Journal Pre-proof

= yCEW £e

HOURRAL OF CLENICAL EPIHESBOLOGY

The EORTC QLU-C10D was more efficient in detecting clinical known
group differences in myelodysplastic syndromes than the EQ-5D-3L

Eva M Gamper PhD , Francesco Cottone PhD ,

Kathrin Sommer PhD , Richard Norman PhD ,

Madeleine King PhD , Massimo Breccia MD ,

Giovanni Caocci MD , Andrea Patriarca MD ,

Giuseppe A. Palumbo MD , Reinhard Stauder MD ,

Pasquale Niscola MD , Uwe Platzbecker MD , Jo Caers MD ,
Marco Vignetti MD , Fabio Efficace PhD

PII: S0895-4356(21)00088-3

DOI: https://doi.org/10.1016/j.jclinepi.2021.03.015
Reference: JCE 10457

To appear in: Journal of Clinical Epidemiology

Accepted date: 15 March 2021

Please cite this article as: Eva M Gamper PhD, Francesco Cottone PhD , Kathrin Sommer PhD ,
Richard Norman PhD , Madeleine King PhD , Massimo Breccia MD , Giovanni Caocci MD ,
Andrea Patriarca MD , Giuseppe A. Palumbo MD , Reinhard Stauder MD , Pasquale Niscola MD ,
Uwe Platzbecker MD, Jo Caers MD, Marco VignettiMD, Fabio Efficace PhD, The EORTC
QLU-C10D was more efficient in detecting clinical known group differences in myelodys-
plastic syndromes than the EQ-5D-3L, Journal of Clinical Epidemiology (2021), doi:
https://doi.org/10.1016/j.jclinepi.2021.03.015

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

(©) 2021 Published by Elsevier Inc.


https://doi.org/10.1016/j.jclinepi.2021.03.015
https://doi.org/10.1016/j.jclinepi.2021.03.015

Journal Pre-proof

The EORTC QLU-C10D was more efficient in detecting clinical known group differences in myelodysplastic
syndromes than the EQ-5D-3L

MIT: The EORTC QLU-C10D is more efficient in detecting clinical known group
differences in myelodysplastic syndromes than the EQ-5D-3L

Eva M Gamper?, PhD, Francesco Cottone?, PhD, Kathrin Sommer?, PhD, Richard Norman®,
PhD, Madeleine King*, PhD, Massimo Breccia®, MD, Giovanni Caocci®, MD, Andrea
Patriarca’, MD, Giuseppe A. Palumbo®, MD, Reinhard Stauder®, MD, Pasquale Niscola'’,

MD, Uwe Platzbecker'!, MD, Jo Caers'?, MD, Marco Vignetti‘, MD, Fabio Efficace?, PhD
Affiliations:

" Innsbruck Institute of Patient-centered Outcome Research (IIPCOR), Innsbruck, Austria

?Italian Group for Adult Hematologic Diseases (GIMEMA), Data Center & Health Outcomes
Research Unit, Rome, Italy

¥School of Public Health, Curtin University, Perth, Australia
*University of Sydney, School of Psychology, Sydney, NSW 2006, Australia

*Division of Hematology, Department of Cellular Biotechnologies and Hematology, Sapienza
University, Rome, Italy.

®Department of Medical Sciences and Public Health, University of Cagliari, Cagliari, Italy.

"Division of Hematology, Department of Translational Medicine, University of Eastern Piedmont,
Novara, Italy.

®Dipartimento di Scienze Mediche, Chirurgiche e Tecnologie Avanzate "G.F. Ingrassia”, University
of Catania, Catania, Italy

Department of Internal Medicine V (Hematology and Oncology), Innsbruck Medical University,
Innsbruck, Austria.

"Hematology Unit, Sant'Eugenio Hospital, Rome, Italy

"Clinic and Policlinic of Hematology and Cellular Therapy, Hemostaseology, University Hospital
Leipzig, Leipzig, Germany

“Department of Hematology, CHU de Liége, University of Liege, Liege, Belgium.

Corresponding author:

Eva M Gamper, PhD

Innsbruck Institute of Patient-centered Outcome Research (IIPCOR),
Innsbruck, Austria

Phone: +43 650 7413760; E-mail: eva.gamper@iipcor.org




Journal Pre-proof

Abstract

Background: The aim was to investigate the relative validity of the preference-based
measure EORTC QLU-C10D in comparison with the EQ-5D-3L in myelodysplastic
syndromes (MDS) patients.

Methods: We used data from an international multicentre, observational cohort study of
MDS patients. Baseline EORTC QLU-C10D and EQ-5D-3L scores were used and index
scores calculated for Italy, Australia, and the UK. Criterion validity was established by
Spearman and intraclass correlations (ICC) and Bland-Altman plots. Construct validity was
established by the instruments’ ability to discriminate known groups, i.e. groups whose
health status is expected to differ.

Results: We analysed data from 619 MDS patients (61.1% male; median age 73.8 years).
Correlations between theoretically corresponding domains were largely higher than between
unrelated domains. ICCs and Bland-Altman plots indicated moderate to good criterion
validity. Ceiling effects were lower for the QLU-C10D (4.7%) than for the EQ-5D-3L
(22.6%). The EQ-5D-3L failed to discriminate known-groups in two and the QLU-C10D in
one of the comparisons; the QLU-C10D’s efficiency in doing so was higher in clinical
known-groups. Results were comparable between the countries.

Conclusions: The QLU-C10D may be suitable to generate health utilities for economic
research in MDS. Responsiveness and minimal important differences need yet to be
established.

