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Abstract
Aim: This study assessed the responsiveness and convergent validity of two preference-based measures; the
newly developed cancer-speci�c EORTC Quality of Life Utility Measure-Core 10 dimensions (QLU-C10D) relative to
the generic three-level version of the EuroQol 5 dimensions (EQ-5D-3L) in evaluating short-term quality-of-life
outcomes/utilities after esophagectomy.

Methods: Participants were enrolled in a multicentre 2×2 factorial randomised controlled trial to determine the
impact of preoperative and postoperative immunonutrition versus standard nutrition in patients with esophageal
cancer. Quality-of-life was assessed seven days before and 42 days after esophagectomy. Standardized
Response Mean and Effect Size were calculated to assess responsiveness. Ceiling effects for each dimension
were calculated as the proportion of the best level responses for that dimension. Convergent validity was
assessed using Spearman’s correlation and the level of agreement was explored using Bland–Altman plots.
Regression analysis was performed to identify which demographic and clinical factors in�uenced quality of life.

Results: Respondents were 164, predominantly male (81%) with mean age of 63 years. Quality-of-life signi�cantly
reduced on both measures with large effect sizes (>80), and greater mean difference on QLU-C10D. Ceiling effects
were observed with social activities (86%), mobility (67%), anxiety (55%) and pain (19%) dimensions on EQ-5D-3L.
For QLU-C10D ceiling effects were observed with emotional function (53%), physical function (16%), nausea
(35%), sleep (31%), bowel problems (21%) and pain (20%). A strong correlation (r=0.71) was observed between
EQ-5D-3L anxiety and QLU-C10D emotional function dimensions. Good agreement (3.7% observations outside the
limits of agreement) was observed between the utility scores. Blood loss and blood transfusion predicted EQ-5D-
3L utility while smoking and tumour length >3cm were predictive of QLU-C10D utility. Changes in QLQ-C30
dimensions of emotional function, role function and pain were predictive of changes in EQ-5D-3L utility while
changes in physical, social and role function as well as all the symptom scales were predictive of change in QLU-
C10D utility.

Conclusion: Although there is strong agreement between utility scores, QLU-C10D was more sensitive to short-
term utility changes following esophagectomy. Cognisant of requirements by policy makers to apply generic utility
measures in cost effectiveness studies, disease-speci�c measures should be used alongside the generic
measures.

 

Trial registration

The trial was registered with the Australian New Zealand Clinical Trial Registry (ACTRN12611000178943) on the
15th February 2011.

1. Introduction
A plethora of instruments exist for the assessment of quality-of-life outcomes, including both generic and
condition speci�c measures. As the name suggests, condition speci�c measures are designed with domains
speci�c to a particular condition or disease and therefore used in assessing quality of life outcomes in that
population. Generic measures on the other hand are not restricted to a particular disease or condition or
population. Quality of life instruments can be further disaggregated into preference based and non-preference-
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based instruments. Preference-based instruments also called multi-attribute utility instruments (MAUIs), combine
a description of health and/or quality of life states and a scoring algorithm of the general population’s “weighted”
valuation of these states (based upon an aggregation of individuals’ preferences for one state over another) [1, 2].
Preference-based instruments facilitate the calculation of quality adjusted life years (QALYs), and are therefore
suitable for application in cost utility analysis (CUA), the most prevalent form of economic evaluation. Non-
preference-based instruments on the other hand, may be applied in other types of economic evaluation including
cost effectiveness analysis (CEA) where the calculation of QALYs is not required.

