘stages’ of BE and Cancer.

Methods A cross-sectional survey was conducted, including patients with non-dysplastic BE, low-grade dysplasia,
high-grade dysplasia, or esophageal adenocarcinoma. HRQoL was assessed using generic instruments—EQ-5D-5L
and SF-36, and a cancer-specific instrument—EORTC QLQ-C30. Outcomes were compared for health states fol-
lowing different treatments. Correlations and agreements for the three instruments were investigated using Spear-
man’s correlation coefficient () and intraclass correlation coefficient (ICC).

Results A total of 97 respondents (80% male, mean age 68 years) returned questionnaires. The mean (standard
deviation) health state utilities for the total sample were 0.79 (0.24) for the EQ-5D-5L, 0.57 (0.29) for the SF-6D
(derived from SF-36) and 0.73 (0.20) for the QLU-C10D (derived from EORTC QLQ-C30). There were strong
correlations (r > 0.80) and absolute agreement (except EQ-5D-5L and SF-6D with an ICC of 0.69) among the three
instruments. No significant differences were observed for different stages of BE or interventions. However, following
surgery for cancer patients reported better psychological well-being than those under surveillance or following
endoscopic treatments.

Conclusion HRQoL for BE surveillance and following cancer treatment was similar. Esophagectomy was associated
with better psychological functioning, and this might be attributed to a reduction in the perceived risk of cancer. The
correlation between the EORTC QLU-C10D and the other health state utility instruments supports the validity of this
new instrument.
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Barrett’s esophagus (BE) is the recognized precursor of
esophageal adenocarcinoma [1], an aggressive cancer with
a poor 5-year survival rate, and an incidence which has
continued to increase by 2% per year in Australia and the
USA [2, 3]. The importance of assessing health-related
quality of life (HRQoL) for patients with BE and patients
with esophageal cancer has gained increasing attention
worldwide [4]. However, empirical research to assess
quality of life, especially preference-based HRQoL (or
health state utility) which can be applied for economic
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evaluation and economic modeling studies in patients with
BE and with esophageal cancer, is limited. Health state
utility (on the 0—1 dead-full health scale) is essential for the
calculation of quality-adjusted life years (QALYs) when
conducting cost-utility analyses, the most prevalent form of
economic evaluation internationally [5].

In a study of 50 patients aged 46-83 years from the US
investigating health state utilities in patients with malignant
esophageal dysphagia using three methods (direct assess-
ment via standard gamble (SG), time trade-off (TTO) and
indirect assessment via the EuroQol 5-dimensions (EQ-5D)
instrument), mean utilities decreased across all three
methods along with more advanced stages [6]. The utilities
in patients with various BE-associated health states in the
USA were further studied in a sample of 20 patients aged
49-77 years using the SG method [7]. All patients in the
study had BE without dysplasia, but the other BE-associ-
ated health state utilities were evaluated based on hypo-
thetical states. A systematic review of HRQoL in patients
with BE suggests that BE is associated with a significant
decrement in HRQoL as measured by both generic and
disease-specific quality-of-life instruments [4].

The vast majority of studies have been conducted in the
USA, and none have applied the five-level version of the
EQ-5D (EQ-5D-5L) and the utility-based version of the
European Organization for Research and Treatment of
Cancer Quality of life Core questionnaire version 3.0
(EORTC QLQ C30), the Quality of Life Utility Measure-
Core 10 dimensions (QLU-C10D). No study to date has
been conducted in Australia to derive health state utility for
patients with various BE-associated health states. This
study aimed to fill this gap by investigating HRQoL and
health utility scores for common progression states in
patients with BE using two generic utility-based measures
the EQ-5D-5L and the SF-6D and one disease-specific
utility measure, the QLU-C10D. The Australian cohort
further diversifies the data available for future health eco-
nomic modeling.