Keywords: EORTC QLU-C10D, EORTC QLQ-C30, EQ-5D, validity, sensitivity, cancer-
specific preference-based measure

Key points

-This is one of the first studies to investigate the sensitivity of the novel cancer-specific

preference-based measures QLU-C10D in a clinical setting

- Our results show that cancer-specific health state utility values in a myelodysplastic

syndrome population may be determined using the QLU-C10D
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- In general, our results inform the ongoing discussion on the arguable advantage of disease-

specific over generic preference-based measures

1. Introduction

Myelodysplastic syndrome (MDS) is the umbrella term for are a heterogenous group of
haematological neoplasms associated with a high risk of progression to acute myeloid
leukaemia (AML) [1]. Age-adjusted incidence rates range between 3.2 and 4.9 [2-5] and
increase to 20 per 100.000 in patients aged over 70 [2], clearly making it a disease of the
elderly. MDS is highly variable with progression to AML and survival times between a few
weeks to several years [6]. Two well-validated disease risk classifications are typically used
at diagnostic work up, that is the International Prognostic Scoring System (IPSS) [6] and its
more recent revised version, i.e., the IPSS-R [7], that now represents the gold standard in
MDS risk classification. These two indices broadly ailow to identify lower vs higher risk

disease patients and to adopt risk-adapted strategies.

Currently, the only potentially curative approach is stem cell marrow transplantation [8], for
which a small percentage of patients is eligible. Other treatments, such as hypomethylating
agents or chemotherapy [1, 9] predominantly target increasing time to progression and
transfusion dependency as well as symptom relief and health-related quality of life (HRQL).

In MDS research the EQ-5D-3L [10] and the EORTC QLQ-C30 [11] are the most
frequently used HRQL outcome measures [12]. The EQ-5D-3L is a preference-based
measure and comprises five generic health/HRQL domains, each consisting of one question
that is answered by the patient on a 3-level response scale. Hence, it is able to describe

3° =243 unique health states. A preference-based scoring algorithm allows health states to
be valued on a scale between 0 and 1 (where O represents being dead and 1 full health). The
obtained health state utility values (HSUVSs) can be used for the calculation of quality-
adjusted life-years (QALYSs), which is a core outcome in the economic evaluation of health
interventions [13]. Being generic, the EQ-5D-3L is applied across different health
conditions and facilitates comparisons between them, which is often required for rational

decision making with regard to resource allocation in the health sector [14, 15]. Its
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measurement properties, however, vary across conditions. Points of critique include lacking
sensitivity in health states with low morbidity [16, 17], inappropriate scale coverage [18-
21], and its potential insensitivity to health issues in certain populations of interest due to
the limited number and the type of dimensions [22]. A newer version, the EQ-5D-5L [23],
overcomes some of the shortcomings of the EQ-5D-3L by using five response levels instead
of three [20, 24, 25], but the number of response categories alone does not appear to be
decisive [22, 26].Additional approaches have been and are being developed and
investigated, such as the SF-6-Dimensions, a generic utility measure based on the SF-36
[27] or the generic PROMIS-Preference score [28]. There is an ongoing debate on the
potential added value of disease-specific PBMs which might be able to overcome many of

these weaknesses [22].

In contrast to the EQ-5D-3L, the EORTC QLQ-C30 is a HRQL profile measure, not
originally designed to provide HSUVs. Its 30 items form 15 scales and cover a broad range
of HRQL issues in cancer patients. It can be applied as a research tool as well as for
symptom assessment in clinical care. Recently, a preference-based scoring algorithm for the
QLQ-C30, the EORTC Quiality of Life Utility Core 10 Dimensions (QLU-C10D), has been
developed [29, 30]. The QLU-C10D can be used as a cancer-specific preference-based
measure as a research tool in health economic research and evaluation. It facilitates
calculating utilities from QLQ-C30 data using 13 of its items, which form 10 HRQL
domains. With four severity levels per domain, it is able to describe 4'°= 1048576 unique
health states and therefore may be sensitive to relevant health differences in cancer in

general and in MDS in specific.

Generally, it is known that HSUVs differ across instruments [18, 31], but psychometric
evidence on the performance of disease-specific utility measures in comparison to generic
measures is limited [17]. Disease-specific utility measures are suitable in health technology
assessments when a generic preference-based measure is not appropriate or when it shows
inferior psychometric performance in a certain condition or patient group [17]. Information
from a disease-specific preference-based measure can be useful to improve economic
models, e.g. by including them in sensitivity analyses to investigate the potential impact on

cost-effectiveness [17, 32].
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Because the QLU-C10D is a relatively new measure, this is the first investigation into its
psychometric properties. We aimed to examine it in direct comparison to the EQ-5D-3L,
using the latter as a preference-based criterion measure with regard to floor and ceiling
effects, clinical validity, and relative efficiency in MDS patients. These results will provide
first indications whether HSUVs obtained from the QLU-C10D are suitable for use in

economic evaluations.

2. Patients and Methods
2.1.Sample/study population and study design

We used baseline data from the PROMYSS study, a multicentre, prospective, observational
study of adult newly diagnosed MDS patients at 53 centres across 11 countries. Overall, 927
patients were enrolled between 2008 and 2018 and baseline characteristics of the population
have been previously published [33]. Enrolment of patients is completed but follow-up of
the study is ongoing. The study was initially open to only higher-risk MDS patients and
main results on the first cohort of these patients were previously published [34]. The
following patient-reported outcome (PRQO) measures were included in the study : EORTC
QLQ-C30 [35], the FACIT-Fatigue [36], and the Control Preference Scale [37]. In 2014, the
study was amended to also consider lower-risk MDS and, amongst other protocol changes,
the EQ-5D-3L [10] was also included as an additional PRO measure. Patients had to be
diagnosed within 3 months before registration and full details on patient population can be
found at ClinicalTrials.gov (NCT00809575). Ethical approval was obtained by the ethical
committee of each participating center. Informed consent was received from all participants

and the study was performed in accordance with the Helsinki declaration.