Decision making bodies including the National Institute for Health and Care Excellence (NICE) in the United
Kingdom, the Pharmaceutical Bene�ts Advisory Committee (PBAC) and Medical Services Advisory Committee
(MSAC) in Australia, require the use of generic MAUIs such as EuroQol 5 dimensions (EQ-5D-3L) in submissions of
economic evaluations of cost effectiveness evidence when assessing applications of drugs or new health care
technologies to be funded by their national governments [3, 4]. However, it has been argued that generic measures
are not as sensitive to changes in quality of life in certain diseases as the condition speci�c measures and may
not adequately re�ect quality of life detriments or gains in these conditions which would ultimately affect any
QALY estimations undertaken [5, 6]. This has led to the development of many condition speci�c MAUIs such as
European Organization for Research and Treatment of Cancer Eight dimensions (EORTC-8D) and EORTC Quality
of Life Utility Measure-Core 10 dimensions (QLU-C10D), which are both derived from the non-preference-based
EORTC Quality of Life Questionnaire Core 30 item (EORTC QLQ-C30) [7, 8]. Although mapping algorithms exist to
estimate the relationship between the disease-speci�c non-preference-based QLQ-C30 with several generic MAUIs
and to ultimately generate QALYs, not many studies have compared its preference-based derivatives EORTC-8D
and QLU-C10D to the generic measures [9, 10]. In their study comparing the generic EQ-5D-3L and disease speci�c
EORTC-8D, Lorgelly et al [5] found that although both measures had similar discriminatory power, the generic
QALYs were signi�cantly lower than the disease-speci�c QALYs.

By far there has been a lack of longitudinal evidence on the comparisons of psychometric properties between the
newly developed QLU-C10D and EQ-5D. The purpose of the data analysis reported in this paper was to contribute
to this literature by assessing the responsiveness and convergent validity of the newly developed cancer speci�c
QLU-C10D relative to the generic EQ-5D-3L in the context of short-term quality of life/utilities after esophagectomy
for esophageal cancer.

2. Methods

2.1 Sample
This analysis was undertaken from a pooled sample of patients participating in a randomised control trial whose
details are reported elsewhere [12]. Brie�y, patients were randomised into four groups to receive an
immunonutrition supplement or standard nutrition without added immunonutrients; 1) before but not after; 2)
after but not before; 3) both before and after; and 4) none before or after esophagectomy. Quality of life was
assessed seven days before and 42 days after esophagectomy. There were no signi�cant differences in quality of
life and clinical outcomes between the groups before and after esophagectomy. In this paper data was analysed
as a pooled sample including all patients with both baseline (pre-operative) and follow-up (post-operative) quality
of life scores on all instruments.
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2.2 Quality Of Life Assessment
Quality of life was assessed using the self-administered and widely validated generic utility-based three level
version of the EQ-5D-3L [13] and the cancer speci�c EORTC-QLQ-C30 [14] with the esophageal cancer add-on QLQ-
OES18 [15]. The EQ-5D-3L descriptive system comprises �ve dimensions: mobility, self-care, usual activities,
pain/discomfort and anxiety/depression with 3 levels for each dimension: no problems, some problems, and
extreme problems. The QLQ-C30 has one global HRQL scale, �ve functional scales (physical, role, emotional,
cognitive, social), three symptom scales (fatigue, nausea or vomiting, pain) and six single items (sleeping
disorders, appetite loss, dyspnoea, diarrhoea, constipation and �nancial problems). Each item has four alternative
responses (1- not at all; 2- a little; 3-quite a bit; 4-very much). Responses to the QLQ-C30 were mapped onto the
cancer speci�c preference based QLU-C10D to generate utility scores using the algorithm developed by King et al
[7] for this purpose. QLU-C10D has four functional scales and six symptom scales obtained from 13 out of the 30
items of QLQ-C30. The functional scales include physical function, role function, social function and emotional
functioning; the symptom scales include pain, fatigue, sleep, appetite, nausea and bowel problems. Being
preference based, the scores range from 0 to 1. The QLQ-OES18 has four symptom scales (dysphagia, eating
di�culties, re�ux and pain) and six single items (trouble swallowing saliva, choking, dry mouth, taste, cough and
speech); response alternatives are similar to those of the QLQ-C30.

