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Abstract

Use of generic and condition-specific measures of
health-related quality of life in NICE decision-making:
a systematic review, statistical modelling and survey

Louise Longworth,’* Yaling Yang,' Tracey Young,? Brendan Mulhern,?
Monica Hernandez Alava,? Clara Mukuria,? Donna Rowen,? Jonathan Tosh,?
Aki Tsuchiya,? Pippa Evans,? Anju Devianee Keetharuth? and John Brazier?

THealth Economics Research Group, Brunel University, Uxbridge, Middlesex, UK
2School of Health and Related Research, University of Sheffield, Sheffield, UK

*Corresponding author

Background: The National Institute for Health and Care Excellence recommends the use of generic
preference-based measures (GPBMs) of health for its Health Technology Assessments (HTAs). However,
these data may not be available or appropriate for all health conditions.

Objectives: To determine whether GPBMs are appropriate for some key conditions and to explore
alternative methods of utility estimation when data from GPBMs are unavailable or inappropriate.

Design: The project was conducted in three stages: (1) A systematic review of the psychometric properties
of three commonly used GPBMs [EQ-5D, SF-6D and Health Utilities Index Mark 3 (HUI3)] in four broadly
defined conditions: visual impairment, hearing impairment, cancer and skin conditions. (2) Potential
modelling approaches to ‘map’ EQ-5D values from condition-specific and clinical measures of health
[European Organisation for Research and Treatment of Cancer Quality-of-life Questionnaire Core 30
(EORTC QLQ-C30) and Functional Assessment of Cancer Therapy — General Scale (FACT-G)] are compared
for predictive ability and goodness of fit using two separate data sets. (3) Three potential extensions to the
EQ-5D are developed as ‘bolt-on’ items relating to hearing, tiredness and vision. They are valued using the
time trade-off method. A second valuation study is conducted to fully value the EQ-5D with and without
the vision bolt-on item in an additional sample of 300 people.

Setting: The valuation surveys were conducted using face-to-face interviews in the respondents’ homes.
Participants: Two representative samples of the UK general population from Yorkshire (n = 600).
Interventions: None.

Main outcome measures: Comparisons of EQ-5D, SF-6D and HUI3 in four conditions with various
generic and condition-specific measures. Mapping functions were estimated between EORTC QLQ-C30
and FACT-G with EQ-5D. Three bolt-ons to the EQ-5D were developed: EQ + hearing/vision/tiredness.
A full valuation study was conducted for the EQ + vision.

© Queen'’s Printer and Controller of HMSO 2014. This work was produced by Longworth et al. under the terms of a commissioning contract issued by the Secretary of State for
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(1) EQ-5D was valid and responsive for skin conditions and most cancers; in vision, its
performance varied according to aetiology; and performance was poor for hearing impairments. The HUI3
performed well for hearing and vision disorders. It also performed well in cancers although evidence was
limited and there was no evidence in skin conditions. There were limited data for SF-6D in all four
conditions and limited evidence on reliability of all instruments. (2) Mapping algorithms were estimated to
predict EQ-5D values from alternative cancer-specific measures of health. Response mapping using all the
domain scores was the best performing model for the EORTC QLQ-C30. In an exploratory analysis, a
limited dependent variable mixture model performed better than an equivalent linear model. In the full
analysis for the FACT-G, linear regression using ordinary least squares gave the best predictions followed
by the tobit model. (3) The exploratory valuation study found that bolt-on items for vision, hearing and
tiredness had a significant impact on values of the health states, but the direction and magnitude of
differences depended on the severity of the health state. The vision bolt-on item had a statistically
significant impact on EQ-5D health state values and a full valuation model was estimated.

EQ-5D performs well in studies of cancer and skin conditions. Mapping techniques
provide a solution to predict EQ-5D values where EQ-5D has not been administered. For conditions
where EQ-5D was found to be inappropriate, including some vision disorders and for hearing, bolt-ons
provide a promising solution. More primary research into the psychometric properties of the generic
preference-based measures is required, particularly in cancer and for the assessment of reliability.
Further research is needed for the development and valuation of bolt-ons to EQ-5D.

This project was funded by the UK Medical Research Council (MRC) as part of the MRC-NIHR
methodology research programme (reference G0901486) and will be published in full in Health Technology
Assessment; Vol. 18, No. 9. See the NIHR Journals Library website for further project information.
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Scientific summary

Background

Generic preference-based measures (GPBMs) of health-related quality of life (HRQL) are commonly used in
the economic evaluation of health interventions. They provide a multidimensional description of health
that is combined with survival to generate quality-adjusted life-years (QALYs). To enhance comparability,
the National Institute for Health and Care Excellence (NICE) prefers the use of one of the GPBMs, EQ-5D,
for measuring HRQL. This report addresses a number of important methodological issues arising from the
use of GPBMs in NICE decision-making. It describes a series of studies undertaken to address the key
questions of how to determine whether a GPBM is valid for use in calculating QALYs, what to do when
the GPBM is not available (and specifically the use of ‘mapping’ or ‘cross-walking’ techniques to predict
EQ-5D values) and what to do when the GPBM is found to miss important components of HRQL for a
specific condition through the use of a new approach using ‘bolt-on’ dimensions.

Objectives

® To examine the appropriateness of three GPBMs of HRQL [EQ-5D, Health Utilities Index Mark 3 (HUI3)
and SF-6D] for vision loss, hearing loss, skin disorders and cancer.

® To compare alternative methods for mapping from condition-specific or clinical measures onto EQ-5D,
and to conduct exploratory analysis of the incorporation of uncertainty in the predicted estimates.

® To estimate mapping functions for use by researchers and policy-makers in conditions in which the
EQ-5D has been found to be appropriate.

® To explore a new method for measuring HRQL in patient groups in which a generic measure has been
shown to miss important dimensions (‘bolt-ons’).

® To estimate the impact of three ‘bolt-on’ dimensions on the value of EQ-5D health states.

® To estimate a new value set containing one of the EQ-5D bolt-ons and compare it with a value set
without the EQ-5D bolt-ons.

Methods and results

Study 1: a systematic review of the performance of generic
preference-based measures of health in four disease areas - visual disorders,
hearing impairments, skin conditions and cancer

Methods

A systematic review of the literature was conducted for three GPBMs of HRQL: EQ-5D, HUI3 and SF-6D.
Search strategies included free text and controlled terms. The following electronic databases were
searched: BIOSIS (1969 to 2010), Cumulative Index to Nursing and Allied Health (CINAHL) (1982 to 2010),
Cochrane Library comprising the Cochrane Database of Systematic Reviews (CDSR), Cochrane Central
Register of Controlled Trials (CENTRAL), Cochrane Methodology Register, NHS Economic Evaluations
Database (NHS EED) (1991 to 2010), EMBASE (1980 to 2010), MEDLINE (in process and non-indexed to
2010), PsycINFO (1806 to 2010) and Web of Science (1900 to 2010). Relevant websites were also
searched. For inclusion, the studies had to report dimensions and/or index values and another measure of
HRQL or clinical severity to allow an assessment of validity. Searching was completed in August 2010.

Performance was assessed in terms of (1) construct validity, the extent to which the measure differentiated
between groups defined according to severity (known group) or a weaker test of differences between
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people with and without the condition (case—control); (2) convergent validity, the strength of association
between the EQ-5D and other measures of HRQL or clinical severity assessed using correlation coefficients
or statistical significance and regression methods; (3) responsiveness, the extent (size and statistical
significance) to which EQ-5D shows change where change has been observed using other HRQL or clinical
measures; and (4) reliability, the extent to which the EQ-5D shows no change where no change in health
has been observed using other measures.

Results

Visual disorders

Most of the 31 studies considered in this review found a worsening of utility values as visual impairment
increases. Most evidence was found for the EQ-5D. Nearly all studies found significant differences between
patients with the condition and a control group without it. Studies comparing EQ-5D scores across severity
groups were more mixed, with most finding little or no difference between groups defined by clinical
measures of visual impairment. No studies reported evidence on reliability for any of the measures.

Three studies only allowed assessment of responsiveness and these identified changes consistent with an
effective intervention, but differences were statistically significant in only two of three studies. The
assessment of convergent validity was more concerning, with several studies not demonstrating a
statistically significant correlation with clinical measures. While there was less evidence for the HUI3, all but
one study demonstrated good validity and no studies assessed responsiveness. There was very limited
evidence on the SF-6D.

Hearing impairment

Of the 18 studies found in the review, the HUI3 was the most commonly used measure. In all six cases
that used the HUI3, this measure detected differences between groups defined by their severity and
statistically significant changes were detected in five out of six cases as a result of intervention. Differences
picked up by the HUI3 were driven by the hearing dimensions, and, in some cases, the speech and
emotion dimensions. The findings suggested relatively poor responsiveness of EQ-5D in this condition as in
four out of five cases it failed to detect change. A study suggested it only had weak ability to discriminate
differences between severity groups. Only one study involved the SF-6D; thus, the information is too
limited to conclude on its performance. No studies reported evidence to allow an assessment of reliability
for any of the measures.

Skin diseases

Out of the 16 papers found, there was evidence to suggest the EQ-5D has good construct and convergent
validity and responsiveness in skin disorders. All six studies reporting data for groups defined according to
severity showed EQ-5D was able to reflect differences between groups and only one was not significant.
EQ-5D was able to significantly differentiate patient and general populations in four case—control

studies (one study did not report statistical tests), as well as groups defined by non-severity. Moderate to
strong correlations were found between EQ-5D and other measures. Nine out of ten studies demonstrated
that the EQ-5D measure was able to detect change appropriately over time, and, among them, only one
study was not statistically significant. Most of the studies included patients with psoriasis or psoriatic
arthritis. No studies reported evidence for HUI3 and SF-6D, and no studies reported evidence on reliability
for any of the measures.

Cancer

Ninety-eight studies were found across 20 different types of cancer. Most evidence was found for the
EQ-5D and the results were, overall, satisfactory. The majority of studies found significant differences in
EQ-5D values between patients with various cancers and a control group. In most cases, the EQ-5D
differentiated between severity groups, although the differences were not always statistically significant.
Correlations between EQ-5D and other measures were mixed. In terms of responsiveness, overall EQ-5D
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scores or dimensions were able to detect appropriate change over time points, but sometimes the change
in scores was small or not statistically significant. Evidence on the performance of EQ-5D varied in different
types of cancer. There was some limited evidence of reliability for the EQ-5D, but most studies had not
been specifically designed to assess reliability. There was evidence to support the ability of the HUI3 to
differentiate between severity groups and between patients with or without cancer. The responsiveness

of the HUI3 was also found to be satisfactory but evidence of reliability was mainly limited to assessments
of inter-rater reliability. Few studies reported evidence to allow a judgement to be made on the validity,
reliability or responsiveness of the SF-6D.

Study 2: mapping from cancer-specific measures to EQ-5D — a comparison
of methods

Methods

The aims of this study were to estimate mapping functions from two cancer-specific HRQL measures, the
European Organisation for Research and Treatment of Cancer Quality-of-life Questionnaire Core 30
(EORTC QLQ-C30) and Functional Assessment of Cancer Therapy — General Scale (FACT-G), for estimating
EQ-5D and to test the applicability of different mapping approaches that have been used in the literature.
In particular, the analysis aimed to provide comprehensive information on how to select the mapping
function and incorporate information on uncertainties around the predictions. Ordinary least squares (OLS),
tobit model, two-part models (TPMs), splining models and response mapping models were used and an
illustrative analysis using a limited dependent mixture model for a selected FACT-G model was also
conducted. We used a range of criteria to identify the most appropriate mapping functions including mean
absolute error (MAE), severity groups and shrinkage. Analysis for the FACT-G instrument was based on
530 patients with various cancers and the EORTC QLQ-C30 was based on 771 patients with multiple
myeloma (MM), breast cancer and lung cancer.

Results

The mean observed EQ-5D value for the FACT-G data set was 0.722 [standard deviation (SD) = 0.224],
ranging from —-0.135 to 1, with 17% of participants reporting full health. For the sample with EORTC
QLQ-C30 data, the mean, range and per cent in full health was 0.57 (SD = 0.35), —=0.594 to 1 and
11% respectively.