2.2.HRQL/PRO measurement
EQ-5D-3L

The EQ-5D-3L descriptive system, which is used to calculate the utility index score,
comprises five dimensions: mobility, self-care, usual activities, pain/discomfort,
anxiety/depression. Each dimension has three levels indicating “no problems” (level 1),

“some problems” (level 2), or “extreme problems” (level 3) [10]. We used the Italian
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population tariff for utility calculation [38]. The measurement ranges are as follows: for the
Italian version -0.38 to 1.00, for the Australian version -0.217 to 1.00, and for the UK
version -0.594 to 1.00. The health state descriptions can be seen in Table Al in the
Appendix.

EORTC QLU-C10D

The EORTC QLU-C10D was derived from the EORTC QLQ-C30 in order to facilitate the
calculation of cancer-specific utilities for use in cost-effectiveness analyses. Hence, QLQ-
C30 data can be used retrospectively to calculate QLU-C10D utilities. The 13 items selected
from the parent instrument form the 10 domains: physical functioning, role functioning,
social functioning, emotional functioning, pain, fatigue, nausea, sleep disturbances, bowel
problems. Each dimension is described on four severity levels (level 1 = “not at all”, level
2="a little”, level 3="quite a bit”, level 4="very much”). We used the Italian population
tariff for utility calculation [39]. The measurement range for the Italian version of the QLU-
C10D is 0.025-1.00, for the Australian version -0.096-1.00 and for the UK version -0.083-
1.00. The health state descriptions can be seen in Table A2 in the Appendix.

2.3.Statistical methods

Current analysis was based on 619 patients who completed both the EQ-5D-3L and the
EORTC QLQ-C30 questionnaire. Sociodemographic characteristics and score distributions
were described by proportions, means and standard deviations, median and interquartile
ranges, depending on the type of variable. Ceiling and floor effects were assessed by domain

and by instrument and were considered relevant when exceeding 15% [40].

Criterion validity was established by different measures of correlations and agreement
between the QLU-C10D and the criterion measure EQ-5D-3L. Spearman correlation
coefficients were used to evaluate the association between domain and index scores.

Correlation coefficients ranging between 0.30-0.49 indicate weak correlations, coefficients
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ranging between 0.50-0.69 moderate correlations and correlation coefficients >0.70 indicate
strong correlations [41]. Given that both measures were designed to assess HRQL, we
expected an overall high level of agreement. Yet, since the QLU-C10D includes cancer-
specific aspects, some of the instruments’ domains were considered to be more closely
related than others. We expected higher correlations between theoretically corresponding
domains (QLU-C10D physical functioning and EQ-5D mobility, QLU-C10D role
functioning and social functioning and EQ-5D usual activities, QLU-C10D pain and EQ-5D
pain/discomfort, QLU-C10D emotional functioning and EQ-5D anxiety/depression) and
lower correlations between the other domains. Furthermore, responses frequencies on
theoretically corresponding domains were cross-tabulated to crudely shed some light on the
relation of the different response options. To assess whether utility scores were not merely
associated but of the same magnitude, intra-class correlations (ICCs) were calculated as a
measure of absolute agreement based on pairs of observations of EQ-5D and QLU-C10D
index scores [42]. According to Cachetti (1994) 1CC values for absolute agreement between
0.40 and 0.59 indicate moderate agreement values between 0.60 and 0.74 good and values
>(.75 excellent agreement [42]. A Bland-Altman plot was created to show the extent of
agreement between measures, allowing for the identification of the relationship between
measurement error and best estimate of the true value [43]. In the lack of minimal important
differences (MCIDs) for the Italian EQ-5D-3L index, we used MCIDs reported for the
respective UK-based (MCID=0.08) and US-based (MCID=0.06) indexes in an oncology
population [44] as a crude measure of clinical importance of disagreement and pre-defined
acceptable levels of agreement (LOAS) of +-0.08.The average of both measure was plotted
on the x-axis and the difference (QLU-C10D minus EQ-5D) between the measures on the y-

axis.

Construct validity was established by investigating the instruments’ ability to distinguish
between clinical known groups, i.e. groups whose health status is expected to differ. The
following known groups were investigated based on what is known on MDS patients from
the literature [7, 34, 45]: sex, age (<73 vs >73) [33], ECOG status (0 vs >1), comorbidities
measured by the Hematopoietic Cell Transplantation-Comorbidity Index (HTC-CI) [46] (O
vs >1 comorbidities), disease risk at diagnosis (i.e., lower vs higher) by the IPSS and IPSS-R
indices was considered using the following criteria: IPSS score lower risk =“low risk” and

“intermediate-1 risk” vs higher risk = “intermediate-2” and “high risk”), IPSS-R score
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(lower risk =“Very low”, “Low” and “Intermediate” with an IPSS-R score < 3.5 vs higher
risk= “High”, “Very high” and “Intermediate” with an IPSS-R score > 3.5) [47-49]
transfusion dependency (yes vs no) defined as having received at least one red blood cell
transfusion every 8 weeks over a period of 4 months [50], haemoglobin (Hb) concentration
in (<10 g/dL vs>10 g/dL). Two known groups of MDS patients were also defined based on
the median value of the FACIT Fatigue score in these patients [33], respectively as below or
equal to 39 points vs more than 39 points. In additional analyses (data not shown) MDS
groups identified by this cut-off showed clinically relevant differences in self-reported
symptoms and overall health status/global quality of life measured by the EORTC QLQ-C30

questionnaire [11], according to previously published thresholds [51].