Methods

A cross-sectional survey was conducted. Potential partici-
pants were sought from two clinical administrative data-
bases: Patients with non-dysplastic Barrett’s esophagus
(NDBE), low-grade dysplasia (LGD), or high-grade dys-
plasia (HGD) were recruited from a Barrett’s Esophagus
Surveillance database, which has managed the recall and
scheduling of > 1000 patients with Barrett’s esophagus
from the Southern Adelaide region in South Australia
(approximate population 450,000) since 2003. Patients
with esophageal adenocarcinoma managed at Flinders
Medical Centre were recruited from an upper

gastrointestinal cancer database. Two inclusion criteria
were applied: Respondents were aged > 40 years old, and
were able to read and write in English for the purpose of
self-completing a questionnaire. One exclusion criterion
was originally considered: Those who had an esophagec-
tomy or endoscopic ablation (e.g., endoscopic mucosal
resection) treatment within the previous 12 months of the
survey were excluded to minimize the impact of the early
post-treatment on HRQoL. However, after examining their
quality of life data and identifying no statistically signifi-
cant differences for outcomes in individuals at less than
12 months follow-up, we included all respondents irre-
spective of length of follow-up in this study owing to the
relative small sample size of the respondents.

Owing to the descriptive nature of this study, there were
no formal sample size requirements for the statistical
analysis [8]. Based on the previous literature, studies
undertaken to generate utility measures for patients
undergoing BE surveillance or with esophageal adenocar-
cinoma have included varied sample sizes. One study
applied the EORTC in a sample of 57 patients with ade-
nocarcinoma [9], 50 patients with malignant esophageal
dysphagia were enrolled in a study using SG, TTO, and the
EQ-5D to investigate health state utilities [6], and a sample
of 20 patients with various BE-associated health states
were recruited in a study that used the SG method [7]. Our
study aimed to recruit 25 participants for each of the four
sub-groups specified, and a total of 100 patients.

A hard-copy questionnaire and information sheet were
sent to potential participants, and completed returned
questionnaires yielded the data for this study. The ques-
tionnaire consisted of two main sections. Section A
included participants’ demographic characteristics, pre-
existing comorbidity information, and treatment history
across the previous 12 months. Section B included three
HRQoL instruments: one generic preference-based HRQoL
instrument, the five-level EQ-5D questionnaire (EQ-5D-
5L), one generic HRQoL instrument, the 36-Item Short-
Form Health Survey (SF-36), and one cancer-specific QoL
instrument, the EORTC QLQ-C30.

EQ-5D-5L [10]: The five-level EQ-5D is an updated
version of the world’s most widely used HRQoL three-
level EQ-5D (EQ-5D-3L) instrument, developed by the
EuroQol Group. The EQ-5D-5L comprises five dimen-
sions: mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. By increasing the number of levels
for each dimension, the EQ-5D-5L could potentially
increase reliability and sensitivity and reduce -ceiling
effects relative to the previous three-level version [11]. An
Australian-general-population-specific scoring algorithm
for the EQ-5D-5L developed using a discrete choice
experiment technique based on an online panel of 944
general populations was used for comparison [11].
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SF-36 (Version 2.0) and SF-6D [12]: The SF-36 is the
most widely used generic non-preference-based HRQoL
instrument. The 36 items can be grouped into eight sub-
scales and two component summary scores (a physical
component summary (PCS) and mental component sum-
mary (MCS)). The SF-6D is a preference-based instrument
that is derived from the SF-36 [12]. An Australian-specific
scoring algorithm developed using a discrete choice
experiment technique based on an online panel of 1017
respondents from the general population was used for
comparison of the SF-6D data [13].

EORTC QLQ-C30 and QLU-C10D [14, 15]: The
EORTC QLQ-C30 represents one of the most widely used
cancer-specific QoL instruments. The QLQ-C30 contains
30 items covering the most common cancer symptoms and
functions. It has five multi-item functional scales, three
multi-item symptom scales, six individual items concern-
ing common symptoms in cancer patients, and two ques-
tions assessing global health status/overall quality of life.
Recently, a new cancer-specific preference-based instru-
ment QLU-C10D has been developed based on responses
from the QLQ-C30; an Australian general population
scoring algorithm developed using a discrete choice
experiment technique from an online panel of 1856 par-
ticipants was used for comparison in this study [16].