2.3 Data Analysis
Data was analysed using Stata (StataCorp, College Station, TX, USA) [16]. Normally distributed data was analysed
with one-way analysis of variance (ANOVA), and Kruskal-Wallis H test was used for analysis of non-normally
distributed data. Regression analysis was performed in a stepwise manner. A p-value < 0.05 was considered
statistically signi�cant.

2.3.1 Mean difference
Utility scores for EQ-5D-3L and QLU-C10D were generated based on Australian general population scoring
algorithms pertaining to the instrument [7, 17]. Basic descriptive statistics including means, medians and ranges
were compared for each instrument at baseline and follow-up. The clinically important mean difference for EQ-5D-
3L when used in populations with cancer varies from 0.07–0.12 [18]. A change of > 10 with the EORTC-QLQ C30 is
considered clinically moderately relevant and > 20 as strongly relevant [19].

2.3.2 Responsiveness
To assess the ability of an instrument to detect changes in response to esophagectomy, or responsiveness, two
statistical tests were applied, the Standardized Response Mean (SRM) and Effect Size (SES) [20]. These tests
measure the change in index scores relative to the variation among the sample or the average change in scores
normalized by a measure of deviation. Effect size demonstrates to what extent an instrument measures changes
in quality of life relevant to a particular intervention or responsiveness. Internal responsiveness for each measure
was assessed as the SES = ratio of the mean change to the standard deviation of scores at baseline statistic and
the SRM = ratio of the mean change to the standard deviation of that change. Scores of < 0.20 = trivial effect,
0.20–0.50 = small effect, 0.50–0.80 = moderate effect, > 0.80 = large effect [21].

2.3.3 Ceiling effects
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Ceiling effect is a “measurement limitation that occurs when the highest possible score or close to the highest
score on a test or measurement instrument is reached, thereby decreasing the likelihood that the testing
instrument has accurately measured the intended domain” [22]. Ceiling effects are present ‘if more than 15–20 %
of respondents achieved the best possible score’ [23, 24]. Ceiling effect for EQ-5D-3L was calculated as the
proportion of ‘no problem’ responses on each dimension and the proportion of ‘no problem’ in all dimensions.
Similarly, for the QLU-C10D ceiling effect was calculated as the proportion of level 1(highest level) on each
dimension as well as on all dimensions. Ceiling effects were further explored by selecting those reporting full
health in one instrument to see what they report in the other instrument. Lower ceiling effects suggest greater
discriminant ability.

2.3.4 Convergent validity
Dimensions of the EQ-5D-3L provide a classi�cation mechanism as opposed to measuring those constructs per
se for example mobility is not a measure of physical function, however, studies assessing convergent validity of
EQ-5D-3L with other instruments have utilised correlations within dimensions [25, 26]. Convergent validity was
expected between dimensions measuring similar constructs on both measures such as mobility and physical
function, pain/discomfort and pain. Correlations were classi�ed as very weak (r = 0–0.2), weak (r = 0.2–0.4),
moderate (r = 0.4–0.7), strong (r = 0.7–0.9) or very strong (r = 0.9–1.0) [21].

The limits of agreement between the instruments were explored using Bland–Altman plots [27, 28]. Utilities were
power transformed to follow a normal distribution before plotting. Good agreement was demonstrated by less
than 5% of points being outside of the limits of agreement (LOA).

2.3.5 Predictors of quality of life
Regression analysis was performed to identify which demographic and clinical factors (Table 1) in�uenced post-
operative quality of life. To understand the disease speci�c domains that in�uenced change in quality of life
between baseline and follow-up, a second regression analysis with the change in both functional and symptom
domains of QLQ-C30 and OES-18 as independent predictors was run.
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Table 1
Demographic and clinical characteristics

Characteristic Statistics

Demographic variables n Mean (sd) Median (IQR)

Age 164 62.9 (7.9) 63.6 (58.4, 67.9)

Male Gender (n/%) 133 (81)

Alcohol (n/%) 106 (66)

Smoking (n/%) 22 (13)

Clinical variables n Mean (sd) Median (IQR)

Hospital length of stay (days) 164 17 (15) 13 (11, 18)