The statistical significance of mean differences between groups was determined with t-tests.
As effect size measure we calculated Cohen’s d, i.e. the mean difference between groups
divided by the pooled standard deviation [52], including 95% confidence intervals. Cohen’s
guidelines were used to interpret the size of the estimates, i.e. estimates of about 0.2, 0.5 and
0.8 were considered small, medium and large, respectively. To directly compare the
instruments with regard to their efficiency to detect differences between groups, the relative
efficiency (RE) was calculated as the ratio of F-values [53] with the Feqsp in the
denominator and FqLu-ciop In the numerator. This means that an RE <1 indicates higher
efficiency of the EQ-5D-3L and an RE >1 reflects higher efficiency of the QLU-C10D. P-
values <.05 were considered statistically significant. All statistical analyses were performed
using SAS.

3. Results

3.1.Sample characteristics

Characteristics of the 619 MDS patients analysed are reported in Table 1. Briefly, median
age was 73.8 years, the majority (61.1%) were male and mostly diagnosed with lower risk
disease according to the IPSS (78.5%).

Insert Table 1
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3.2.Floor and ceiling effects

Table 2 and Table 3 show the score frequencies of response levels per domain for the EQ-
5D-3L and the QLU-C10D and floor and ceiling effects of the index scores respectively.
Between 49.3% and 86.0% reported “no problems” on each of the EQ-5D-3L dimensions,
and between 27.5% and 82.1% reported “no problems” for each dimension of the QLU-
C10D. Ceiling effects for EQ-5D-3L pain and for EQ-5D-3L anxiety/depression were lower
than for the theoretically corresponding domains of the QLU-C10D (pain, emotional
functioning) while for the EQ-5D-3L domains mobility and usually activities ceiling effects
were higher than for the theoretically corresponding domains of the QLU-C10D (physical

functioning, role functioning/social functioning).

With regard to the index scores, the QLU-C10D had lower ceiling effects (4.7%) than the
EQ-5D-3L (22.6%), the latter exceeding the 15% that had been defined as relevant.

Insert Tables 2-3

3.3.Criterion validity
3.3.1. Relationship between EQ-5D and QLU-C10D domains

Correlations between the EQ-5D-3L and QLU-C10D domains can be seen in Table 4. As
expected, the highest correlation coefficients were found between theoretically related
domains. For all three countries these were moderate in size for counterpart domains
(ranging between 0.58 and 0.64 for physical functioning and mobility, role functioning and
usual activities, and pain and pain/discomfort), except for emotional functioning and
anxiety/depression using the Italian tariff where the correlation between these domains was
only small (r=0.41). The largest correlation coefficient between a cancer-specific domain
and a generic EQ-5D-3L domain was found for fatigue and usual activities (r=0.53). All
other correlations coefficients were between r=0.10 (bowel problems and mobility) and
r=0.46 (social functioning and usual activities). As expected, correlation coefficients became
smaller with increasing content-wise distance of the concepts. The Spearman correlation
coefficient between the two index scores was moderate (r=0.70). Cross-tabulations of

response frequencies on theoretically corresponding domains indicated especially for the
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QLU-C10D physical functioning and the EQ-5D-3L mobility domain and the QLU-C10D
emotional functioning and the EQ-5D-3L anxiety/depression domain used different response
options on low impairment levels (e.g. reported “no problems” on the EQ-5D-3L mobility
item, but ““a little problems” when asked for problems making a long walk in on the QLU-

C10D physical functioning domain). Details can be seen in see Table A3 in the Appendix.

Insert Table 4

3.3.2. Level of agreement of utility index scores

The ICC were 0.68 (95% CI 0.57- 0.76) for Italy, 0.71 (95% CI 0.67-0.75) for Australia, and
0.67 (95% CI 0.46-0.79) indicating moderate to good absolute agreement between the index
scores in all countries. The Bland-Altman plots (see Figure 1) showed the same proportional
bias, i.e. the extent of agreement between the measures differed across the measurement
range, for all three countries. Overall, the QLU-C10D produced systematically lower scores
by -0.0608 in Italy and -0.0808 in the UK. The LOAs showed that in all countries the LOAS
exceeded the value of +-0.08 which was defined as acceptable discrepancy.

Insert Figure 1

3.4.Construct validity and relative efficiency

Table 5 shows the sensitivity of both instruments in known group comparisons and their
relative efficiency in finding differences between groups. Both instruments detected
statistically significant differences between the known groups. Effect sizes were mostly
small to moderate. The exceptions were IPSS risk groups, for which neither instrument

detected a difference that was statistically significantly different from zero, and IPSS-R risk

10
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groups, in which only the QLU-C10D detected a small difference. The relative efficiency of
detecting differences was in favour of the QLU-C10D in the majority of clinical groups in all
countries. For the same health states, QLU-C10D scores were systematically lower than EQ-
5D-3L scores.

Insert Table 5

4. Discussion

The EORTC QLU-C10D, a novel cancer-specific preference-based measure, has gone
through a thorough development process [30, 54-56]. This is the first study that subjected the
QLU-C10D to analyses on its criterion and construct validity as it is suggested to be done to

examine whether it can be a source of information 1n economic evaluations [17].

Using the EQ-5D-3L as comparative measure, the results showed that the QLU-C10D has
good criterion validity in MDS patients. All analyses were performed pairwise (i.e. using
respective national value sets for both measures) for three countries, namely Italy, Australia,
and the UK. In all three countries we found lower correlations between theoretically distant
domains and higher correlations between theoretically corresponding domains and an overall
good association between the index scores. The emotional dimensions showed a small
correlation in Italy only. The absolute agreements between index scores were good and the
Bland-Altman plots showed proportional bias with LOAs exceeding the size of UK-based
and US-based MCIDs of the EQ-5D-3L in oncology [44]. Negative trends, i.e. QLU-C10D

scores are lower) were observed.