Data analysis

Demographic and treatment characteristics of the study
sample were summarized using the number and percentage
for categorical variables and the means and standard
deviations (SD) for continuous variables as well as the
medians and interquartile ranges (IQR). Descriptive
statistics to summarize the quality of life scores of the
entire sample and by diagnosis (NDBE, LGD, HGD, and
cancer) as well as interventions (surveillance, endoscopic
treatment and surgery) were generated. Bivariate analysis
was conducted to assess the relationship between quality of
life and the diagnosis/interventions using statistical tests of
difference between groups (the Wilcoxon rank sum or
Mann—Whitney U test for two-group analysis and the
Kruskal-Wallis tests for more than two groups). The
strengths of correlation and absolute agreement between
each of the two health state utilities were investigated using
the Spearman’s correlation and the intraclass correlation
coefficients (ICCs) (with an ICC > (.7 indicating a strong
agreement) [17]. A Bland—Altman plot [18] which allows
visual determination of the agreement between the newly
developed QLU-C10D and the other two classical health
state utility instruments is also presented. The criterion for
statistical significance was assumed at a threshold of 5%
(P < 0.05). Data were analyzed using Stata version 14
[19]. This study was approved by the Southern Adelaide

@ Springer

Clinical Human Research Ethics Committee (Reference
No. 492.14-HREC/14/SAC/511).

Results
Respondents’ characteristics

A total of 177 people from the Barrett’s esophagus data-
base, and 44 patients with esophageal adenocarcinoma,
were identified as meeting the inclusion criteria and invited
to participate in this study. Among them, three people from
the Barrett’s esophagus database were deceased and 11
identified from the cancer database were not contactable by
mail (e.g., address changed) at the time of the survey. In
total, 74 surveys were returned from the Barrett’s esopha-
gus cohort (NDBE = 37; LGD = 15, and HGD = 22) and
23 from the esophageal adenocarcinoma cohort, with an
overall response rate of 46.4%. Mean (range) age of the
sample was 68 (43-90) years, 80% were male, and 64%
reported themselves as ex-smokers. Among them, 23
patients had undergone esophagectomy, including 18
patients diagnosed with cancer, and five patients with
HGD; the remaining five cancer patients either declined
surgery or were not fit enough to undergo operation. All
patients diagnosed with cancer who underwent
esophagectomy received neoadjuvant chemoradiotherapy
before surgery. The mean time from surgery to completion
of the questionnaire was 25 months. Respondents with
HGD (who did not receive surgery) were treated endo-
scopically; they were analyzed as the endoscopic treatment
group. Table 1 summarizes the characteristics of the study
sample.

Quality of life assessment

The mean (SD) health state utility scores for the whole
sample was 0.79 (0.24) according to the EQ-5D-5L, 0.57
(0.29) according to the SF-6D, and 0.73 (0.20) for the
QLU-C10D (Table 2), and there were strong correlations
(all > 0.8) and absolute agreements (except EQ-5D-5L
and SF-6D with an ICC of 0.69) among the three health
state utilities (Table 3). Figure 1 presents Bland—Altman
plots for the newly developed QLU-C10D vs EQ-5D-5L/
SF-6D instruments. The limits of agreement (LoA) (which
is defined as the mean difference = 1.96 SD of differences)
of EQ-5D-5L and QLU-C10D ranged between — 0.198
and 0.336, while the LoA of SF-6D and QLU-C10D ranged
between — 0.510 and 0.187.
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Table 1 Patient characteristics

Characteristics N (%)/mean (SD)"

Age (years)® 67.8 (10.7)
Gender: male 78 (80%)
Born in Australia 64 (66%)
Smoking status
Smoker 10 (11%)
Ex-smoker 61 (64%)
Never smoked 24 (25%)
Comorbidities
Heart 12 (12%)
Respiratory 12 (12%)
Diabetes 18 (19%)
Renal 2 (2%)
Obesity 11 (11%)
Reflux 52 (54%)
Other comorbidities 19 (20%)
Treatment characteristics
Oesophagectomy 23 (24%)
Chemotherapy 19 (20%)
Radiotherapy 15 (15%)
Palliative care 4 (4%)
Radio-frequency ablation 3 (3%)
Endoscopic mucosal resection 12 (12%)
Argon plasma coagulation 5 (5%)
Time post-endoscopic treatment (months)* 28.9 (34.5)
Time under surveillance (months)* 73.4 (40.1)
Time after surgery (months)* 25 (25.7)