Based on the range of criteria used, response mapping using all the domain scores was the
best-performing model for the EORTC QLQ-C30. This was followed by OLS and tobit model, both of which
were based on significant item-level models. Results for the FACT-G showed OLS gave the best
predictions, followed by tobit model, with both based on item-level models. Response mapping and TPMs
gave the poorest predictions. The limited dependent variable mixture model (LDVMM) performed better
than an equivalent linear model in an exploratory analysis.

Generally, both OLS and tobit models using item levels gave some of the best estimates for EORTC
QLQ-C30 and, for FACT-G, produced the most reliable models. Response mapping worked best for the
EORTC QLQ-C30 functions but did not perform well for the FACT-G. This is because the FACT-G data set
did not cover the full range of severity on both the EQ-5D scale and FACT-G; therefore, the mapping
functions for this measure should be used only in non-severe populations.

Different selection methods for choosing the best model are currently used in mapping studies and can
result in selecting different models therefore a range of criteria should be considered. We used criteria that
were common across the different modelling technigues to select the best models. Further work is
required on the most appropriate criteria to use in model selection.
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Study 3a: testing the impact of three ‘bolt-ons’ to the EQ-5D methods

Three 'bolt-on’ dimensions were developed following the systematic review of the performance of the
EQ-5D. Two were developed in conditions in which EQ-5D was shown to be problematic: hearing and
vision. A third was developed in fatigue, since this has been raised as a problem area in cancer (although,
overall, EQ-5D was found to be satisfactory for cases of cancer). The description of levels follows the
approach used for EQ-5D ('no problems’ as level 1, ‘some problems’ as level 2 and ‘extreme problems’ as
level 3). Three core EQ-5D health states were selected for valuation covering a range of severity: a mild
state, a moderate state and a severe state. To each of these states, three levels of the extra dimension
(with severity levels of 1, 2 or 3) were added, resulting in nine EQ-5D states for each bolt-on. The three
core EQ-5D states without the bolt-ons were also valued, plus another six EQ-5D states. A valuation survey
was undertaken using a sample of the general public in South Yorkshire, UK, using face-to-face interviews
and the time trade-off (TTO) method. Individuals were allocated into four groups — three groups each
valued one of the bolt-on variants and one group valued EQ-5D with no bolt-ons.

Mean values for each bolt-on health state were compared with the corresponding core EQ-5D state using
paired t-tests. Regression analyses were used to further examine whether any differences between the
groups could explain any potential differences between the values for the bolt-on states. Random effects
(RE) models were used to take account of the clustering of data by respondents.

Results

Three hundred interviews were successfully completed, evenly split (n = 75) across three groups valuing
each of the three bolt-ons and a group valuing EQ-5D alone. The characteristics of the groups were well
balanced with the exception of fewer people in the group allocated to valuing the EQ + vision reporting
current problems with vision.

Each of the bolt-on items had a significant impact on at least one EQ-5D health state. The extent and
direction of the impact of the bolt-on varied according to the severity of the bolt-on and the state to
which it was added. Adding a level 1 bolt-on to a mild state had no impact, but adding more severe levels
led to lower values. Adding a level 1 or 2 bolt-on to the moderate state led to higher values, but was only
statistically significant for the level 1 hearing bolt-on. Adding a level 3 bolt-on to the moderate state led
to statistically significant lower values for the vision bolt-on. Adding a level 1 or 2 to the severe state

has little impact or increased the health state values, though not significantly. Adding level 3 to the severe
state reduced the value, but not significantly. The severe state had the highest SDs associated with the
mean values and so the comparisons had the lowest power. The regression analysis confirmed that

the differences in characteristics did not have a significant impact upon the valuations.

Study 3b: estimating the impact of a vision bolt-on to EQ-5D valuation model

Methods

The aim was to examine the impact of the vision bolt-on on EQ-5D health state values and the overall
model parameters. A valuation study was undertaken using face-to-face interviews to obtain TTO values
from members of the general public in South Yorkshire, UK. Half of respondents valued health states
described using the EQ-5D plus vision bolt-on (EQ-5D + vision), and for comparative purposes, half of
respondents valued EQ-5D states without the bolt-on. An orthogonal design of a six-dimension three-level
instrument included 18 states, most of which were severe. Starting from these, 20 health states each for
EQ-5D + vision and EQ-5D were selected for valuation, including two mild states. The set of EQ-5D states
consisted of the same EQ-5D + vision states but without the vision bolt-on item. Two RE models were
estimated for both instruments separately. TTO values were regressed on dimension or level models and
coefficients for each of the five EQ-5D dimensions were compared for the two models using z-values.
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Results

Three hundred people completed the interviews and 3120 TTO values were obtained. The two groups
valuing EQ-5D and EQ-5D + vision were comparable in terms of age, gender, education, and health status.
The results indicate that the inclusion of a vision bolt-on has a statistically significant impact on the
valuation of EQ-5D health states. As with the exploratory analysis, the results suggest a somewhat complex
relationship between the bolt-on and EQ-5D. Health states with a level 3 (extreme) vision problems
included are unsurprisingly lower than the corresponding EQ-5D health state; however, the values given to
severe EQ-5D states are higher if ‘'no problems’ on vision are explicitly mentioned (EQ + vision) compared
with if vision is not mentioned at all (EQ-5D only). There was also a suggestion that the coefficients on
usual activity and anxiety and depression dimensions were lower with the introduction of the vision
bolt-on; however, this difference did not quite reach the 5% level of significance.

Conclusion
This report has presented three substantial pieces of research.

The reviews of performance of the GPBMs were limited by the amount of evidence available, particularly
for HUI3 and SF-6D. It is also difficult to prove the validity or otherwise of EQ-5D given the absence of a
gold standard. However, the systematic review established that EQ-5D was a valid and responsive method
for cases of cancer and some skin conditions, performance varied according to aetiology for vision, and
performance was poor for hearing disorders. The HUI3 performed well for hearing and vision disorders and
it also performed well in cases of cancer, although evidence was limited and there was no evidence for
skin-related conditions. There were limited data for the SF-6D in all four conditions. There was very little
evidence on reliability of all the instruments in all four conditions.

Mapping algorithms were estimated to predict EQ-5D values from alternative cancer-specific measures of
health (FACT-G and EORTC QLQ-C30). While some differences were found in performance between
models examined and some models did perform noticeably better across most criteria, conclusions about
the best method are hard to draw owing to small sample sizes and the limited coverage of the patient
groups. Further work is needed to determine the most important criteria for model selection. Ideally, all
the mapping functions would be estimated in bigger data sets spanning the full spectrum of disease and
then validated against an external, but similar, sample. Such data sets were not available for us to conduct
this analysis but would be useful for further research.

The exploratory valuation study found that bolt-on items for vision, hearing and tiredness significantly
impacted on values of the health states. The direction and magnitude of differences depended on the
severity of the health state. A full model to obtain values for all EQ-5D + vision health states was
estimated. The vision bolt-on item had a statistically significant impact on EQ-5D health state values, but
the impact was not simply additive. The results from the vision study suggest that it may be necessary to
estimate new models for some bolt-ons where there is an impact on the coefficients of the five core
dimensions. The development of bolt-ons is a significant development for researchers and policy-makers
using GPBMs in their evaluations. A proliferation of bolt-ons could be problematic if they reduce lead to
many different value sets and the research to develop them is not conducted appropriately. However,
bolt-ons could be very useful by improving on the performance of EQ-5D in specific conditions where
there may be specific concerns.
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Recommendations for further research

® Extend the reviews of the psychometric literature to more conditions.

® Undertake more primary research or analyses of primary data sets into the psychometric properties
of GPBM particularly in cancer.

® Compare alternative statistical models in larger data sets, including those for EORTC QLQ-C30
and FACT-G.

® Develop a systematic programme of research into bolt-ons for EQ-5D.

Funding
This project was funded by the UK Medical Research Council (MRC) as part of the MRC-NIHR

methodology research programme (ref: G0901486) and will be published in full in Health Technology
Assessment; Vol. 18, No. 9. See the NIHR Journals Library website for further project information.
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Chapter 1 Introduction

his report addresses a range of important methodological issues arising from the use of generic and

condition specific measures of health-related quality of life (HRQL) in the decision-making of the
National Institute for Health and Care Excellence (NICE). It describes a series of studies undertaken to
address the key questions of how to determine whether a generic measure of HRQL is valid for use in
calculating quality-adjusted life-years (QALYs), what to do when the generic measure is not available (and
specifically the use of ‘'mapping’ techniques) and examines a new approach to dealing with situations
where the generic measure is found to miss important components of HRQL for specific conditions (i.e. the
use of ‘bolt-on’ dimensions). The rest of this chapter describes the rationale for looking at these questions
and presents the key objectives of the research.

Background

Generic preference-based measures (GPBMs) of HRQL are commonly used in the economic evaluation of
health interventions. These instruments have many advantages, including that they can incorporate the
impact of treatment or ill health on a multidimensional scale and can be combined with data on survival in
the form of QALYs. Furthermore, they facilitate comparisons between interventions and across conditions,
which is important if there is a need for consistency in decision-making between interventions or if there
is a need to compare with a common benchmark or cost-effectiveness threshold. The questionnaires can
usually be easily administered to patients for self-completion and the data can incorporate a reflection

of the value associated with different levels of health (usually based on values from members of the
general population).

In the UK, NICE has specified that Health Technology Assessments (HTAs) submitted to its Technology
Appraisal programme should be based on an incremental cost per QALY framework and recommends the
use of the EQ-5D as the preferred GPBM." The EQ-5D descriptive classification consists of five dimensions
of health: mobility, self-care, usual activities, anxiety/depression, and pain/discomfort.? In the older and
most commonly used version, each dimension of health has three levels of severity; however, a new
five-level version has recently been published.? The 3-level version can describe 243 unique health states,
to which a preference value can be assigned based on a set of values obtained from a large UK general
population survey.*

The decision by NICE to recommend the EQ-5D was, in part, a pragmatic decision.” It is now widely
recognised that the various GPBMs produce different values,®® and this can be problematic for an
organisation wanting to make consistent, transparent and predictable decisions. The GPBMs, including
EQ-5D, have been criticised for being insensitive or failing to capture important aspects of health.®'° While
NICE recommends the use of the EQ-5D for its HTAs, in its Guide to the methods of technology appraisal,’
it recognises that the EQ-5D may not be an appropriate measure for all conditions.” NICE requests
evidence to show that EQ-5D is inappropriate for the condition of interest; however, it does not specify
areas where EQ-5D is inappropriate, nor does it provide criteria to determine when a measure is
appropriate for a particular condition or treatment.

The first section of this report will describe a systematic assessment of the appropriateness of the EQ-5D
and other commonly used GPBMs in four broadly defined health conditions using the criteria of reliability,
validity and responsiveness. This assessment uses established psychometric methods but is complicated

by the absence of a gold standard measure of HRQL with which to compare the GPBMs. It is not possible
to definitively determine whether the generic measures are inappropriate; it still requires an element of
judgement. A generic measure may legitimately show no overall change in HRQL in contrast with a
disease-specific measure because they are measuring different constructs. For example, a condition-specific
measure may show improvements in some symptoms, but the overall impact on HRQL may be weakened
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as a result of new symptoms or side effects from treatment. However, judgements can be made
transparently and systematically based on the totality of the evidence available. The reviews presented
here draw on published research and established psychometric methods to establish the performance of
the GPBM:s.

In addition to acknowledging that the EQ-5D may not always be appropriate, the NICE Guide to the
methods of technology appraisal' also acknowledges that EQ-5D data may not always be available. This
may be for a variety of reasons, such as planning the economic evaluation after the trial design, concerns
about obtaining data directly from patients and concerns about the views of regulators regarding
non-significant differences in HRQL between treatments. In these circumstances NICE suggests
incorporating data from other measures of health through the use of ‘mapping’. ‘Mapping’ (sometimes
referred to as ‘cross-walking’) describes a method by which values obtained from GPBMs, such as EQ-5D,
can be predicted from other measures or indicators of health."'? No specific guidance is provided on the
best methods of mapping other than to state that it must be based on empirical analysis and the methods
must be clearly described. In 2013, recommendations on the use of mapping were described;'® however,
these acknowledge that there is limited evidence to provide clear guidelines on many aspects of mapping,
in particular the most appropriate model specifications. A recent review of mapping functions showed use
of a range of different models including linear models, tobit models, censored least absolute deviation
(CLAD), two-part models (TPMs) and response mapping to predict quality of life (QoL)."" Studies also report
a variety of methods to assess model and predictive performance including predicted mean and standard
deviation (SD), median, Akaike information criterion (AIC), Bayesian information criterion (BIC), R?,
pseudo-R?, mean estimates across severity groups, root-mean-square error (RMSE) and mean square error.
A further issue in mapping is uncertainty, which is typically ignored. There is uncertainty in utility

measure weights, the mapping coefficients, the choice of coefficients and the choice of model and these
have not been addressed in the literature.