These results indicate that the two instruments measured a similar construct, but resulting
HSUVs are not interchangeable. Therefore, a crucial characteristic of the novel measure
concerning its applicability in economic research is its construct validity, i.e. its ability to
detect health differences, especially in comparison to established generic measures such as
the EQ-5D-3L. This was investigated by performing known group comparisons using both

instruments. There was a good agreement with regard to the detection of health/HRQL

11
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differences between groups categorised by health status which were very similar across
national value sets. With the exception of the IPSS-R risk groups which was only detected
by the QLU-C10D, both measures discriminated the same groups in all three countries.
Considering the number of discriminated known groups and the associated efficiency in
doing so, the QLU-C10D showed better construct validity than the EQ-5D-3L, especially in

clinical groups.

A strong ceiling effect and the weakness in discriminating between good health states has
been reported as a frequent issue of concern for the EQ-5D-3L [17]. Investigating the
instruments’ ceiling effects showed that these were noticeably lower for the QLU-C10D
index than for the EQ-5D-3L index; the latter with 22.6% can be considered relevant in size
[40]. Response frequencies for the specific domains, however, showed strong ceiling effects
for both measures all exceeding the defined threshold of 15%. Focusing on the theoretically
corresponding domains revealed lower ceiling effects for the QLU-C10D domains physical
functioning, role functioning, and social functioning compared to their theoretical EQ-5D-3L
counterparts mobility and usual activities, while they were higher for the QLU-C10D
domains pain and depression compared to their theoretical EQ-5D-3L counterparts
pain/discomfort and anxiety/depression. One potential explanation for this difference in
measurement range might be found in the width of their constructs. This might be especially
true for QLU-C10D physical functioning with an item each on the ability to make a long
walk and a short walk appears broader than the EQ-5D-3L mobility domain asking for the
ability to move around. Vice versa where the EQ-5D-3L exhibited lower ceiling effects the
respective domains ask for two aspects each (anxiety and depression; pain and discomfort)
while the QLU-C10D asks for only one aspect each (depression; pain). Hence the constructs
for these domains captured by the QLU-C10D are narrower and therefore it is “easier” to
report no problems. Cross-tabulations of frequencies of responses on these domains showed
that indeed the agreement on the two measures on “no problems” was lowest for the QLU -
C10D physical functioning “long-walk”- item and EQ-5D-3L mobility and for the QLU-

C10D emotional functioning domain and the EQ-5D-3L anxiety/depression domain.

The overall better distribution of the QLU-C10D indices across the measurement range
might be results of the higher number of response categories (4 versus 3) and the higher

number of included dimensions (10 versus 5). The larger number of dimensions is related to

12
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a larger number of items; 13 used to generate the QLU-C10D utility values versus only 5
used to generate EQ-5D utility values. Of course, this impacts on completion time; the
average time to complete the QLQ-C30 is 7-11 minutes [11, 57]; for the EQ-5D a few
minutes are given as completion time in their user guide [58]. However, if the QLQ-C30 is
used in a trial to assess HRQL as a multi-dimensional construct, as it often is, then the ability
to also generate utility scores using the QLU-C10D algorithm saves patients the additional
burden of completing a separate preference-based questionnaire, such as the EQ-5D. Further,
the richer descriptive system of the QLQ-C30 is likely to be underpin the observed
advantage in identifying good health states and in discriminating between clinical known
groups, relative to the EQ-5D-3L.

As mentioned earlier, a revised version of the EQ-5D, the EQ-5D-5L [23], aims at
overcoming some of the shortcomings of the EQ-5D-3L. by using five response levels
instead of three [20, 24, 25]. It is a limitation of our study that we cannot provide a direct
comparison with this 5-level version. However, so far, there very few value and cross-walk
sets available for the EQ-5D-5L and the 3-level version still is the legitimate standard
measure, also in the UK where the National Institute for Health and Care Excellence (NICE)
has not yet approved the EQ-5D-5L for reimbursement decisions [59]. However, such a
comparison will be required to determine the impact of the number of response categories on
the relative discriminatory abilities of the measures. There is some evidence that the
preference-based precursor of the QLU-C10D, the EORTC-8-Dimension (EORTC-8D) [60]
may have greater discriminatory power than the EQ-5D-5L in leukaemia patients [26] and
that it better captures changes in HRQL in mild health states in multiple myeloma patients
[22]. These findings support that a greater number of response categories alone are not be the

sole drivers of differences in sensitivity and efficiency of psychometric instruments.

A question consider is why the QLU-C10D seems to consistently result in lower utilities
than the EQ-5D-3L. There are several potential reasons, reflecting key differences between
the descriptive systems and the valuation methods. Both these instruments have additive
utility algorithms in which each level of each domain that deviates from full health is
associated with a utility decrement. The greatest impact is likely to be from the number of
domains; the more domains, the greater the summed utility decrement. The impact of the

number of levels is less clear; the size of the utility decrement reflects severity, and even

13
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though the EQ-5D only has three levels, the worst level is quite severe in all domains. As
Supplementary Table A3 shows, relatively few patients in this study were at the worst levels
of the domains on either instrument, so differences in utility decrements at the worst levels
are unlikely to be a major contributor to the generally lower values of the QLU-C10D
utilities. Table A3 shows that the majority were at the well end of the spectrum, reflecting
the fact that MDS patients shortly after diagnosis are generally in relatively good health. The
frequencies in Levels 1 and 2 of Table 3 suggest that the QLU-C10D may be able to
discriminate impairments at the upper end of the scale more accurately, allowing mild moves
away from full health detected by the EQ-5D-3L to contribute to the generally lower values
of the QLU-C10D utilities . The final reason why for the QLU-C10D provided
systematically lower utility is that the valuations were conducted with a discrete choice
experiment, while the EQ-5D valuations used the time-trade-off technique. To our
knowledge, whether valuation techniques cause systematic differences and if so, the

direction and size of those differences, is a so far unsolved question.