ICU length of stay (days) 164 4 (4) 3 (1, 5)

Blood loss 163 268.1 (256.1) 200 (0, 400)

Blood transfusion (units) 164 0.3 (2.0) 0 (0,0)

Tumour length (cm) 114 3.9 (2.7) 3.3 (2, 5.5)

Total pack years 164 16 (18) 15 (0, 29)

Hospital length of stay > 10 days (n/%) 133 (81)

Tumour length > 3cm (n/%) 58 (51)

Co-morbidities (n/%)

Hypertension 62 (36)

Diabetes 21 (13)

Respiratory 33 (20)

Cardiac 27 (17)

Treatment (n/%)

Preoperative Radiotherapy 67 (41)

Preoperative Chemotherapy 129 (79)

ASA score (n/%)

1 or 2 111 (68.1)

3 52 (31.9)

Pathological T staging (n/%)

0/1/1a/1b/Tis 72 (44)

2/3 92 (56)

ICU = Intensive care unit; IQR = Interquartile range; SD = Standard deviation.
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Characteristic Statistics

TNM staging (n/%)

0/IA/IB 75 (46)

II/IIB/IIIA/IIIB 82 (50)

IIIC/4 7 (4)

Procedure type (n/%)

Open chest and abdominal approach 76 (46)

Hybrid (thoracoscopic) 88 (54)

ICU = Intensive care unit; IQR = Interquartile range; SD = Standard deviation.

3. Results

3.1 Demographics
164 of the original cohort of 276 patients had complete before vs after surgery quality of life data available for
analysis in this study. Table 1 summarises the demographic characteristics of the study sample. Participants
were predominantly male (81%), mean age was 63 years, with a history of alcohol consumption (66%). The
commonest surgical technique (54%) was a hybrid esophagectomy entailing and open abdominal phase,
thoracoscopic chest phase and anastomosis in the left neck. Most patients had preoperative chemotherapy
(79%), and length of the hospital stay was more than 10 days (81%) for most patients. There were no signi�cant
differences in demographic characteristics between patients included in this analysis and those excluded on all
variables except for two variables. More patients in the excluded group had TNM stage IIIc/4 (14% compared to
4%) and underwent hybrid (thoracoscopic) esophagectomy (66% compared to 54% in those with complete data) –
see Additional �le table A1. However, these differences did not translate into differences in quality-of-life
outcomes, see Additional �le table A2.

3.2 Quality Of Life Mean Difference And Effect Size
Quality of life reduced between baseline (7 days before) and follow-up (42 days) after esophagectomy on all
measures, 0.85 to 0.69 on EQ-5D-3L, 0.81 to 0.52 with QLU-C10D, and 84.3 to 62.5 with QLQ-C30 and these
changes were statistically signi�cant (Table 2). The mean score differences for EQ-5D-3L and QLQ-C30 were
within the range of their respective minimum clinically important differences at 0.16 and 21.6 respectively.

The mean difference for QLU-C10D was 0.29 but the minimum clinically important difference for this measure
has not yet been established. Large effects were detected for all measures using both SES and SRM (> 80). QLU-
C10D was more responsive with the largest SES (1.53) and SRM (1.37).
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Table 2
Descriptive statistics including mean difference and effect size

  EQ-5D-3L QLU-C10D EORTC summary score

Pre-operative mean (sd) 0.85 (0.15) 0.81 (0.16) 84.3 (13.1)

Post-operative mean(sd) 0.69 (0.16) 0.52 (0.22) 62.5 (17.9)

Mean difference (95% CI) 0.16 (0.13, 0.19) 0.29 (0.26, 0.32) 21.6 (18.9, 24.4)

p-value1 0.000* 0.000* 0.000*

Standard Effect size2 1.08 1.53 1.38

Standard response mean3 0.84 1.37 1.22

1ttest difference in mean between baseline (7 days before esophagectomy) and follow-up (42 days after
esophagectomy); 2Cohen’s d effect size calculation