“The full sample includes respondents with non-dysplastic Barrett’s
esophagus (N = 37), low-grade dysplasia (N = 15), high-grade dys-
plasia (N = 22), and cancer (N = 23)

*SD standard deviation

Quality of life scores in sub-groups

When differentiated by stage of disease, consistently lower
scores on all instruments were observed for respondents
with HGD than the other disease states but this difference
was not statistically significant (see Table 2 for more
details). Examining the quality of life scores for respon-
dents with and without a diagnosis of cancer, the results
indicated higher scores for respondents who had received a
cancer diagnosis on all instruments (except for SF-36
PCS), although these differences were not statistically
significant except for the mental health component of the
SF-36 (P = 0.041). When differentiated by type of inter-
vention received (i.e., surveillance, endoscopic treatment
or surgery), there were no statistically significant differ-
ences observed (see Table 4 for details).

Discussion

This study evaluated HRQoL in patients with BE and
esophageal adenocarcinoma in Australia from a health
economics perspective. Compared to other studies con-
ducted among patients with BE and applying the SF-36,
lower scores, both component and dimension scores, were
observed in our study population [20, 21]. This might be
attributed to more advanced age in our study (68 years
compared to 65 and 57 in the previous two studies), or
different managements of gastroesophageal reflux-21% in
the second study had undergone anti-reflux surgery [21].
However, similar to other studies [21, 22], we demon-
strated high levels of psychosocial symptoms such as
anxiety and depression among patients under endoscopy
surveillance. This has been attributed to the psychological
distress associated with living with a pre-malignant con-
dition, coupled with the burden of endoscopic surveillance
and treatment [4, 20, 21]. In patients with a diagnosis of
dysplastic BE, a perceived higher risk of cancer and
potential future treatment might also contribute to impaired
HRQoL and high levels of depression, worry, and stress
[23].

When compared to patients under surveillance
(Table 4), respondents with cancer reported better HRQoL
on the psychological well-being dimensions for all instru-
ments (details not shown): EQ-5D-5L (anxiety/depression),
SF-6D (mental health), SF-36 (mental health), and QLQ-
C30 (emotional functioning and cognitive functioning). It
is important to note here that over 75% of respondents
diagnosed with cancer underwent esophagectomy. Scarpa
et al. [24] have attributed the improved emotional and
mental health after esophagectomy to the relief of surviv-
ing cancer, and perhaps the surgery, which can represent a
‘near-death experience.” Considering the high levels of
depression associated with the perceived risk of cancer
among patients under surveillance and the fear of cancer
recurrence after endoscopic treatment, it might be argued
that surgery is associated with a reduced perceived risk/fear
of cancer, and that this results in better psychological
functioning in the post-surgical patients [4, 20, 21, 23, 25].
However, it can also be argued that prior to surgery
patients had adapted to a very poor quality of life and
hence recalibrated and reconceptualized their quality of life
through a reprioritization of their personal values, a con-
cept also referred to as ‘response shift’ [26-30].

Previous studies applying the EORTC QLQ-C30 to
assess HRQoL after esophagectomy have demonstrated
reduced quality of life in the short term and varied results
in the long term. Changes in quality of life are a result of
reduced functioning and increased symptoms as well as
complications associated with the physiological and

@ Springer
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Table 3 Correlations and absolute agreements between three health
state utility measures

Instrument EQ-5D-5L SF-6D QLU-C10D
EQ-5D-5L 1 0.694 0.869
SF-6D 0.803 1 0.751
QLU-C10D 0.843 0.813 1