The second section of this report aims to establish the most appropriate model specifications for mapping
based on two separate data sets. The analysis draws on the results of the systematic reviews reported in
Chapter 2 and focuses on conditions where the EQ-5D measure has been found to be appropriate based
on the published evidence. An exploratory analysis demonstrates how the uncertainty in the estimates can
be better incorporated into analyses.

The third section of the report examines an alternative method for dealing with the situations when the
EQ-5D has been demonstrated to be inappropriate for a given condition owing to insensitivity or failing to
cover an important dimension of HRQL. One option could be to use alternative GPBMs, but, as discussed
above, this leads to a lack of comparability in the estimates compared with the standard EQ-5D approach
and also may not cover missing dimension(s). Recently, there has been growing interest to explore

an alternative approach by developing preference-based measures from existing and validated
condition-specific measures of HRQL (for a full review of this approach, see the HTA monograph by
Brazier et al."* and for recent examples, see papers by Yang et al.’>'). This approach can offer a useful
solution in some situations. There have, however, been concerns raised that these condition-specific
preference-based measures also produce very different values to the GPBMs and so may compromise
comparability'” and these differences may continue to arise even when the methods of valuation

are designed to be similar with GPBMs."*

One possible solution to this problem is to not use comparable methods of valuation only, but also to keep
the health state classification systems as similar as possible through the development of ‘bolt-on” items to
the EQ-5D or the GPBM of interest. Bolt-ons are dimensions that can be appended to another instrument
and to which utility values can be attributed to the health states described by the instrument with the
bolt-on. Previous research has examined the impact of modifying the EQ-5D descriptive system to include
additional dimensions of health.’®' Krabbe et al.'® valued EQ-5D health states including a ‘cognition’
dimension of health and found that it significantly impacted upon health state values.” More recently,
Yang et al." developed a ‘sleep’ dimension to add to the EQ-5D but found that it did not significantly
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impact on values." The value of any potential ‘bolt-on’ dimension to EQ-5D depends crucially on whether
its inclusion significantly impacts on the values given to the EQ-5D health states. The design and
complexity of ‘bolt-on” valuation studies will depend on how the values of the bolt-on levels are affected
by the EQ-5D states accompanying it and whether the inclusion of the bolt-on items has a significant
impact on the values given to the EQ-5D dimensions. Furthermore, the methods of bolt-on development
and valuation are not well developed. Two studies are described in this report to develop potential
bolt-ons to the EQ-5D, to quantify the impact they have on EQ-5D values and to assess the implications of
this for future bolt-on developments. In undertaking this, a full valuation model is provided for one of the
EQ-5D bolt-ons.

Aims and objectives of the report

The overall aim of the study was to develop methods for systematically incorporating information from
condition-specific measures into the NICE decision-making framework. Specifically, the project had three
related objectives:

1. To examine whether the EQ-5D and other commonly used generic HRQL measures are appropriate for
use in calculating QALYs for NICE decision-making in selected specific conditions.

2. To develop mapping functions to predict EQ-5D data from condition-specific or clinical measures, to
compare alternative model specifications and to conduct an exploratory analysis around the
incorporation of uncertainty in the predicted estimates.

3. To investigate the development and valuation of bolt-ons to expand the EQ-5D descriptive system for
those conditions in which the EQ-5D is not appropriate.

The results from the analysis to meet the first objective are used to inform the second and third objectives.
Mapping will not be successful if the measure to be predicted does not adequately capture HRQL;
therefore, only those conditions where the EQ-5D is found to be appropriate (objective 1) are considered
to inform the mapping analyses (objective 2). Conversely, those conditions found to be not adequately
captured by EQ-5D (objective 1) are the focus of the analyses of bolt-on measures (objective 3).
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Chapter 2 A systematic review of the
psychometric properties of generic preference-based
measures of health in four conditions

Introduction

The aim of the review reported in this chapter was to assess the reliability, validity and responsiveness of
the EQ-5D, Health Utilities Index Mark 3 (HUI3) and SF-6D for measuring HRQL in four broadly defined
conditions: visual disorders, hearing disorders, skin conditions and cancer.

The three GPBMs focused on (EQ-5D, HUI3 and SF-6D) were chosen to represent commonly used GPBMs
of HRQL in NICE Technology Appraisals.?® Specifically, as noted previously, the EQ-5D is recommended

as the preferred measure by NICE and is the most commonly used measure in its Technology Appraisals.’*°
The HUI3 was chosen as it is commonly used internationally and is the second most frequently used in
NICE Technology Appraisals.?° The SF-6D was also chosen as it has properties considered important

by NICE (as a validated and generic measure of HRQL that also has a set of UK general population values
elicited using a choice based method). In addition, the SF-6D questionnaire was derived from the short
form questionnaire-36 dimensions (SF-36), which is widely used in clinical trials.

The four conditions were chosen to represent areas where the EQ-5D measure may not be appropriate
based on previous published research?'?* or concerns reported during the development of NICE
Technology Appraisals.?>?¢ Previous research has reported that the generic instruments, particularly the
EQ-5D, do not adequately capture changes in health as a result of visual or hearing loss, but findings are
mixed.?'?>%% In addition, the measurement of HRQL in these conditions has been the subject of debate
within NICE Technology Appraisals of treatments for these conditions.?>2® The appraisals of treatments for
skin conditions by NICE have frequently relied upon data from condition-specific measures in analyses
rather than directly using generic measures of HRQL. Finally, the condition for which treatments are most
frequently appraised by NICE is cancer. There have been suggestions that generic measures, such as the
EQ-5D, may not adequately reflect the effects of cancer and related treatments that are considered
important to patients (e.g. fatigue); however, a comprehensive review of the evidence has not been
previously reported. A similar review has been conducted to examine the appropriateness of the EQ-5D in
mental health as part of another Medical Research Council (MRC) funded project.?”*®

The rest of this chapter discusses the methods used for the systematic literature reviews, the findings and results
for the four conditions, each discussed separately, and finally a brief discussion and conclusion is provided.

Methods
The generic preference-based measures

EQ-5D

The EQ-5D describes HRQL in terms of five dimensions: mobility, self-care, usual activities, pain/discomfort
and anxiety/depression.? Each dimension is usually described in terms of three levels of severity, although a
version with five levels has recently been published.? The health classification system for the three-level
version describes 243 health states and a tariff of values for each health state is available for several
countries, including the UK. The UK value set was obtained from valuations provided by 3395 members of
the general population using the time trade-off (TTO) valuation method.**°
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SF-6D

Derived from the SF-36 and Short Form questionnaire-12 dimensions (SF-12) health questionnaires, the
SF-6D has six dimensions (physical functioning, role limitation, social functioning, bodily pain, mental
health and vitality) and each dimension has four to six severity levels.®*° Any patient who completes the
SF-36 or the SF-12 can be uniquely classified according to the SF-6D. The health classification system of
SF-6D describes a total of 18,000 health states and a tariff of values for each health state is available
for several countries, including the UK. The UK value set was obtained from valuations provided by

611 members of the general population using the standard gamble (SG) valuation method.*

Health Utilities Index Mark 3

Health Utilities Index is a group of GPBMs for measuring comprehensive health status and HRQL,
including Health Utilities Index Mark 1(HUI1), Health Utilities Index Mark 2 (HUI2) and HUI3. HUI3 has nine
dimensions (vision, hearing, speech, ambulation/mobility, pain, dexterity, self-care, emotion and cognition)
and each dimension has three to six levels. The health classification system of HUI3 describes almost a
million unigue health states and a tariff of values for each health state is available for Canada. The
Canadian value set was obtained from valuations provided by 504 members of the general population
using the visual analogue scale (VAS) and SG valuation methods.?’

The search strategy aimed to identify relevant journal papers providing evidence on the reliability, validity
and responsiveness of EQ-5D, HUI3 or SF-6D in the following four clinical conditions: vision disorders,
hearing impairments, skin disorders and cancer.

Four separate search strategies were developed, one for each of the conditions. The search strategies were
developed following consultation with experts in information resources and health economics. An iterative
approach to the searches was adopted. The strategies consisted of a broad search to identify studies
reporting the use of the GPBMs in patients with each of the four clinical conditions. The search included
both free text and controlled terms. Free text words included "eurogol’, ‘hui3’, 'sf6d’ (all with alternative
spellings). Condition-specific terms were also included (see Appendix 2 for the full searches used). The
following electronic databases were searched: BIOSIS (1969 to 2010), Cumulative Index to Nursing and
Allied Health (CINAHL) (1982 to 2010), Cochrane Library comprising the Cochrane Database of Systematic
Reviews (CDSR), Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Methodology
Register, NHS Economic Evaluations Database (NHS EED) (1991 to 2010), EMBASE (1980 to 2010),
MEDLINE (in process and non-indexed to 2010), PsycINFO (1806 to 2010) and Web of Science

(1900 to 2010).

In addition, a database of studies held on the website of the EuroQol Group® was searched to check for
any missing papers reporting EQ-5D and to check that the search strategies were identifying relevant
papers. Comparable databases for the SF-6D and HUI3 are not available. The search strategies are
presented in Appendix 2.

The inclusion criteria were that (1) the study reported dimensions and/or index values for at least one of
the generic instruments EQ-5D, HUI3 or SF-6D and (2) the study reported another measure of QoL
[including VAS or EuroQol VAS (EQ-VAS), TTO, SG direct valuation of QoL or another utility measure]
or a measure of clinical severity/symptoms that would enable an assessment of validity, responsiveness
or reliability.

The condition-specific inclusion criteria were that the studies reported the above data for people with one
of the following conditions: vision disorders, hearing disorders, skin disorders or cancer.

There was no restriction relating to the type of study or type of condition within the overall definitions.
Owing to resource limitations, only English language studies were reviewed.
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Data extraction

Data were extracted from the studies using a standardised set of forms developed for this study after
reviewing forms used for similar studies in other disease areas.”” The data extracted included general
characteristics of the study and participants, instruments used in the study, methods and results used in
the study for assessment of reliability, construct validity and responsiveness. Data extraction for the
different clinical conditions was undertaken by one member of the research team and summarised using
items presented in Table 1.

Data analysis

Assessment of quality and relevance

For the review, of most importance was the relevance of the study in terms of the patient population and
inclusion of evidence to establish the psychometric performance of the generic measures. Studies including
a mixed population of patients (i.e. with various conditions) were only included if they reported
health-related utility values or dimension responses for subgroups of patients with one of the four specific
conditions being evaluated. Nevertheless, a judgment regarding the risk of bias for each study was

TABLE 1 Information extracted from included papers

General Author name, year
Country where the study took place
Type of disease/disorder
Disease/treatment stage
Treatment (if any)
Study design
Participant characteristics Number of participants
Age (mean and range)
Gender (percentage of males)
Ethnicity
Missing data, including reasons for non-completion if given
Valuation and descriptive methods Descriptive systems
Tariff or source of value sets
Mean values (SD, range)
Direct valuations used
Condition-specific HRQL measures used
Clinical measures used
Qualitative questions asked

Missing data of measures completion

Reliability Methods
Results

Validity Methods
Results

Responsiveness Methods
Results
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determined by reviewing the methods of patient recruitment and noting any missing data reported

(either study drop-outs or incomplete questionnaires). Studies were not required to be specifically designed
to assess validity, responsiveness or reliability, provided that they reported data in sufficient detail to allow
an assessment of these traits. The intention of the assessment of quality was not to exclude relevant
studies, but to highlight any concerns about quality when findings were interpreted.