3Standard Response Measure (ratio of the mean change to the standard deviation of that change), < 0.20 = 
trivial effect, 0.20–0.50 = small effect, 0.50–0.80 = moderate effect, > 0.80 = large effect; *Statistically
signi�cant values at < 0.05

3.3 Ceiling Effects
Distribution of the scores within the sample was similar for both measures at baseline and follow-up. However, a
clustering of EQ-5D indices at the upper level with a gap between 1 and the lower levels was observed at baseline.
Following esophagectomy, ceiling effects (> 15%) on the EQ-5D-3L were observed with social activities (86%),
mobility (67%), anxiety (55%) and pain (19%) dimensions and with all dimensions at baseline (Fig. 1). Social
activities dimension showed the greatest ceiling effect at both baseline (99%) and follow-up (86%). Usual
activities and pain showed the greatest (> 50%) reduction in ceiling effects between baseline and follow-up.

For QLU-C10D ceiling effects were observed with emotional function (53%), physical function (16%), nausea
(35%), sleep (31%), bowel problems (21%) and pain (20%) following esophagectomy and all dimensions pre-
operatively (Fig. 2). Nausea (70%) and emotional function (53%) had the highest ceiling effects at baseline and
follow-up respectively. Role function and appetite showed the greatest (> 50%) reduction in ceiling effect between
baseline and follow-up.

At baseline 13 respondents reported full health on both measures, while 55 reported full health on EQ-5D-3L but
not QLU-C10D. Nine respondents reported full health on EQ-5D-3L but none reported full health on QLU-C10D at
follow-up. Table 3 summarises QLU-C10D responses for the respondents who reported full health on EQ-5D-3L but
not QLU-C10D at baseline (55) and at follow-up (9). Patients reporting full health with EQ-5D-3L still had problems
when the disease speci�c measure was used, particularly with social function (51%) and fatigue (67%) at baseline
and fatigue (78%) at follow-up where majority had less than the highest domain score.
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Table 3
Distribution of QLU-C10D responses for participants reporting full health on EQ-5D but not on QLU-C10D

Level Functional domains Symptoms

  Physical Role Social Emotional Pain Fatigue Sleep Appetite Nausea Bowel

Baseline n = 551

1(best) 69 80 36 80 87 25 65 73 84 65

2 29 18 51 20 13 67 35 24 16 33

3 2 2 9 0 0 7 0 4 0 0

4
(worst)

0 0 4 0 0 0 0 0 0 2

Follow-up n = 91

1(best) 44 56 67 89 78 0 56 33 56 67

2 33 33 22 11 22 78 22 22 22 33

3 22 11 11 0 0 11 22 22 22 0

4
(worst)

0 0 0 0 0 11 0 22 0 0

155 respondents reported full health on EQ-5D but not QLU-C10D at baseline and 9 respondents reported full
health on EQ-5D but not on QLU-C10D at follow-up

3.4 Convergent Validity
Results of the correlation between measures for both utility and dimensions scores are reported in Table 4. QLU-
C10D and EQ-5D-3L utility score were strongly correlated (r = 0.71). Correlation between the EQ-5D-3L utility score
and QLU-C10D functional domains were moderate (r > 0.4) but weak correlations (r < 0.4) were observed with the
symptom domains. At the dimension level, anxiety/depression was strongly correlated (r = 0.71) with emotional
function on the QLU-C10D while moderate correlations were observed for mobility and physical function (r = 0.6),
usual activities with role function (r = 0.68), social function (r = 0.54), and fatigue (r = 0.41) as well as
pain/discomfort with pain (r = 0.55). Very weak correlations were observed for pain/discomfort with role function
(r = 0.18), nausea (r = 0.17) and bowel problems (r = 0.2), mobility with pain (r = 0.19) and nausea (r = 0.18), as well
as usual activities with pain (r = 0.2) and personal care with fatigue (r = 0.18). Results of the correlation between
QLQ-C30 and EQ-5D-3L domains are presented in the appendix (Additional �le Table A1).
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Table 4
Correlation between QLU-C10D and EQ-5D domains at follow-up1