Spearman’s correlation coefficients reported in the bottom left, and
the intraclass correlation coefficients reported in the top right. All
correlations were statistically significant (P < 0.01)
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anatomical changes in the alimentary tract following sur-
gery. Global quality of life has been observed to decline in
the first 6 months after surgery [31, 32] with a nadir at
2 months [33] or 3 months [34, 35]. Mixed results are
reported 1 year after esophagectomy. Some studies show a
significant reduction in global quality of life [36, 37], while

other studies demonstrated quality of life in the absence of
comorbidity that is comparable to baseline or that of the
general population [38, 39], although worse outcomes on
some functional (physical, role functioning, and social
functioning) and symptom scales (fatigue, dyspnoea, diar-
rhea, constipation) may still exist [31, 34, 40]. Quality-of-
life improvement with minimal functional and symptom
detriments was also observed among patients who survived
at least 21 months after surgery [41]. Studies undertaken
three or more years after esophagectomy reveal restoration
of quality of life that is comparable to the general popu-
lation [42, 43]. The global quality of life score observed in
our study is comparable to studies undertaken in similar
patients (receiving neoadjuvant treatment followed by
surgery) at least 1 year post-surgery (average time after
surgery in our study population was 25 months with
median of 16 months).

This study also investigated the comparability of three
instruments for eliciting health state utilities from patients
with various stages of BE (Table 2). It is also one of the
first to apply the newly developed QLU-C10D in this
population. The magnitude of utilities differed depending
on which instrument was used. In this sample, the mean
utility was the highest for the EQ-5D-5L, followed by
QLU-C10D, and the lowest for the SF-6D, with a mean
difference of 0.23 between the EQ-5D and the SF-6D.
There were high correlations among all three instruments,
while for the absolute agreement, strong agreements were
found between EQ-5D-5L and QLU-C10D (ICC = 0.87),
and between SF-6D and QLU-C10D (ICC = 0.75). This
strong correlation and absolute agreement between the
newly developed EORTC QLU-C10D measure and the
other two widely used preference-based quality of life
instruments support the validity of this new disease-specific
health state utility instrument. This result also suggests that
the new QLU-C10D instrument might potentially be used
in other populations, although further evidence is required
before a solid conclusion can be made. The Bland—Altman
plots between QLU-C10D and EQ-5D-5L/SF-6D also
indicated a high level of correlation/agreement, although
the limits of agreement of each pair of instruments in the
comparisons were wide (0.534 and 0.697, respectively) and
likely to exceed the minimum clinically important differ-
ence for the health state utility instrument [44]; and for this
reason, the instruments should not be used interchangeably.
The findings from our study help to provide validity to
apply these health state utility measures for completing
future cost-utility analyses in this population. Although
comparisons of previous international studies have been
provided above, it is not possible to directly compare the
utilities reported in this study to the previous literature in
Australia since this is the first Australian study that has
been conducted.
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This study is not without limitations. A key limitation is
the relatively low response rate and small sample size. In
particular, we were not able to investigate the long-term
utilities for cancer survivors, or to explore the impact of
different cancer stages, or the time post-treatment and post-
surgery on quality of life. Although on average cancer
patients after treatment had a similar quality of life to those
under surveillance for BE, there could be a chance that
those with more advanced cancer (i.e., in stage III or IV)
will have a permanent lower quality of life. A larger
sample size would facilitate investigation of independent
effects of the above factors using a regression analysis.
Future studies involving larger sample sizes for BE and
esophageal adenocarcinoma in Australia and internation-
ally are needed to underpin longitudinal assessment of
quality of life over time and to facilitate health economic
studies which seek to evaluate quality-adjusted life year
outcomes. There could also be a potential selection bias in
the participants’ recruitment; however, since this was an
anonymous survey we were not able to compare charac-
teristics between those who participated in the survey vs
those who opted not to participate.

Conclusion

HRQoL for patients under surveillance for BE and fol-
lowing surgical treatment of cancer was similar. However,
esophagectomy was associated with better post-treatment
psychological functioning. This might be due to a reduction
in the perceived risk of cancer following surgery. A strong
correlation and absolute agreement was observed between
the newly developed EORTC QLU-C10D and two widely
used preference-based quality of life instruments, provid-
ing evidence to support the validity of this new disease-
specific health state utility instrument.
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