A further limitation of our study is that, since data collection in the PROMY'S study is still
ongoing, we were unable to provide information on the responsiveness of the QLU-C10D to
change. This will be the next step of investigation, along with the question which HRQL
dimensions or response characteristics might be driving differences in sensitivity between

the measures.
Conclusion

We conclude that the QLU-C10D may be a sensible alternative preference-based measure to
generate health utilities for economic research in MDS, if it is not EQ-5D-3L utilities which
are required from a regulatory perspective. For example for the National Institute for Care
Excellence (NICE) in the UK the EQ-5D-3L still considered the measure of choice in CUAs
[61] while the Pharmaceutical Benefits Advisory Committee (PBAC) in Australia does not
mandate a specific preference-based measure [62]. In general, there is limited information on
HSUVs in MDS; our results provide valuable information on cancer-specific HSUVs in a
recently diagnosed MDS population. QALY can vary substantially depending on baseline
evidence, and this variation can even impact health decisions when a cost threshold is in
place [63]. Since MDS may progress into AML, HSUVs before progression provide

important information for decision analytic models, especially when it is not appropriate to
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assume full-health or general population health at baseline. Finally, a big strength of the
QLU-C10D is its backward compatibility with the QLQ-C30, which is frequently used in
MDS [12]. Hence, in addition to the availability of a 15-scale HRQL profile, HSUVs for
MDS can therefore be calculated retrospectively from QLQ-C30 data from a range of

existing studies and registry data.

What is new?

-This is the first study to investigate the sensitivity of the novel cancer-specific preference-

based measures QLU-C10D in a clinical setting

- Our results show, that cancer-specific health state utility values in a myelodysplastic

syndrome population may be determined using the QLU-C10D

- In general, our results inform the ongoing discussion on the arguable advantage of disease-

specific over generic preference-based measures
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Figure 1: Bland-Altman plots of agreement between the QLU-C10D and EQ-5D-3L.
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Table 1: Sociodemographic and clinical information (N=619).

Variable Value
Age (years)
Mean (SD) 72.2 (10.7)
Median (IQR) 73.8 (66.8-79.5)
Sex, %
Male 61.1
Female 38.9
Transfusion dependency®, %
No 85.0
Yes 15.0
IPSS®, %
Lower risk 78.5
Higher risk 215
IPSS-R®, %
Lower risk 58.6
Higher risk 41.4
ECOG status, %
0 46.2
1 42.1
2 10.2
3 1.5
Comorbidities, %
No 41.9
Yes 58.1
Hb concentration, g/dL, %
<10 46.2
>10 53.8
FACIT Fatigue score
Mean (SD) 37.6 (10.8)
Median (IQR) 41.0 (32.0-46.0)
EQ-5D VAS score
Mean (SD) 63.6 (18.2)
Median (IQR) 65.0 (50.0-80.0)
QLU-C10D index
Italy:
Median; Mean (SD) 0.85; 0.77 (0.20)
Australia:
Median; Mean (SD) 0.79; 0.73 (0.20)
UK:
Median; Mean (SD) 0.79; 0.74 (0.20)
EQ-5D-3L index
Italy:
Median; Mean (SD) 0.87; 0.83 (0.19)
Australia:
Median; Mean (SD) 0.76; 0.73 (0.25)
UK:
Median; Mean (SD) 0.88; 0.82 (0.19)
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SD = standard deviation; IPSS=International Prognostic Scoring System; IPSS-R = International Prognostic Scoring System —
Revised; ECOG = Eastern Cooperative Oncology Group; Hb = haemoglobin, FACIT = Functional Assessment of Chronic

Iliness Therapy; EQ-5D = Euroqol 5 Dimensions; VAS = visual analogue scale; QLU-C10D = Quality of Life Utility Core 10
Dimensions

® Transfusion dependency was defined as having received at least one red blood cell transfusion every 8 weeks over a
period of 4 months.

® “lower risk” category = risk groups “low” and “intermediate-1"; “higher risk” category = risk groups “intermediate-2” and
“high”.

“ “lower risk” category = risk groups “very low”, “low” and “intermediate” with a IPSS-R score < 3.5; “higher risk” category =
risk groups “high”, “very high” and “intermediate” with a IPSS-R score > 3.5.

Table 2: Ceiling and floor effects and frequencies of response levels per domain for the
EQ-5D-3L

EQ-5D-3L index score
Ceiling 22.6%
Floor 0.0%
EQ-5D-3L domains
Mobility Self-care  Usual Pain/ Anxiety/
activities Discomfort Depression
1 (Ceiling) 358 532 371 326 305
(57.8%) (86.0%) (60.0%) (52.7%) (49.3%)
2 257 79 227 271 274
(41.5%) (12.76%)  (36.7%)  (43.6%) (44.3%)
3(Floor) 4 8 21 23 40
(0.65%) (1.29%) (3.4%) (3.7%) (6.5%)

Table 3: Ceiling and floor effects and frequencies of response levels per domain for the

QLu-c10D
QLU-C10D index
score
Ceilin  4.7%
4
Floor 0.0%
QLU-C10D domains
Functioning Symptoms
Physic Role Social Emotio Pain Fatig Insomn Appeti Naus Bowel
al nal ue ia teloss ea Proble
ms
1 172 311 378 349 386 170 297 444 508 410
(Ceilin (27.8 (50.2 (31.1 (56.4%) (62.4 (27.5 (48.0%) (71.7% (82.1 (66.2%)
8) %) %) %) %) %) ) %)
2 210 188 144 193 160 279 222 122 89 140
(34.0 (304 (233 (31.2%) (259 (45.1 (35.9%) (19.7% (14.4 (22.6%)
%) %) %) %) %) ) %)
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3 159 77
(25.7 (124
%) %)

4 78 43

(Floor) (12.6 (7.0%
%) )

63
(10.2
%)