Assessment of reliability

The reliability of a measure is defined as its ability to reproduce results when measurements are repeated
on an unchanged population,®® or the comparability of responses across different assessors (for example,
patient and proxy report). Reliability can be measured by retesting and reporting either the correlation or
difference between estimates. In some circumstances, no change in health status may be expected over
time and, subsequently, the values obtained using the measures may be stable. These results were
interpreted as evidence of the reliability and stability of instruments. Other assessments of reliability
included assessments of inter-rater reliability based on a comparison of responses given by multiple people
completing the questionnaire on the patients' behalf. When considering the results of inter-rater
comparisons, it is important to note that all of the GPBMs have been designed for self-completion and to
report self-assessed HRQL. Therefore, perfect agreement between the intended respondents and their
proxies may not be expected. Finally studies reporting internal consistency were also included as assessed
through multitrait analysis.

Assessment of construct validity

Validity is defined as how well an instrument measures what it was intended to measure. More specifically,
for the GPBMs, whether the dimensions adequately cover the key determinants of health-related utility.
Criterion validity is determined by comparing an instrument to an established gold standard; however,

a gold standard with which to benchmark HRQL measures against does not exist. Therefore, it is necessary
to assess the validity of measures of health-related utility using measures that have evidence of construct
validity for that condition, which establishes if patterns in scores confirm constructs or hypotheses about
expected patterns.

We assessed the construct validity of the GPBMs using the ‘known-group’ method. The known-group
method compares the values obtained from the GPBMs between groups of patients who are expected to
differ [qualitatively or statistically using t-test or analysis of variance (ANOVA)] in the construct measured by
the indicator used to define the groups. The known groups in this context are often defined according to
clinical severity using other measures. It should be noted that the usefulness of these comparisons can be
limited by sample size, particularly as studies are usually not powered to detect differences according to
preference-based measures. In addition, consideration must be given to the appropriateness of the clinical
measure and the groups defined by it, and exogenous factors that may influence HRQL. For instance,
groups defined solely by the presence of a biomarker may have no impact on HRQL. If patients have a
number of comorbidities, then these may have a greater impact on HRQL than the condition of interest.
Known groups can also be defined using a case—control analysis in which comparison is between

patient and general public population, or defined on the basis of other aspects such as age, gender or
countries. However, a more stringent test is to define known groups based on different levels of condition
severity (for example, by using a clinical indicator).

We also examined convergent validity, which is a type of construct validity. Convergent validity is defined
as the extent to which one measure correlates with another measure of the same or similar concept. In
this review, we examined the extent to which the EQ-5D, SF-6D or HUI3 correlate with other measures of
Qol or clinical severity. Correlation was defined as ‘low’ if correlation coefficient was < 0.3, ‘moderate’ if
between 0.3 and 0.5 and ‘strong’ if >0.5. Correlations need to be interpreted with caution as it is not
always clear how strong the relationship between the generic and condition-specific indicators should be.
Furthermore, we interpreted estimation of regression between GPBMs and other measures as another
indication of a correlation, focusing on whether some measures were significant predictors of others.
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Assessment of responsiveness

Responsiveness assesses the ability of an instrument to measure a change in health-related utility over
time. As with construct validity, the measurement of responsiveness is difficult as there is no gold standard
measure with which to compare. Nevertheless, we assessed the responsiveness of health-related utility
measures by comparing change in health-related utility measured over a period of time in which health
status is expected to change (e.g. before and after an intervention) with the change demonstrated by
another measure of health. For inclusion in the assessment of responsiveness, the comparator measure
must have demonstrated a change in health. We did not review data from studies outside of the review
relating to responsiveness of the comparator measures. Good evidence of responsiveness is considered
where the GPBM shows statistically significant change in health (e.g. t-test) shown by other measures or
clinical indicators. Weaker evidence of responsiveness is considered where the same trend of change is
shown but the change is not statistically significant. When responsiveness indices for estimates of
health-related utility are reported [e.g. effect size (ES) or standard response mean], they were compared
with other measures. ES is the mean change in score of a measure between two different time points
divided by the SD of the score at baseline. Standardised response mean is the mean change score of a
measure between two different time points divided by the SD of the change score. As for the tests of
validity, it is important to consider whether the measures of health change that are being used to

assess responsiveness are valid. In addition, it is important to consider whether other health changes
not directly related to the condition could have impacted upon health-related utility (e.g. side effects

of treatment).

Presentation and analysis

Data for each of the four conditions are presented separately. Information on the study design, participant
characteristics and the measures included are reported. Within each of the broadly defined conditions,
there is a range of underlying aetiologies with different symptoms. The results for visual disorders, skin
diseases and cancers are therefore presented for subgroups defined according to type of condition.
Subgroups are not presented for hearing impairments as the studies were mainly defined according to the
presence or absence of hearing loss and/or extent of hearing loss. For each condition, a summary table is
presented which reports an overview of the conclusions drawn from each paper for each of the types

of assessment.

Search results: vision

Bibliographic searching was completed in August 2010 and total of 1025 potentially relevant papers
were identified. Abstracts and titles for all papers were screened to identify papers meeting the
inclusion criteria; 969 records were excluded and full papers were ordered for the remaining 56 records.
After reviewing the full papers, 25 were excluded and a total of 31 papers were included in the review.
A flow chart of the study selection process is shown in Figure 1.

Quality assessment: vision

A range of recruitment procedures were reported. Some were retrospective analyses of data sets with
predetermined inclusion criteria,>3° some were case—control analyses,*”° and the majority were
cross-sectional observational studies.??3#3%4%52 The only randomised controlled trial (RCT) had well-defined
inclusion criteria.>® Response rates for questionnaires ranged from 33% to 96%, with completion rates of
longitudinal studies >85% in all but one study* (range 52-98%). No study was excluded after the
assessment of quality.
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FIGURE 1 Flow diagram showing selection of studies: vision.

Study design and patients' characteristics: vision

Summary characteristics of the 31 studies are presented in Table 2. Thirty of the 31 studies were
observational studies??34363940-52.34°64 gnd the remaining study was a RCT.>® The studies were

conducted in different countries including the UK, the USA and Canada and some were multicountry
studies. The studies identified included a wide range of visual disorders. Five studies were in patients
with glaucoma,?*#4¢>* seven studies were in patients with age-related macular degeneration

(AMD), 224347495536 ajght studies included patients with cataracts,?*3357->% two studies were on patients
with diabetic retinopathy,*>*° three were on patients with conjunctivitis®'®%°' and the remaining studies
included people with various other visual conditions.*041-52.62.63.64

TABLE 2 Characteristics of included studies: visual disorders

Study reference

grouped by condition

(author, year) Disease/treatment stage Study type

Glaucoma

Aspinall et al., 2008* UK Glaucoma and no other ocular 72 Cross-sectional
comorbidity

Kobelt et al., 2006 Sweden Ocular hypertension or 109 Cross-sectional
open-angle glaucoma

Mittmann et al., 20013 Canada Glaucoma - a subset from a study 137 Cross-sectional
on a range of chronic conditions

Montemayor et al., 20014 Canada Chronic open-angle glaucoma, 224 Cross-sectional
normal-pressure glaucoma
or suspected glaucoma
with treatment

Thygesen et al., 2008 Multiple Late-stage primary open-angle 162 Case review

glaucoma

NIHR Journals Library www.journalslibrary.nihr.ac.uk



DOI: 10.3310/hta18090

HEALTH TECHNOLOGY ASSESSMENT 2014 VOL. 18 NO. 9

TABLE 2 Characteristics of included studies: visual disorders (continued)

AMD

Cruess et al., 2007%
Espallargues et al., 2005%
Kim et al., 2010

Lotery et al., 2007*®

Payakachat et al., 2009*°
Ruiz-Moreno et al., 2008°¢

Soubrane et al., 20074

Cataracts

Asakawa et al., 20083

Black et al., 2009%”

Conner-Spady et al., 2005>®
Datta et al., 2008

Jayamanne et al., 1999%°
Polack et al., 2007
Polack et al., 2008%®

Polack et al., 2010%*
Diabetic retinopathy

Lloyd et al., 2008

Smith et al., 2008°°
Conjunctivitis
Pitt et al., 2004%°

Rajagopalan et al., 2005

Smith et al., 2005°"
Other visual disorders

Boulton et al., 2006%°

Clark et al., 2008

Kempen et al., 2003%°

Langelaan et al., 2007

Quinn et al., 2004%
van Nispen et al., 2009>*

Canada
UK
Korea

UK

Multiple
Spain

Multiple

Canada

UK

Canada

UK

UK

Kenya
Bangladesh
Philippines

UK

USA

UK
Multiple

Spain

UK

Australia

USA

Netherlands

USA

Netherlands

Neovascular AMD
Wet or dry AMD

Bilateral subfoveal
neovascular-AMD

Wet AMD

Bilateral neovascular AMD

Neovascular AMD

With or without other
comorbidities

First or second eye

Bilateral cataracts in participants
over 70 years of age

First Eye

Participants over 50 years of age

Diabetic retinopathy due to
diabetes

Type 2 diabetes

Non-Sjogren’s keratoconjunctivitis
or Sjégren’s syndrome

Vision impairment or
blindness in children

Postcataract surgery
endophthalmitis

Cytomegalovirus retinitis in
patients with acquired
immunodeficiency syndrome

Low-vision patients
Retinopathy of prematurity

Vision impairment in older people

67
209
625

75

154
89

401

911

860

253
289

144
196
217
401

122

401

310
210

401

100

49

961

120

244
296

Cross-sectional
Cross-sectional
Cohort

Cross-sectional

Cross-sectional

Prospective
case—control

Cross-sectional

Cross-sectional
Prospective
cohort

Cohort

Secondary
analysis of RCT

Prospective
Case—control
Case—control

Case—control

Cross-sectional

Cross-sectional

Cohort

Cross-sectional

Cohort

Cross-sectional

Cohort

Prospective
cohort

Cross-sectional
Cohort

Observational

© Queen'’s Printer and Controller of HMSO 2014. This work was produced by Longworth et al. under the terms of a commissioning contract issued by the Secretary of State for
Health. This issue may be freely reproduced for the purposes of private research and study and extracts (or indeed, the full report) may be included in professional journals
provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising. Applications for commercial reproduction should be
addressed to: NIHR Journals Library, National Institute for Health Research, Evaluation, Trials and Studies Coordinating Centre, Alpha House, University of Southampton Science

Park, Southampton SO16 7NS, UK.

11



12

PSYCHOMETRIC PROPERTIES OF GENERIC PREFERENCE-BASED MEASURES OF HEALTH

The inclusion criteria varied across the studies reviewed within each of the specific conditions. Some
studies reported that patients were identified through case notes, but no more details are provided. It was
noted whether AMD was bilateral or unilateral and wet or dry, whether cataracts were present in the

first or second eye and whether glaucoma was primary or multiple. Sample sizes also varied across studies,
ranging from 49%* to 961.%* One study*® included children with a mean age of 6 years and used HUI3. The
authors reported that the HUI system had been used in a previous study of young children with a range
of impairments similar to those included in their study, although it should be noted that this did not refer
specifically to the HUI3 at that time. All other studies included adult patients and the AMD studies
included patients over 70 years.

Measures used in studies: vision

Table 3 summarises the measures that have been used in the 31 studies included in the review. For the
three GPBMs of interest, the EQ-5D was reported in 27 studies?*3’3%41%3 and therefore was the most
commonly utility measure, six studies reported the HUI3?23%3849428% gnd only one study reported the
SF-6D.?2 Ten studies also reported direct valuations of patients' own health states using methods such as
the TTO or VAS 22444531.5863 Tyyenty-three studies reported visual acuity (VA)?2-3437-39.41-50.32-55.58.61.63.64 1
indicate visual severity. In addition, various patient-reported visual-specific QoL measures were used.

Reliability: vision
No tests of reliability were performed on the generic preference-based measures.

Known-group analysis and convergent validity: vision

Known-group analysis was performed in 24 studies:?23436-4547751:54.56.60-64 9§ for EQ-5D,2%37-39.4174247°31.,54,
26.60-63 five for HUI3,?*364%4254 byt no studies for SF-6D. In six of the studies, groups were defined by VA,
or by contrast sensitivity, and mean estimates of utility for each defined group were provided.?>#'~435461
The remaining 25 studies had either a case—control design, had different conditions or did not define levels
of severity.