  EQ-5D
utility
score

Mobility Personal
care

Usual
activities

Pain/discomfort Anxiety/depression

QLU-C10D
utility score

0.7138 -0.4804 -0.2754 -0.5857 -0.2402 -0.4608

Function domains

Physical
function

-0.5532 0.6022 0.3468 0.4594   0.2783

Role function -0.6132 0.4161 0.2535 0.6758 0.1767 0.2668

Social
function

-0.5715 0.3075 0.2950 0.5387   0.3766

Emotional
function

-0.6009 0.2474   0.3995   0.7113

Symptom domains

Pain -0.3190 0.1886   0.1966 0.5517  

Fatigue -0.4716 0.3265 0.1755 0.4095   0.3155

Sleep -0.3385 0.2567 0.1926 0.2763   0.3241

Appetite -0.3470 0.2106   0.2769   0.3235

Nausea -0.3790 0.1829   0.2721 0.1746 0.3561

Bowel
problems

-0.2231       0.1990 0.2780

1Correlations between dimensions were explored using patient responses at follow-up (42 days after
esophagectomy). Only signi�cant correlations (at < 0.05) are reported. Correlations were classi�ed as very
weak (r = 0–0.2), weak (r = 0.2–0.4), moderate (r = 0.4–0.7), strong (r = 0.7–0.9) or very strong (r = 0.9–1.0).

The Bland Altman plot (Fig. 3) showed a small mean difference and good agreement between QLU-C10D and EQ-
5D-3L utility scores as only < 5% observations were outside the limits of agreement.

3.5 Factors In�uencing Quality Of Life
Tables 5 shows the factors in�uencing post-operative quality of life. After controlling for pre-operative quality of
life, reduction in EPA between day 1 and 7 was associated with high post-operative QoL on both measures, blood
loss and blood transfusion predicted post-operative EQ-5D-3L utility while smoking and tumour length > 3cm were
predictive of QLU-C10D utility.
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Table 5
Factors in�uencing post-operative utility score

Clinical predictor EQ-5D-3Lutility score QLU-C10D utility score

Coe�cient (SE) Beta Coe�cient (SE) Beta

QLU-C10D pre-op     0.472 (0.114)** 0.360

Smoking     -0.128 (0.057)* -0.198

Tumour length > 3cm     0.102 (0.039)** 0.236

Blood loss of 1 or more units -0.062 (0.031)* -0.179    

Blood transfusion -0.017 (0.006)** -0.267    

Change in Bloods Dminus EPA (day 1 – day 7) -0.015 (0.006)* -0.223 -0.022 (0.009)* -0.225

Constant 0.760 (0.028)   0.145 (0.099)  

N 110   110  

R-squared 0.169   0.251  

Stepwise regression results reported. Standard errors in parentheses, *p < 0.05, **p < 0.01

Table 6 shows the dimensions of QLQ-C30 and OES-18 that are predictive of the change in quality of life/utility.
Changes in QLQ-C30 functional domains were the strongest (highest beta) predictors of change in utility scores
for both measures.
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Table 6
Function and symptom domains predicting change in quality of life

Domain Change in EQ-5D-3L utility Change in QLU-C10D utility

Coe�cient (SE) Beta Coe�cient (SE) Beta

Change in QLQ-C30 functional scores@

Physical function     0.003 (0.0004)** 0.273

Emotional function 0.002 (0.0005)** 0.261    

Social function     0.001 (0.0003)** 0.202

Role function 0.002 (0.0004)** 0.293 0.001 (0.0003)* 0.090

Cognitive function        

Change in QLQ-C30 symptom scores#

Nausea and vomiting     -0.002 (0.0002)** -0.217

Pain -0.002 (0.0004)** -0.296 -0.002 (0.0002)** -0.242

Appetite loss     -0.001 (0.0002)** -0.17

Diarrhoea     -0.001 (0.0002)** -0.078

Insomnia     -0.001 (0.0002)** -0.13

Fatigue     -0.001 (0.0003)* -0.087

Change in OES-18 symptoms scores#

OES Swallowing saliva 0.001 (0.0004)* 0.155    

Constant 0.044 (0.018)   0.017 (0.011)  