24
(3.9%
)

54
(8.7%)

23
(3.7%)

55 123 74
(8.9% (19.9 (12.0%)
) %)

18 47 26
(29% (7.6% (4.2%)

) )

36 20

(5.8%) (3.2%
)

17 2

(2.8%) (0.3%

)

55
(8.9%)

14
(2.3%)

Table 4: Correlations between QLU-C10 and EQ-5D index and domain scores

QLU-C10D ltalian tariff

EQ-5D-3L Italian tariff

index
index 0.70*
domains
domains Mobility  Self-care  Usual Pain/ Anxiety/
activities Discomfort Depression
Physical Functioning 0.58" 0.35° 0.54" 0.34° 0.25°
Role Functioning 0.43" 0.41" 0.61° 0.29" 0.32"
Social Functioning 0.25° 0.37° 0.46" 0.20° 0.32°
Emotional Functioning 0.19" 0.22° 0.33° 0.21" 0.41"
Pain 0.32" 0.21" 0.21" 0.64" 0.15"
Fatigue 0.39" 0.30" 0.53" 0.33 0.35"
Sleep disturbances 0.11" 0.16° 0.24" 0.23" 0.21
Appetite loss 0.28" 0.34" 0.42" 0.26° 0.28"
Nausea vomitting 0.17" 0.28" 0.28" 0.29" 0.28"
Bowel problems 0.10" 0.11° 0.12° 0.19" 0.15"
QLU-C10D Australian tariff EQ-5D-3L Australian tariff
index
index 0.72*
domains
domains Mobility  Self-care  Usual Pain/ Anxiety/
activities Discomfort Depression

Physical Functioning 0.58* 0.35% 0.54* 0.34* 0.24*
Role Functioning 0.43* 0.41*  061*  0.29* 0.32*
Social Functioning 0.21* 0.38* 0.41* 0.16* 0.25*
Emotional Functioning 0.14* 0.24* 0.35% 0.22* 0.55*
el 0.32* 0.21* 0.21* 0.64* 0.15*
il 0.39* 0.30%*  053*  0.32* 0.35*
Sleep disturbances 0.11* 0.16* 0.24* 0.23* 0.21*
Appeie loss 0.29%  0.34*  043*  027* 0.28*
LS eI 0.17* 0.28* 0.28%  0.29* 0.28*
Bowel problems 0.10* 0.11* 0.12* 0.19* 0.15*

QLU-C10D UK tariff

EQ-5D-3L UK tariff
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index
index 0.70*
domains
domains Mobility  Self-care  Usual Pain/ Anxiety/
activities Discomfort Depression

Physical Functioning 0.58* 0.35% 0.54* 0.34* 0.245*
Role Functioning 0.43 0.41 0.61 0.29 0.32*
Social Functioning 0.25* 0.37* 0.46* 0.20* 0.32%*
Emotional Functioning 0.14* 0.24% 0.35% 0.22* 0.55*
Pain 0.32* 0.21* 0.21* 0.64* 0.15*
Fatigue 0.39* 0.30* 0.53* 0.32* 0.35*
Sleep disturbances 0.11* 0.16* 0.24* 0.23 0.22%
Appetite loss 0.28* 0.34* 0.42* 0.26* 0.28*
Nausea vomitting 0.17* 0.28* 0.28* 0.29* 0.28*
Bowel problems 0.10* 0.11* 0.12* 0.19* 0.15*

"p <0.05

Table 5: Sensitivity analyses/known group comparisons and relative efficiency

Tariff Mean (SD) Mean (SD) ES (95% CI)° p RE™
Sex male Sex female
N=378 N=241
Italy QLU- 0.80.(0.19) 0.74 (0.22) 0.30(0.13- <
C10D 0.46) 0.001
Italy EQ-5D- 0.86 (0.16) 0.79 (0.22) 0.38(0.21- < 0.70
3L 0.54) 0.001
Australia QLU- 0,76 (0,19) 0,69 (0,22) 0.35 (0.18- <
C10D 0.51 0.001
Australia EQ-5D- 0,77 (0,20) 0,67 (0,30) 0,41 (0,25- < 0,75
3L 0,57) 0.001
UK QLu- 0,76 (0,18) 0,70 (0,20) 0,32 (0,16- <
C10D 0,48) 0.001
UK EQ-5D- 0,84 (0,16) 0,77 (0,23) 0,37 (0,20- < 0,76
3L 0,53) 0.001
Age <73 Age >73
N=284 N=335
Italy QLU- 0.81(0.19) 0.74 (0.21) 0.35 (0.19- <
C10D 0.51) 0.001
Italy EQ-5D- 0.87 (0.16) 0.80 (0.20) 0.38(0.22- < 0.76
3L 0.54) 0.001
Australia QLU- 0.77 (0.20) 0.70 (0.20) 0.35 (0.19- <
C10D 0.51) 0.001
Australia EQ-5D- 0.78 (0.23) 0.69 (0.26) 0.36 (0.20- < 0.70
3L 0.52) 0.001
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UK

UK

Italy

Italy

Australia

Australia

UK

UK

Italy

Italy

Australia

Australia

UK

UK

Italy

Italy

Australia

Australia

UK

UK

QLU-
c1oD
EQ-5D-
3L

QLU-
ciob
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L

QLU-
ciob
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L
QLU-
Cc1oD
EQ-5D-
3L

QLU-
Cc1oD
EQ-5D-
3L
QLu-
ciob
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L

0,77 (0,19)

0,86 (0,16)

ECOG 0
N=282
0.85 (0.16)
0.89 (0.14)
0,81 (0,17)
0,80 (0,20)

0,81 (0,16)

0,87 (0,14)

Comorbidities no

N=358
0.82 (0.17)

0.89 (0.13)

0,78 (0,17)

0,80 (0,17)