Nine of the 31 studies reviewed provide evidence on correlation or regression between GPBMs with either
each other or with visual measures.?%37-3844.46.30.52-54 Fight studies report evidence of convergent validity in
EQ-5D compared with a visual measure,3’-384446:30.52-34 \wjith Espallargues et al.?? also reporting correlations
across EQ-5D, SF-6D and HUI3. Details of the data are summarised in Appendix 3 and below by type of
vision disorder.

Glaucoma

Known-group analysis Three studies of people with glaucoma allowed a known-group analysis for
EQ-5D where groups were defined by severity of vision problems.***>5% The studies by Aspinall et al.** and
Kobelt et al.** found that EQ-5D utility values decreased with increasing glaucomatous damage but were
not statistically significant. The study by Thygesen et al.>* defined three groups on the basis of the Snellen
score and the ordering of mean utility values were consistent and statistically significant. No such data
were available for HUI3 or SF-6D by severity groups. However, one paper reported HUI3 in a case—control
study, which showed an appropriate and significant difference in HUI3 values between the cases

and controls.>

Convergent validity Three studies reported correlation statistics for EQ-5D with VA in patients with
glaucoma.***¢>* Aspinall et al.** reported moderate and statistically significant correlations for the EQ-5D
measure and the mobility, self-care and anxiety dimensions. The study by Thygesen et al.>* also showed
a significant correlation between VA and EQ-5D. However, Montemayor et al.*® reported low and
non-significant correlations for EQ-5D with VA.
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Age-related macular degeneration

Known-group analysis In studies of people with AMD, all seven?#4347-49:3535 pnapers provided evidence to
allow an assessment of construct validity of the EQ-5D. Of these, five?*#348495> differentiated between
groups based on severity of vision disorder and three***”*® included assessments of cases against controls.
Three studies defined visual severity groups: two*>** in terms of levels of VA and the other® based on
whether they had unilateral or bilateral AMD. Soubrane et al.** showed inconsistency with the mean
estimates, with normal VA having a worse mean utility when compared with mild, moderate, severe and
near blind utility values. The anxiety dimension of the Hospital Anxiety and Depression Scale (HADS) was
also inconsistent between the normal and mild VA groups, but this inconsistency was not shown in the
Visual Function Questionnaire-25 (VFQ-25). The study did, however, report a significant difference of
utility values between those with neovascular AMD and the control group. Kim et al.>> found a
statistically significant difference in EQ-5D values between those with unilateral and bilateral AMD.
Espallargues et al.?* found a consistent relationship between VA and contrast sensitivity with HUI3, SF-6D,
TTO and VAS but not EQ-5D.

Of the three case—control studies, two found that EQ-5D showed an appropriate and statistically
significant reduction in HRQL for people with AMD compared with general population controls.***® One
reported a difference that was not a statistically significant difference, but the difference was in the
appropriate direction.*’

Convergent validity Three studies provided correlation statistics between generic and visual measures
in patients with AMD and all showed poor correlation of EQ-5D with other measures.?***® Espallergues
et al.** found that the VAS, TTO, HUI3 and SF-6D were all significantly correlated with both VA

and contrast sensitivity. However, they did not find significant correlations for EQ-5D with VA or
contrast sensitivity.

Cataracts

Known-group analysis Four®®7° of the seven®’73°33>775% studies in patients with cataracts provided
evidence to allow an assessment of the construct validity of the EQ-5D%"2° and HUI3.3® Three case—control
studies conducted in different countries by Polack et al.?>’*° found that there were significant differences in
EQ-5D between cases and controls, and found that cases were likely to report a significant difference
across all dimensions (except pain dimension in Polack et al.*¥). However, Polack et al.*® reported an
inconsistent association between EQ-5D and VA.

One study reported HUI3 values for cases and controls and identified a statistically significant and
appropriate difference between the two groups.®

Convergent validity Four studies provided evidence of the convergent validity of the EQ-5D with

VA 3773953 Polack et al.?’"* tested associations between EQ-5D and VA, with one study finding that poorer
VA was associated with higher odds of reporting any problem with all EQ-5D dimensions apart from
anxiety.?” The other two studies found no significant associations between VA and EQ-5D dimensions,
apart from a borderline association with self-care.?®*° Datta et al.>® did not find significant correlations for
EQ-5D with VA.

Diabetic retinopathy

Known-group analysis Two studies reported EQ-5D identifying a statistically significant difference
between the two extreme groups; however, the differences between neighbouring groups were not
significant and frequently inconsistent.***° In the study by Lloyd et al.** the inconsistencies were also
shown in VAS ratings of patients' own health and the HUI3. This may be the result of small sample size or,
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as the authors speculate, it may be the result of a loss of independence of the participants when they
reach that level of severity.*?

Convergent validity Smith et al.*° fitted a linear regression and found visual angle to be a predictor

of EQ-5D utility values. They also fitted a non-parametric ordinal logistic regression and this estimated that
any degree of visual impairment would result in an increased likelihood of reporting non-perfect

utility values.

Conjunctivitis

Known-group analysis All three studies allowed an assessment of construct validity of the EQ-5D in
people with conjunctivitis. Two were case—control studies and showed a statistically significant difference
between cases and controls.®®°' One study demonstrated a difference between groups defined according
to severity.>' Within the dimensions of the EQ-5D, the study by Pitt et al.?° found the pain dimension to be
the only dimension to show a statistical difference. However, Smith et al.®" reported a significant
difference across all dimensions except mobility. No studies provided evidence on the construct validity of
the HUI3 or SF-6D.

Convergent validity No papers reported on convergent validity of the measures in patients
with conjunctivitis.

Other visual conditions

Known-group analysis The remaining six studies were in unique visual conditions.*%4">262764 Three of
these studies allowed an assessment of the construct validity of the EQ-5D*'%%%% and two of the HUI3.4%%*
Clark et al.®? and Kempen et al.®® reported an appropriate, but non-significant, difference in the EQ-5D
between the control group and those with endophthalmitis and cytomegalovirus, respectively.

Langelaan et al.*' undertook a study on visually impaired patients and identified an appropriate, but
non-significant, difference in the EQ-5D between low and high visual field groups, but an inconsistent

and non-significant difference in the EQ-5D between low- and high-VA groups.

Boulton et al.*° and Quinn et al.** found the HUI3 identified statistically significant and appropriate
differences between groups of patients with unspecified blindness/visual impairment.

Convergent validity A study by van Nispen et al.** reported a multivariate regression analysis of
data from older patients with visual impairment. They found that worsening VA was a significant risk
factor for a lower EQ-5D value.

Responsiveness

Only three studies reported responsiveness of the utility measures in visual disorders (Appendix 4).55>7-8
Kim et al.>> reported a statistically significant improvement in both the Visual Function Questionnaire

(4 dimension) (VF-4D) and the EQ-5D after photodynamic therapy in patients with AMD. Black et al.”’
reported a statistically significant improvement in both the Visual Function Questionnaire (14 item) (VF-14)
and the EQ-5D postcataract surgery, although the latter was relatively small. Conner-Spady et al.>®
reported a statistically significant improvement in the Visual Function Assessment (VFA) and VA post
cataract surgery, but the subsequent mean improvements in EQ-VAS and EQ-5D were small and not
statistically significant. This may suggest that the EQ-5D is not responsive in this population; however, it
should be recognised that the study was not initially powered to identify statistically significant changes
and a mean improvement was identified. In addition, the VAS did not change from pre to post treatment;
therefore, the treatment may not significantly impact on HRQL.

NIHR Journals Library www.journalslibrary.nihr.ac.uk



VOL. 18 NO. 9

Summary of results for visual review

The 31 studies included in this review show a worsening of utility values as visual impairment

increased in many though not all studies. The magnitude and statistical significance of the association
varied between different GPBMs of HRQL. Table 4 shows an overview of performance of utility measures in
visual impairment.

The largest amount of evidence was found for the EQ-5D compared with the other generic measures and
the results were mixed. Nearly all studies showed significant differences between patients with the
condition and a control group. Studies comparing EQ-5D scores across severity groups were more mixed,
with the majority of studies showing little or no difference between groups defined by clinical measures of
visual impairment. No studies allowed an assessment of reliability for any of the measures. There were

just three studies on responsiveness. and all were in the form of before-and-after studies of an
intervention.>**”*® These identified changes consistent with an effective intervention, but differences were
statistically significant in only two of three studies.>>*” The assessment of convergent validity was also
concerning, with half of the studies not demonstrating a statistically significant correlation with clinical
measures. While there was less evidence for the HUI3, all but one study** demonstrated good validity;

no studies assessed responsiveness. There was very limited evidence on the SF-6D in patients with

visual impairment.

Search results: hearing impairment

Bibliographic searching was completed in July 2010. The search strategy identified 119 articles. After
reviewing titles and abstracts, 70 papers were excluded. Forty-nine papers were reviewed in full, and a
further 31 were excluded and 18 papers were included in the final review. A flow chart of the study
selection process is shown in Figure 2.

Quality assessment: hearing impairment

A range of study designs was reported in the studies included in the review. Three studies were
cross-sectional®*®” but the majority were prospective or retrospective before-and-after studies.?'?35878
Studies had well-defined inclusion/exclusion criteria for recruitment. For longitudinal studies, no study had
extremely high levels of missing data and completion rates for patients in studies ranged from 60%°® to
100%.%° The completion rates for the instruments included were usually high, ranging from 71%°” to
97% 2% The reporting in these papers was reasonably clear. After quality assessment, no studies were
excluded from the review.

Study characteristics: hearing impairment

The main characteristics of the 18 papers included in this review are shown in Table 5. The two papers by
Joore et al.”"’? and the two papers by Joore”7* reported the results of one specific study and, similarly,
the two papers by Vuorialho et al.””’® reported a single study. In total, 14 separate studies were included
in the review. The studies were undertaken in a range of countries, including the UK, the Netherlands, the
USA, Canada and Finland. Some studies recruited patients with specific hearing problems, e.g. large
vestibular aqueduct syndrome,? but most were for defined the sample using clinical indicators such as
the better ear unaided pure-tone average (PTA). As shown in Table 5, the level of hearing loss varied
between studies.

The sample sizes of the studies reviewed ranged from 20 to 3272.%°> Most studies had approximately

100 participants, but two studies only had approximately 20 participants.®®”® Five studies included young
children with hearing impairments (the mean age of the samples ranged from 7 to 9 years),*>°%7%%° and
the remaining studies included adults, with most focusing on older adults over 60 years of age. The studies
involving children used parents or caregivers as proxies to assess HRQL of children.
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FIGURE 2 Flow diagram showing selection of studies: hearing impairment.

TABLE 5 Characteristics of the studies included in the review: hearing loss

Barton et al., 2005

Barton et al., 2006%°
Damen et al., 2007°%°

Grutters et al., 200723

Hol et al., 20047°

Joore et al., 2002,
2002,7* 2003,7> 2003”2

Palmer et al., 19997°
Vuorialho et al.

2006,77 200678
Lee et al., 20067°

Bichey et al., 20028

Cheng et al., 2000%°

Sach and Barton,
20077°

Lovett et al., 2010°%

Smith-Olinde et al.,
2008

UK

UK

Netherlands

Netherlands

Netherlands

Netherlands

Canada and

USA

Finland

South

Korea

USA

USA
UK

UK

USA

Hearing impaired

Hearing impaired

Postlingual
deafness

Hearing impaired
Conductive or
mixed hearing loss

First-time
hearing-aid users

Severe to profound
hearing impaired

First-time hearing
aid user over 60

Postlingual
deafness

Large vestibular
aqueduct syndrome

Profoundly deaf

Hearing impaired
children

Profoundly deaf
Permanent

childhood hearing
loss

Hearing aid 609
(analogue and digital
signal-processing)

Cochlear implant 3272
Cochlear implant 83
Hearing aid 337
Bone-anchored 56
hearing aid

Hearing aid 126
Cochlear implant 62
Hearing aid 101
Cochlear implant 26
Cochlear implant and 20
hearing aid

Cochlear implant 140
Unilateral cochlear 222
implant

Cochlear implant 50
(bilateral and unilateral)

Cochlear implant 146

Prospective
before-and-after

Cross-sectional

Prospective
before-and-after

Prospective
before-and-after

Prospective
before-and-after

Prospective
before-and-after

Prospective
before-and-after

Prospective
before-and-after

Retrospective
before-and-after

Retrospective
before-and-after

Retrospective

Retrospective
before-and-after

Cross-sectional

Cross-sectional
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Measures: hearing impairment

Table 6 summarises the measures used in the 18 papers.?'2>55-8 Eleven papers reported EQ-5D,2"4370-74.76-79
10 reported HUI3?':23:65-69.757980 gand one used the SF-6D?' (alongside EQ-5D and HUI3). Among those
studies that used EQ-5D, most reported the EQ-5D index based on the tariff of UK population values. In
two cases, it was unclear which tariff of population values had been used.”"’”” Three papers also reported
responses on the EQ-5D dimensions alongside the utility values.””* A total of 11 papers reported patients'
rating of own health using VAS®¢797476-80 and two used TTO methods.”®®° A total of seven studies
employed self-reported hearing-specific HRQL measures®®5%-717477.78 and seven studies reported clinical
indicators to indicate severity of hearing impairment,?*#3¢7-%7577 including PTA for the best or worst ear
without hearing aid and speech identification tests.