N 155   155  

R-squared 0.4158   0.8898  

Stepwise regression results reported. Standard errors in parentheses, *p < 0.05, **p < 0.01; @A higher score
indicates better QoL. #A higher score indicates worse QoL

Changes in QLQ-C30 dimensions of emotional function (β = 0.26), role function (β = 0.29) and pain (β=-0.296)
were predictive of changes in EQ-5D-3L utility while changes in physical (β = 0.27), social (β = 0.2) and role
function (0.09) as well as all the symptom scales were predictive of change in QLU-C10D utility. The strongest
predictors were pain for EQ-5D-3L and physical function for QLU-C10D.

4. Discussion
The clinical trial [12] underpinning the current study compared a homogenous group of patients with esophageal
cancer (Table 1) who underwent surgical resection and received different regimens of nutritional support. As the
outcomes from the trial showed no differences in clinical and quality of life outcomes between the different
nutritional support regimens the data was analysed as a pooled sample in this current paper. This analysis
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assessed the responsiveness and convergent validity of the cancer speci�c QLU-C10D and generic EQ-5D-3L for
measurement of short-term quality of life outcomes following esophagectomy.

As expected, both measures showed statistically signi�cant reductions in scores following surgery (Table 2). The
mean score difference for the EQ-5D-3L was clinically signi�cant at 0.16 [18]. The mean score difference for the
QLQ-C30 was strongly relevant clinically at 21.6 [19]. As the QLU-C10D is a relatively new instrument, there has
been no minimally important difference reported in the literature as yet. On comparing the EQ-5D and QLU-C10D,
the EQ-5D mean utility score was greater than QLU-C10D by 0.04 at baseline and 0.17 at follow-up. The small
difference at baseline but not at follow-up suggests a high degree of convergence for mild health states but not
for severe states such as after esophagectomy, where limitations of a generic measure become apparent, and a
more sensitive disease speci�c measure is preferred.

All instruments reported a large effect size with QLU-C10D and EORTC QLQ-C30 being larger than the EQ-5D-3L.
Most studies with EQ-5D-3L have reported low to moderate effect size [29]. However, studies with large expected
changes in health status such as after surgery have reported large effect size [30–32]. Although both EQ-5D-3L
and QLU-C10D are on the 0–1 scale, a much larger effect size was observed with QLU-C10D. This observation is
similar to other studies comparing disease speci�c and generic measures where disease speci�c measures have
much larger effect sizes or show greater responsiveness [33]. This is because the disease speci�c measures,
unlike the generic, assess domains of quality of life that are of greatest importance to the particular condition.

For both EQ-5D-3L and QLU-C10D, ceiling effects were observed for all dimensions at both pre- and post-operative,
with higher ceiling effects observed with EQ-5D-3L (Figs. 2 and 3). The highest ceiling effect for EQ-5D-3L was
with social care at both timepoints and the highest for QLU-C10D was nausea symptoms pre-operative and
emotional function after esophagectomy. Ceiling effects of the EQ-5D-3L have been reported in several patient
populations but the levels observed here were higher than reported in other studies among similar populations [34,
35]. In addition, the proportion reporting the best score for all dimensions (or full health) was much lower with the
QLU-C10D at both timepoints. Yet patients reporting full health with EQ-5D-3L still reported problems when the
disease-speci�c measure was used, particularly with social function and fatigue at pre-operative and fatigue at
after esophagectomy (Table 4). This is similar to �ndings by Lorgelly et al [5] who showed that EQ-5D-3L was less
sensitive to fatigue impairment when compared to the disease speci�c EORTC-8D. Although EQ-5D-3L had a large
effect size and demonstrated a clinically meaningful change in utility scores, the high ceiling effects suggest low
discriminant ability. This means that the EQ-5D-3L is not as capable of identifying all or most of the change in
quality of life and distinguishing health states in this population. To address such ceiling effects experienced with
EQ-5D-3L, a 5-level version of the instrument, EQ-5D-5L has been developed [36], however, no studies are available
comparing it to the QLU-C10D yet.