0,78 (0,17)

0,87 (0,13)

Not transfusion

dependent®
N=520
0.78 (0.20)
0.84 (0.17)
0,74 (0,20)
0,74 (0,24)

0,74 (0,20)

0,83 (0,18)

0,70 (0,20)

0,78 (0,20)

ECOG21
N=328
0.71(0.21)
0.79 (0.20)
0,67 (0,21)
0,67 (0,28)

0,67 (0,20)

0,77 (0,21)

Comorbidities yes

N=258
0.74 (0:22)

0.79 (0.21)
0,70 (0,22)
0,68 (0,28)
0,70 (0,20)

0,78 (0,21)

Transfusion
dependent®
N=92
0.73 (0.20)
0.78 (0.21)
0,69 (0,20)
0,68 (0,27)

0,69 (0,19)

0,77 (0,21)

25

0,36 (0.20-
0.52)
0,44 (0,28-
0,60)

0.74 (0.58-
0.91)

0.57 (0.41-
0.73)
0,73 (0,56-
0,89)
0,53 (0,37-
0,46)
0,77 (0,60-
0,93)
0,55 (0,39-
0,71)

0.40 (0.24-
0.56)
0.55 (0.39-
0.79)
0,40 (0,24-
0,56)
0,54 (0,38-
0,70)
0,44 (0,27-
0,60)
0,54 (0,37-
0,70)

0.25 (0.03-
0.47)

0.34 (0.12-
0.56)
0.25 (0.03-
0.47)
0,27 (0,05-
0,49)
0,25 (0,03-
0,47)
0,32 (0,10-
0,55)

<

0.001

0.001

0.005
0.005
0,006
0,005
0,004

0,018

0,71

161

1,61

1,73

0.60

0,60

0,62

0.58

0,58

0,84
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Italy

Italy

Australia

Australia

UK

UK

Italy

Italy

Australia

Australia

UK

UK

Italy

Italy

Australia

Australia

UK

UK

Italy

Italy

QLU-
ciob
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L

QLu-
ciob
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L
QLu-
ciob
EQ-5D-
3L

QLU-
Cc1oD
EQ-5D-
3L
QLU-
C10D
EQ-5D-
3L
QLU-
ciob
EQ-5D-
3L

QLU-
ciob
EQ-5D-
3L

IPSS lower risk”
N=486
0.78 (0.20)
0.83 (0.19)
0,74 (0,20)
0,73 (0,25)

0,74 (0,20)

0,81 (0,19)

IPSS-R lower risk*
N=363
0.79 (0.20)
0.84 (0.18)
0,76 (0,20)
0,74 (0,23)

0,76 (0,19)

0,83 (0,18)

Haemoglobin <10
N=286
0.83 (0.18)
0.87 (0.14)
0,79 (0,18)
0,77 (0,21)

0,79 (0,18)

0,85 (0,16)

FACIT Fatigue <39
N=267
0.62 (0.20)

0.71(0.20)

IPSS higher risk®
N=133
0.76 (0.21)
0.84 (0.18)
0,72 (0,21)
0,74 (0,25)

0,72 (0,20)

0,83 (0,19)

IPSS-R higher risk"
N=256
0.74 (0.21)
0.82 (0.20)
0,71 (0,21)
0,71 (0,28)

0,71 (0,20)

0,81 (0,20)

Haemoglobin 210
N=333
0.72 (0.21)
0.80 (0.21)
0,69 (0,20)
0,69 (0,28)

0,69 (0,20)

0,79 (0,21)

FACIT Fatigue 239
N=349
0.89 (0.11)

0.93 (0.09)
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0.10 (-0.09-
0.29)

-0.05 (-0.24-
0.14)
0,11 (-0,08-
0,30)
-0,04 (-0,23-
0,15)
0,10 (-0,09-
0,29)
-0,11 (-0,30-
0,09)

0.24 (0.01-
0.41)
0.11 (-0.01-
0.27)
0,24 (0,008-
0,41)
0,12 (-0,04-
0,28)
0,26 (0,10-
0,42)
0,11 (-0,05-
0,27)

0.56 (0.39-
0.72)

0.38 (0.22-0
55)
0,52 (0,36-
0,68)
0,32 (0,17-
0,48)
0,52 (0,36-
0,68)
0,32 (0,16-
0,48)

-1.73 (-1.91- -

1.54)

-1.48 (-1.66- -

1.30)

0.367
0.278
0,346
0,361
0,292

0,238

<0.001
0.492
<0.001
0,407

<
0.001

0,8099

3.44

3.44

1.32

10.0

10,0

17,3

2.09

2,09

2,79
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Australia  QLU- 0,59 (0,20) 0,85 (0,12) -1,63 (-1,81- - <
C10D 1,44) 0.001
Australia EQ-5D- 0,58 (0,28) 0,84 (0,15) -1,20 (-1,37- - < 1,41
3L 1,03) 0.001
UK QLU- 0,59 (0,19) 0,85 (0,11) -1,73 (-1,92- - <
c10D 1,54) 0.001
UK EQ-5D- 0,70 (0,21) 0,91 (0,11) -1,30 (-1,48- - < 1,65
3L 1,13) 0.001

*ES=effect size Cohen’s d
**RE=relative efficiency; ratio of F-statistics; RE>1 QLU is more efficient, RE<1 EQ-5D is more efficient

® Transfusion dependency was defined as having received at least one red blood cell transfusion every 8 weeks over a
period of 4 months

® “lower risk” category = risk groups “low” and “intermediate-1”; “higher risk” category = risk groups “intermediate-2”
and “high”

“ “lower risk” category = risk groups “very low”, “low” and “intermediate” with a IPSS-R score < 3.5; “higher risk” category
= risk groups “high”, “very high” and “intermediate” with a IPSS-R score > 3.5
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