Reliability: hearing impairment

The review found little evidence on the reliability assessments of EQ-5D, HUI3 and SF-6D in hearing
impairment. No papers reported test-retest experiments. Although not specifically for test-retest reliability
purposes, one study’' reported EQ-5D responses and VAS indices at baseline and asked respondents to
recall them 3 months after a hearing aid fitting. The authors did not find any significant difference
between the baseline assessment and the recalled assessment of baseline health for EQ-5D.

Known-group analysis and convergent validity

Out of the 18 papers included in the review, seven papers provided information to enable an assessment
of the validity of EQ-5D, HUI3 or SF-6D,**>%8757¢ although most studies were not designed to examine
the validity of these measures.?>55%87576 The results are summarised in Appendix 5.

Known-group analysis
Seven studies presented data to allow an assessment of known-group differences of HUI3 and EQ-5D
where the groups were defined by the severity of hearing loss.

Assessment for EQ-5D Using ANOVA, the study by Grutters et al.?*> demonstrated that EQ-5D failed to
detect significant differences by hearing loss severity whereas HUI3 showed a difference. Sach and
Barton’® found that EQ-5D differentiated the group with the most severe hearing loss but not groups
defined by milder levels of deafness.

Assessment for Health Utilities Index Mark 3 Barton et al.®® reported that HUI3 mean scores were
different between moderate, severe, profound and implanted groups but no statistical test was reported.
Palmer et al.”®> showed that HUI3 showed significant difference between people with and without hearing
aids at two follow-up time points. Similarly, HUI3 discriminated two groups of patients with cochlear
implant and with normal hearing aids where the hearing loss of these two groups was different according
to their PTA.%® In a study comparing HUI3 and the quality of well-being scale (QWB) in hearing loss, both
scores declined with the degree of hearing loss for children who did not have a cochlear implant with a
much greater extent for HUI3 than QWB.®” Another study found that the HUI3 differentiated between
groups defined according to unilateral or bilateral implantation but this was not significant as suggested by
the speech measure.®® However, this finding was also reflected in the VAS measure and might reflect that
the additional impact of bilateral implantation in this group and the sample size was small.

Convergent validity

Four studies presented data for an assessment of convergent validity of EQ-5D and HUI3.2"23%>%° HUI3
showed moderate correlation with two speech perception tests, which was consistent with a hearing
specific QoL measure that also showed similar results.®® Barton et al.®® reported a regression analysis and
showed that for cochlear implant (grouped by age at implantation and duration of use), the average of
pure-tone air-conduction thresholds at different frequencies in the better hearing ear and gender were
significant predictors of HUI3 in a large cross-sectional study.®® Grutters et al.>* reported a moderate
correlation between EQ-5D and HUI3 and Barton et al.?' reported strong correlations between EQ-5D,
HUI3 and SF-6D in their study.
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Responsiveness
Twelve papers?!23:66:69-7274.77-80 inyglved a total of nine studies that provided adequate information to allow
an assessment of responsiveness of EQ-5D, HUI3 and/or SF-6D (see Appendix 6).

Assessment of EQ-5D

Six studies reported evidence to assess the responsiveness of EQ-5D.2"#370772747779 |n most of these studies,
no statistically significant changes before and after the hearing intervention were detected?*’°’#7””7® and
the ES where reported were very low. However, for these studies, statistically significant improvements
were shown in VAS scores or condition-specific measures or SF-36 social functioning domain.

Assessment of Health Utilities Index Mark 3 Six studies reported the responsiveness of HUI3.2'-23:66.69.79.80
Grutters et al.?* found that HUI2 and HUI3 detected statistically significant change after cochlear implant
fitting. The study by Lee et al.”” demonstrated that the increases in EQ-5D, VAS, HUI3 and QWB scores
following cochlear implantation were all statistically significant. The results suggest that the EQ-5D

was responsive in capturing larger improvements in hearing, as in the study by Lee et al.,”® but was not
able to capture the smaller levels of improvement shown in the study by Grutters et al.”

Cheng et al.®° found that the change in HUI3 overall score was higher than the change in both VAS and
TTO scores after cochlear implant fitting, but all changes were statistically significant. Only the change in
scores on the hearing and speech dimensions of HUI3 were significant and the change score was greatest
for the hearing dimension, while scores on other dimensions were stable over time. Moderate correlations
between the change scores of VAS, TTO and HUI3 were found.

Assessment of SF-6D Barton et al.?' detected statistically significant differences (p < 0.001) between the
changes in HUI3 and EQ-5D values and between the changes in HUI3 and SF-6D values, but not between
the changes in EQ-5D and SF-6D values.

Summary and conclusion

Overall, the HUI3 was the most commonly used measure in the studies. In all six cases,?*®5%%7> the HUI3
detected a difference between groups defined by their severity of hearing impairment and four®*¢%7%7° out
of five?36069.7980 cases detected statistically significant changes as a result of intervention (Table 7).
Differences picked up by the HUI3 were driven by the hearing dimensions and, in some cases, the speech
and emotion dimensions. On the other hand, the findings of the review suggested relatively poor
responsiveness of EQ-5D in this condition as, in five?*7%727477.78 gyt of six cases,?*7°727477-79 EQ-5D failed
to detect change. The studies that allowed an assessment of known groups using the EQ-5D suggested it
had only weak ability to discriminate difference between severity groups. Only one study involved the
SF-6D; thus, the information is too limited to conclude on its performance.?’ No studies allowed an
assessment of reliability to be made.

Skin conditions

Search results: skin conditions

The bibliographic search was completed in September 2010. The search of electronic databases identified
161 records and two additional records were identified from the EuroQol Group website database.

After reviewing titles and abstracts, 122 records were excluded. Forty-one papers were reviewed in full:

a further 25 papers were excluded and 16 papers were included in the final review (Figure 3).

Quality assessment: skin conditions

Three types of study designs were observed in the review. Eleven studies were RCTs,®'°" four studies
were cross-sectional®®®® and one was an uncontrolled before-and-after study.®® The majority of studies
provided clear inclusion and exclusion criteria, but two did not.?"#? Six papers did not report completion
rates®?8387.8892.% and, among the 10 studies reporting this information, completion rates were
reasonable or high (ranging from 70%2* to 97 %).** The completion rates for specific measures
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FIGURE 3 Flow diagram showing selection of studies for skin review.

(e.g. item non-response) were generally high (above 90%).8%°'°*%> No study was excluded after the
assessment of quality.

Study design and patients' characteristics: skin conditions

The main characteristics of the 16 papers included in this review are shown in Table 8.8'°¢ Studies were
conducted in various European and American countries, with several multinational studies. All but four
studies recruited patients with psoriasis or psoriatic arthritis;®>%892%¢ the remaining studies recruited
patients with acne,®' eczema,®® hidradenitis suppurativa® or venous leg ulcers.®" All studies included adults
(mean age approximately 43 years), and male respondents accounted for 24-71% of the samples.

Sample sizes ranged from 32°' to 27,994,% with most studies including between 100 and

200 participants.

Measures used in studies: skin diseases

Table 9 summarises the measures that have been used in the 16 studies included in the review. Of the
three GPBMs of interest, only those studies reporting EQ-5D were identified and included in the review.
No studies reported data from SF-6D or HUI3. Fourteen studies also reported patients' valuation of their
own health states using VAS 8182:84-89.90-9294-96 (|injca| indices were reported in studies to indicate severity
of skin problems, including the Psoriasis Area Severity Index (PASI) by eight studies,®>"3892947°¢ Nail Psoriasis
Severity Index (NAPSI) by one study,®® and the Acne Grade by one study.?' Various generic measures

[e.g. SF-36, Health Assessment Questionnaire — Disability Index (HAQ-DI), Health Assessment Questionnaire
(HAQ)], skin-specific HRQL measures [e.g. Dermatology Life Quality Index (DLQI)], or symptom-specific
HRQL measures (e.g. HADS, the Depression Inventory) were included in the studies (see Table 9).

Reliability: skin conditions
No study reported data on reliability of the three GPBMs.

Known-group analysis and convergent validity: skin conditions

Thirteen studies of patients with skin conditions provided sufficient evidence to allow assessment of
known-group analysis and convergent validity of EQ-5D?'8>#%-9395% including: 12 known-group
analyses®868893.96 gand seven convergent validity analyses.8#7:8992.95 A suymmary of the findings is
presented below. See Appendix 7 for details.
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TABLE 8 Characteristics of studies included: skin diseases

Study reference

grouped by condition
(author, year)

Country

Plaque psoriasis and psoriatic arthritis

Bansback et al., 2006%

Brodszky et al., 2010°*
Christophers et al., 2010%
Daudén et al., 20098

Van de Kerkhof 2004%

Luger et al., 2009%

Reich et al., 2009%°
Revicki et al., 2008°*

Shikiar et al., 2006

Shikiar et al., 20078

Weiss et al. 200287
Weiss et al. 2006%

Acne

Klassen et al. 2000%

Hidradenitis suppurativa
Matusiak et al. 2010%°
Hand eczema

Moberg et al. 2009%°
Venous leg ulcers

Walters et al. 1999

UK

Hungary
Multiple
Multiple

Multiple

Multiple

Multiple
Multiple

USA and Canada

USA and Canada

USA
USA

UK

Poland

Sweden

UK

Treatment

Methotrexate with and without
ciclosporin A

None
None

Continuous vs. paused
subcutaneously therapy

Two-compound product

(+ ointment vehicle, once daily),
Two-compound product

(twice daily), calcipotriol
(Dovonex®, LEO) (twice daily),
ointment vehicle (twice daily)

Continuous and paused
etanercept therapy

Etanercept

Adalimumab (Humira®, AbbVie),
methotrexate, placebo

Subcutaneously administered
adalimumab vs. placebo

Subcutaneously administered
adalimumab vs. placebo

N/R (only baseline data were reported)

Topical therapy vs. combination
clobetasol solution

Isotretinoin or antibiotic, hormonal,
physical and topical treatments

N/R

N/R

Compression bandaging in a
community clinic setting vs.
usual home-based care by
district nursing services

183
1660
720

828

130

720
54

27994

142

271
147

148

233

35

32

Study type

RCT

Cross-sectional
Cross-sectional

RCT

RCT

Before-and-after

RCT

Cross-sectional

Cross-sectional

RCT

RCT
RCT

RCT

RCT

RCT

RCT

N/R, not reported.

Plaque psoriasis and psoriatic arthritis

Known-group analysis Eight studies provided evidence of known-group validity for EQ-5D among people

with psoriasis or psoriatic arthritis.828>87:9293.% Three studies showed that EQ-5D was able to

discriminate between severity groups on the basis of psoriatic arthritis and psoriasis,®® treatments,®* pain
and nail psoriasis.?® Three case—control studies confirmed that EQ-5D can differentiate between people
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with psoriasis and the general population.®>#>#” Brodszky et al.?* found that the standard mean difference
between groups measured by EQ-5D were comparably lower than measured with the Psoriatic Arthritis
Quality-of-Life Scale (PsAQol) or the HAQ; however, the groups were defined not according to

severity aspects, but according to possible surrogate markers of severity such as admission to hospital or
use of devices.*

Convergent validity Good convergent validity of EQ-5D was found among people with psoriasis

or psoriatic arthritis in four studies.®*##2% Three studies showed moderate or strong correlation between
EQ-5D and other generic or skin-specific measures.?”-9°> Bansback et al.®* suggested that the HAQ
disability index was a significant predictor of EQ-5D.