Strong correlations were observed between QLU-C10D and EQ-5D-3L utility scores. In addition, the EQ-5D utility
score was moderately corelated with all functional domains but weakly correlated with the symptom domains of
the QLU-C10D. It’s important to note that domains that assessed similar constructs such as emotional function on
the QLU-C10D and anxiety/depression on the EQ-5D showed a strong correlation or moderate correlation such as
physical function with mobility, role function, social function and fatigue with usual activities, as well as pain with
pain/discomfort. The Bland-Altman plot showed a small mean difference and good agreement between the
measures.
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Factors In�uencing Change In Quality Of Life
It is important to establish whether certain risk factors or particular groups of patients are vulnerable to a poorer
outcome. We investigated this through examining the overall postoperative utility using EQ-5D-3L and QLU-C10D
to see which was more sensitive to differentiating between the risk factors. It was important to choose
postoperative QoL as the outcome (versus change in QoL) because a change in QoL could over or underestimate
the QoL depending on the pre-operative score. This is especially true in an acute setting, where patients experience
a large drop in quality of life, but the postoperative score can be used independently to score the impact of the
disease state. Smoking was a strong predictor of poor QLU-C10D utility. It is likely that current smoking status is a
stronger predictor of poor post-operative QoL than overall history of smoking, which has been seen previously in
the literature [37]. In addition, tumour length was seen to be predictive of QoL, but surprisingly as a positive
correlation. Approximately 51% of the patients in our sample had tumours that were larger than 3 cm, it is possible
that this result is due to confounders. Larger tumours often require larger radiotherapy �elds during the
neoadjuvant treatment phase, and a larger tumour can require more extensive dissection, potentially increasing
the risk of early postoperative complications that would be expected to adversely impact QoL outcomes. In
general, however, previously published literature suggests that tumour length is not associated with worsening
QoL scores [38]. Blood loss and blood transfusion requirement were weakly correlated with EQ-5D-3L utility, and
this is likely because transfusion requirements are indicators of more di�cult procedures, which might increase
complication risk and adversely impact early quality of life outcomes. However, transfusion was not correlated
with QLU-C10D utility, suggesting that EQ-5D-3L might be a better instrument for investigating generic changes in
QoL rather than those speci�c to disease.

A small change in the functional scores was predictive of higher follow-up quality of life. For the symptom scores,
a large change in scores was predictive of greater change in utility between baseline and follow-up. Changes in
symptom scores were stronger predictors of change in quality of life than changes in functional scores. This
implies that in assessing short-term quality of life following esophagectomy, an instrument that is more sensitive
to changes in symptoms is preferred, in this case the QLU-C10D is preferred to the EQ-5D-3L.

5. Conclusion
The �ndings from this study suggest that generic utility instruments such as the EQ-5D-3L may not be su�cient in
isolation when assessing short-term quality of life following esophagectomy and should be combined with a
condition speci�c measure. Cognisant of requirements by policy makers such as NICE in the UK and PBAC and
MSAC in Australia to apply generic utility instruments in cost effectiveness studies, we recommend the
application of a condition speci�c utility instrument alongside the generic instrument. In this way the sensitivity of
a cost-effectiveness assessment decision can be determined by taking into account utility estimates generated
from both a condition speci�c and a generic perspective.
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Figure 1

EQ-5D-3L ceiling effect at baseline and follow-up

Figure 2

QLU-C10D ceiling effects at baseline and follow-up
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Figure 3

Bland–Altman plot of QLU-C10D and EQ-5D-3L at follow-up
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