Other skin conditions
Four studies had sufficient information to allow assessment of construct and convergent validity in various
skin conditions.®'#*"

Known-group analysis In a case—control study, Klassen et al.®" found that people with acne reported
more problems on most EQ-5D dimensions than the general population. Among those with hidradenitis
suppurativa, Matusiak et al.®® found that significant differences according to the severity groups defined

by Hurley's classification groups were suggested by EQ-5D, EQ-VAS, DLQI, the Beck Depression
Inventory-Short Form (BDI-SF) and other measures. Among patients with hand eczema, Moberg®®
suggested that EQ-5D and EQ-VAS significantly differ between groups defined according to whether they
have hand eczema groups, as well as age and gender. For venous leg ulcer patients, Walters et al.®’
reported small ESs for the EQ-5D, EQ-VAS, SF-36 and Frenchay Activities Index (FAI) for patients grouped
on the basis of their initial leg ulcer size, current ulcer duration, maximum ulcer duration and age; however,
the differences were statistically significant only for the EQ-5D, EQ-VAS, FAI and five subscales of the SF-36.

Convergent validity Among those with hidradenitis suppurativa, moderate correlation was reported
between EQ-5D with DLQI and EQ-5D with Functional Assessment of Cancer Therapy — Fatigue module
(FACT-F). Moberg et al.?® found strong correlation between EQ-5D and EQ-VAS among hand eczema
patients, and, similarly, Walters et al.°' found moderate to high correlations with SF-36 subscales.

Responsiveness: skin conditions

A total of 10 studies provided evidence to allow assessment of responsiveness of EQ-5D in skin

diseases 81-82:84-868891.94-9 Among them, eight studies included people with psoriasis or psoriatic

arthritis, 82848688949 gne study included people with acne®' and one study focused on venous leg ulcers.®’
Ten studies examined changes of scores over time or after treatment,?' 8284868891949 gnd two provided
details of ES or standard response mean estimation.®™°" One study checked the correlation between
change scores of health measures with changes in clinical measures® (see Appendix 8).

Plaque psoriasis or psoriatic arthritis

All eight studies among people with psoriasis or psoriatic arthritis confirmed that EQ-5D was responsive to
change in health over time in these conditions.3284-8889496 Daydén et al.® reported that consistent with
EQ-VAS, DLQI, HADS-anxiety subscale and the SF-36 vitality dimension, EQ-5D values improved
significantly and clinically meaningfully from baseline for both treatment groups. Luger et al.*®
demonstrated that EQ-5D values improved significantly (by 29%), as did scores from the EQ-VAS, DLQI,
the SF-36 vitality dimension, HADS-depression subscale and HADS-anxiety subscale among patients with
joint pain; however, the improvement reported using EQ-5D was not significant for patients with nail
psoriasis, whereas improvement using the other measures was significant.®® Reich et al.®® reported that, at
both follow-up time points, the group who received active treatment achieved significant improvement
compared with placebo, measured using EQ-5D, EQ-VAS, FACT-F and DLQI (both total and domain
scores). Similarly, Revicki et al.** reported that a statistically significant improvement was detected for
treatment groups by EQ-5D, DLQI and PASI and the difference between treatment and placebo groups
was significant. Shikiar et al.®¢°> also confirmed that the two treatment groups improved significantly more
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than placebo, measured using EQ-5D, EQ-VAS, DLQI, and most SF-36 domains. Weissi et al.®®
reported that, after 2 weeks of therapy, scores of EQ-5D, EQ-VAS, PASI, body surface area (BSA) and
self-administered PASI (SAPASI) all improved significantly. Van de Kerkhof® showed that a significant
improvement was detected by EQ-VAS, Psoriasis Disability Index, and the pain/discomfort and
anxiety/depression dimensions of EQ-5D, although no statistical tests were reported.

Acne
Klassen et al.®' reported that EQ-5D detected a significant change after treatment and this was consistent
with SF-36 physical component summary score and DLQI. A moderate ES for EQ-5D was reported.

Venous leg ulcers

Walters et al.°" reported mixed results in a study of compression healing of venous leg ulcers in different
settings. When patients were grouped according to the status of the leg ulcer healing at 3 months, both
EQ-5D and SF-36 showed deterioration in health status, but this conflicted with data from the VAS and
the Short Form McGill pain questionnaire (SF-MPQ).

Summary and conclusion: skin conditions

The overall performance of EQ-5D among skin diseases is summarised in Table 70. Overall, there was
evidence to suggest that EQ-5D is appropriate in terms of construct and convergent validity, as well as
responsiveness in some skin conditions. All six studies showed that EQ-5D was able to reflect differences
between severity groups®+#9-21939 and only one was not significant.’’ EQ-5D was shown to be able to
significantly differentiate between patient and general populations in four case-control studies®>#5%¢ (one
study did not report statistical tests),®* as well as groups defined by other aspects rather than severity.
Moderate to strong correlations were found between EQ-5D and other measures. Ning®':828486:8894-96
of 10 studies?®!828486:8891.9496 demonstrated that EQ-5D was able to detect change appropriately over time.
Among these, only one study did not demonstrate a statistically significant difference.®* ‘Skin conditions’
were defined in very broad terms for the purpose of the review and incorporate a range of conditions,
each of which can affect different aspects of patients' QoL. Most of the studies identified were conducted
for patients with psoriasis or psoriatic arthritis. Evidence was limited or unavailable for other skin
conditions; however, the limited data available were generally positive. No studies reported evidence for
HUI3 and SF-6D and no studies allowed an assessment of reliability for any of the measures.

Search results: cancer

Bibliographic searching was completed in August 2010. A total of 5223 potentially relevant papers were
identified. Overall, a total of 5000 papers were excluded following screening of title and abstract. Full
papers were reviewed for the remaining 223 records which met the inclusion criteria. After reviewing the
full papers, 125 were excluded and a total of 98 papers were included in the review. A flow chart of the
study selection process is shown in Figure 4.

The 98 papers were grouped according to 20 different types of cancers. These included 18 papers on
non-specific cancers,®”''* 11 each for colon cancer''>"?* and cancer survivors,'?7'3¢ 10 for breast
cancer,'®’7'% eight for gastric cancer'”">* and seven for prostate cancer,’*'®" and a small number of
papers for brain,’®*'% cervical,'®* ' kidney,"®*""" lung'®"7%73 and other cancers'0’.124 1747188

(Table 11 gives details). As different cancers affect HRQL in different ways, the following sections present
data according to the different types of cancer.

Quality assessment: cancer

A range of study designs were observed in the review. Some were cross-sectional studies,'?#7799.102.103.106-108,
114,115,121,126,128-130,133,137,138,147,148,151,152,156,161,163,164,173,183,184,189 OtheI’S were before'and‘after Studies110,112,116,117,120,
123,139,140,145,190 or COhOF't Studies100,141,142,155,157,158,160,162,191 and many were RCTS.HS,‘I19,122,125,132,136,143,144,146,149,150,
153,154,159,161,165,166,168-171,176,177,180-182,188,192.193 \ost RCTs had clear inclusion and exclusion criteria and
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FIGURE 4 Flow diagram showing selection of studies: cancer.

TABLE 11 Number of papers included in the review by type of cancer

Non-specific 18
Brain 2
Breast 10
Cervical 4
Colon 11
Gastric 8
Hodgkin's lymphoma 2
Kidney 5
Leukaemia and related 3
Liver 3
Lung 2
Lymphoma 3
Lymphoma/leukaemia 2
MM 2
MM/lymphoma 1
Musculoskeletal 1
Pancreatic 1
Prostate 8
Spinal metastases 1
Survivors 11
Total 98

MM, multiple myeloma.
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appropriate and explicit methods of randomisation. In some studies, the inclusion criteria were not clearly
reported, which occurred mainly for studies of non-specific cancers.®”~'%°

Response rates varied between studies. Completion rates for breast cancer studies ranged from 74%'*'
to 99%'** and for colon cancer ranged from 67% '™ to 90%.'*° No study was excluded after the
assessment of quality.

Study characteristics: cancer

General characteristics of the 98 studies are presented in Table 712. These studies were divided into 20
subgroups according to different types of cancer. Thirty-three studies were cross-sectional analyses,®”-9%1%%
103,106-108,114,115,121,126-130,133,137,138,147,148,151,152,156,161,163,164,173,181-184,189 24 were RCTS 118,119,122,125,143,144,146,149,150,

153,154,159,165,166,168-171,176,177,180,188,192,193 24 were before'and'after or |Oﬂg|tudlna| Studie599,101,105,109,111—113,116,117,
120,123,125,140,145,154,162,167,172,174,178,179,185,187,190 and n|ne were COhOI’t StudieS.100’104'141’142'155’157'158’160’191

Most groups included a mixture of study designs, exceptions were kidney cancer's8169170.171.193 gnd
lymphoma'””:'88192 which were all RCTs and both lung cancer studies'®'”® had cross-sectional designs.

The selected studies were conducted in different countries across Europe, Asia and North America and
eight were multinational studies.'®146.157.168-171.193 \/arioys treatments were included in the studies
including types of surgery,""”'*' radiotherapy and chemotherapy,'®*'3”:"%27> other medicines and
supportive care interventions or referral.''®14316516¢ Most studies included adults, but some were collected
data from children using HUI including studies of brain cancer,'®® Hodgkin's lymphoma,'®>'%° and a

couple of the studies where recruitment was not limited to a specific type of cancer 9899105107

The inclusion criteria for recruiting patients varied across the studies reviewed and within each type of
specific cancer. Some studies recruited patients according to specific stages of cancer patients, for example
primary tumours,'®? stage Il and Ill breast cancer with poor prognosis,*° tumour stage |, Il and Ill breast
cancer™* and advanced colorectal cancer.'” Some studies involved patients after screening, for example
studies of screening for cervical cancer.'® "%’ For these screening studies, some of the respondents would
be asymptomatic and therefore the GPBMs and other measures may not be expected to reflect

differences between patients with and without cancer. Sample size varied across studies, ranging from
18" to 113,587.%

Measures: cancer

Table 13 summarises the measures that have been used in the 98 studies included in the review. For the
three GPBMs of interest, EQ-5D was the most commonly used and was reported by 71 studies. 28100101
103-107,110-123,128,129,137-140,145-154,143,144,156-160,164-173,175-177,179-184,186,188,192-194 Twenty_four StUdIeS reported
HU|2/HU|399,108,109,126,127,130,1317136,141,142,155,161,162,163,174,178,1857187,190 and Oﬂ|y three StUdIeS reported
SF-6D.%81471%¢ Two studies’®"'*® used EQ-5D and HUI3 alongside other measures and another three
studies® "% yse both EQ-5D and HUI3 alongside other cancer-specific measures. Fifty-eight studies also
reported patients' ratings of their own health status using VAS®7:98100-104.106-109,111,112,114-118,120-123,129,137-140,
142-145,148,149,151-155,159,164-166,168-172,175,177,179-181,183-185,190,193,194 and ValuannS Of own health were reported in
three studies using TTO'®""*%7% and in one study using the SG method.'®" Five studies also reported
generic measures SF-12 or SF-36.720141.164.173.184 A wyide range of cancer-specific measures of health were
used, including the most commonly used European Organization for Research and Treatment of Cancer
Quality_of_“fe Questionnaire (EORTC QLQ) in 26 Studies100,‘|01,111,1‘|5—117,121,124,128,129,1444146,147,149—151,153,154,
172,179,180,182,183,188,192,193 and the FACT |n 13 Studies.102,103,105,106,114,1’\8,120,123,129,143,171,176,190 A range Of o-ther
measures were reported, including variations of the previously mentioned cancer-specific HRQL

measures such as the EORTC QLQ-Core 38 (EORTC QLQ-C38), staging of cancer progression using various
staging systems and other measures of symptoms or aspects of health such as the HADS (see Table 13 for
details). Many studies used multiple measures and did not always give consistent results, which make
conclusions regarding concordance with results from the GBPMs more difficult to interpret.
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Conner-Spady et al., 2005'%°
rvica

Study reference
grouped by condition
(author, year)

Brain cancer

Le Gales et al., 1999'¢
McCarter et al., 2006'%
Breast cancer

Chang et al., 2004+
Conner-Spady et al., 2001
Crott et al.,, 2010™®
Freedman et al., 2010'*
Jansen et al., 2004’
Kimman et al., 2009+
Lidgren et al., 2007'%*
Lovrics et al., 2008
Polsky et al., 2002

Cel

Korfage et al., 2010'%
Maissi et al., 2005’

TABLE 13 Measures used: cancer review

Whynes et al., 2008a'®*
Whynes et al., 2008b'%®
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Reliability: cancer

Fourteen studies'?”:130.131.133.134,163,168,174,176-178,184,130.192 ranorted evidence to allow assessment of reliability of
EQ-5D (five studies)'®® 176177184192 3nd HUI3 (nine studies)'?’:13%-131:133.134.163.174.178.190 in natients with cancer
and results are summarised in Appendix 9. Cella et al.'®® examined EQ-5D in patients with kidney/renal
cancer in terms of stability across treatment groups and found that EQ-5D, FACT and VAS scores did not
differ between the different country cohorts. This provided some evidence for the reliability of EQ-5D in
multinational trials. Similarly, Hahn et al.,'”® van Agthoven et al."”” and Witzens-Harig et al.'®* reported
that no significant differences between the treatment groups were found for EQ-5D, as well as EORTC
QLQ-C30, among patients with leukaemia and lymphoma. Two studies examined the internal consistency
of EQ-5D and HUI3 for specific questions/dimensions and dimensions/overall scores within measures.'®8*
One study reported that internal consistency was high for EQ-5D (as was the SF-36)'®* and another study
reported consistency for most questions for HUI3.'®? Inter-rater reliability of HUI3 was reported in nine
studies.'27130.131,133,134,163.174.178.190 Thase studies reported completion of HUI3 by multiple respondents and
all studies demonstrated high agreement between different raters' assessments of the dimensions of HUI3.
Although the instruments are designed for self-completion by adults, the agreement between raters
provides some limited evidence of reliability.

Known-group analysis and convergent validity: cancer
OVera”, 77 Studies97f109,114,115,1‘I7,118,1207123,126438,141,‘1437153,1567159,1617173,175,176,178,179485,187,188,190,193 Out Of 98

provided evidence to allow for known-group analysis and convergent validity. Known-group analysis was
Carned Out in 54 Stud|es 97-99,103-106,109,114,115,117-122,126,127,130-135,138,148-152,156-159,162-167,169,170,172,173,175,176,179-183,

188,190,193 4" for EQ_SD'97,98,103—106,114,115,117—122,138,148—152,156—159,164—167,169,170,172,173,175,176,179—183,188,193 of Whlch tWO

also included the SF-6D%'*° and 13 included the HUI3 %-109126.127.130-135162.163.190 |n most studies, groups
were defined by severity of cancer on the basis of a global heath scale,’?'%*'”® or disease
status'20127:162164.195 o hy treatment.'® 121128148157 Some studies had case—control design comparing
between cancer patients and the general public.®”'""2%%9 Several studies defined groups on the basis of
other characteristics such as age and smoking status'”®> and country.’° The differences in the clinical
definition of groups, conditions, characteristics of patients and study designs make it difficult to directly
compare the utility values, or to conduct meta-analyses across studies.

Convergent validity testing was carried out in 30 studies, 20 for EQ-5D?81007103.107.123,137.138,144-146,148,151.136,
164,165,173,184,196 and ‘lO for HU|3101,108,136,141,143,155,162,178,186,187 and one for SF_6D156 |n mOSt CaseS, EVIdeﬂce
on the correlation between generic measure of HRQL with either each other or with cancer-specific
measures was reported.'38141:143-142.162 Ragressions between scores of different measures were reported by
several studies.'0%122.146.147

Details of the assessments of construct validity of utility measure in different type of cancers are shown in
Appendix 10 and below are briefly summarised by specific types of cancers. For some types of cancer,
there were only limited studies (fewer than three) for assessment of validity. The findings of these are
summarised under the heading of ‘other cancers’.

Breast cancer

Known-group analysis One study among people with breast cancer allowed a known-group analysis for
EQ-5D where groups were defined by severity of breast cancer status.'® EQ-5D and TTO can distinguish
between different groups to some extent but the two measures did not always agree with each other in
terms of which groups were different.

Convergent validity Correlation statistics were reported by five studies for EQ-5D'37.138144-146

(two through regression estimation)'”'*¢ and two studies for HUI3 with other HRQL measures in patients
with breast cancer.'™"'** Moderate to high correlations were found between the EQ-5D index with
EQ-VAS or TTO values and the EQ-5D index with EORTC.'3'44145 Significant regression coefficients were
found between EORTC QLQ items and EQ-5D'*® and EQ-5D index, VAS, HADS-depression or anxiety
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demonstrated similar relationships between treatment choice and chemotherapy.'®*” Strong correlations
were found between HUI3 index and three subscales with Functional Assessment of Cancer
Therapy — Anaemia (FACT-An) and FACT-F,"* and between HUI3 and SF-36.""

Colon cancer

Known-group analysis In studies of patients with colon cancer, six studies for EQ-5D'">"7:118120122 and
one study for HUI3"®° provided evidence to allow an assessment of construct validity. Of those reporting
EQ-5D, five differentiated between groups based on severity of cancer''>'"®'2°7'22 and one included an
assessment of case (people with cancer) against controls (general population without cancer)."” In two
studies, EQ-5D scores demonstrated differences between treatment groups.''®'?° In four studies, EQ-5D
index revealed no difference between study groups; the results of one study were consistent with no
difference on EORTC QLQ-C30,'** another was consistent with EQ-VAS among patient with or without
stoma,'"” and two were consistent with EORTC QLQ-C30 but not EORTC QLQ-C38 among treatment
groups.'">'?" The case—control analysis of the Gosselink et al.'*' study found that EQ-5D could differentiate
between some, but not all, treatment groups with the general population. Ramsey et al.’*° found that
HUI3 was consistent with the FACT — Colorectal subscale (FACT-C) summary scores and both measures
detected significant differences between diagnosis groups.

Convergent validity One study'?® found that EQ-5D and EQ-VAS were not significantly correlated to the
cancer tumour node metastasis (TNM) stage and the correlation coefficient was low, whereas other
measures (HADS-anxiety subscale, positive and negative affect schedule and the emotional well-being
component of the FACT-C module) had moderate correlations.'*

Kidney cancer

Known-group analysis Three studies found that EQ-5D followed the same pattern across the study
follow-up period with VAS, EORTC global health and EORTC global scores.'®*'7%'%? One study showed that
EQ-5D, VAS and FACT scores did not differ between different country cohorts.'®®

Convergent validity The only study that reported convergent validity and illustrated that EQ-5D and
EQ-VAS were moderately and significantly correlated with the Functional Assessment of Cancer Therapy —
General Scale (FACT-G) and FACT-Kidney Symptom Index (FKSI)."”"

Cancer survivors

Known-group analysis Eight studies allowed known-group analysis for HUI3, 261271397135 \which
successfully discriminated between cancer severity groups,'' treatment groups,'*? global health rating'*®
and between patients and controls.”®? Some HUI3 dimensions also discriminated between groups.'*'3
The HUI3 values and HUI3 dimensions were not significantly different between diagnosis groups;'*'%
however, it is not clear that any difference HRQL would be expected between these groups.

Two studies reported evidence for known-group assessment for EQ-5D."?%'2° One study found EQ-5D
consistent with EORTC QLQ-C30 in that EQ-5D did not differ between treatment groups.'?® Another study
found that neither EQ-5D nor the majority of dimensions of SF-36 displayed significant difference between
survivors and control groups, but this was not consistent with the finding for the State-Trait Anxiety
Inventory (STAI).'*°

Convergent validity Only one study reported moderate to high and significant correlations between
HUI3 and the child health questionnaire (CHQ).'*¢
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Cervical cancer

Known-group analysis Three studies reported evidence to allow an analysis of known group validity for
EQ-5D and the results were mixed.'®*'%6'%” One study'®® found that EQ-5D did not discriminate between
the treatment and control group, which was consistent with HADS-anxiety and HADS-depression but not
with the Multidimensional Health Locus of Control Scale chance dimension. Korfage et al.’®* demonstrated
that EQ-5D found non-significant worsening of health for borderline mildly dyskaryotic group, but the
increased psychological distress found by the SF-12 mental component summary score, STAI, Psychological
Consequences Questionnaire (PCQ) score was significant. In contrast, significantly better physical health
was found by the SF-12 physical component summary score. Maissi et al.'®” showed that STAI and general
health questionnaire were sensitive to health differences at baseline whereas EQ-5D was not.

Convergent Validity One study'® demonstrated moderate correlation between EQ-5D and

EQ-VAS. Through regression, Korfage et al.’** found that perceived risk of being diagnosed with cervical
cancer was significantly associated with EQ-5D and PCQ score but not with mental component summary
score or STAI.

Gastric cancer

Known-group analysis Five studies provided evidence to allow a known-group analysis for EQ-5D and
the findings were generally mixed.'#8149.150-132 Shenfine et al.’*® and Rogers et al.'*® confirmed that EQ-5D
values or the EQ-5D mobility and usual activities dimensions could discriminate between treatment groups.
O'Gorman et al.”' showed that, consistent with EORTC, EQ-5D was significantly lower and not
significantly different in the weight-losing groups. However Wildi et al.' reported that the overall
difference measured by EQ-5D between groups defined by cancer stage groups was not as expected or
significant, although EQ-5D was higher for patients at cancer stage 0 than patients at stage 1-3. Two
case—control studies'*®'*® confirmed the ability of EQ-5D to discriminate between cancer patients and the
general population.

Convergent validity Three studies provided evidence to assess convergent validity for EQ-5D,'*'*®">" and
one of them also included SF-6D." Through regression, Kontodimopoulos et al.’’ found that three
EORTC subscales (physical and emotional function and global health status) were significant predictors of
EQ-5D, whereas six EORTC subscales (social and emotional functioning, pain, constipation, dyspnoea and
global health status) were significant predictors of SF-6D. Rogers et al.'*® showed significant correlation
between the EQ-5D mobility, usual activities and anxiety dimensions, and the University of Washington
Qol questionnaire overall scores, and between questionnaire subscales scores and specific

EQ-5D dimensions.

Prostate cancer
Known-group analysis Four studies with prostate cancer patients allowed a known-group analysis of
EQ-5D and the results suggested that EQ-5D discriminated between survival groups,’® symptom-based

severity groups (also shown by SF-6D'*®), and treatment groups.'*"'°

Convergent validity Studies reported low or non-significant correlations between HUI3 and VAS™® or
HUI3 and SG."®°

Non-specific cancers
Known-group analysis Seven studies in groups not defined according to specific cancers provided
evidence to allow a known-group analysis of the EQ-5D.%7?81037196.114 Among the six studies, four found

that EQ-5D could discriminate groups defined on the basis of cancer severity such as Eastern Co-operative
Oncology Group (ECOG) and FACT (statistical significance not reported),'® high or low risk,'** ECOG'*
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and stage of cancer'® (statistical significant not reported). For the two case—control studies, one study
showed that a significant difference was found by EQ-VAS but not EQ-5D or SF-6D?® and another study
found that cancer patients were more likely to report any problems on the usual activities dimension of
EQ-5D than other patients®” but this was not found by the other dimensions.

Two studies in non-specific cancers provided evidence to allow known-group analysis for HUI3.%*'%° Both
studies found that HUI3 scores were statistically different between groups. One study defined groups

as cancer, cancer and diabetes, and diabetes only groups compared with no cancer or diabetes group;*®
another study defined groups on the basis of severity.'®

Convergent validity Five studies examined the relationships of EQ-5D with other measures: two
through correlation®"'* and three through regression.®>'°>'” Pickard et al.'"* found statistically
significant and moderate correlations between all EQ-5D dimensions, ECOG and subscales of FACT-G.'*
Similarly, Norum'® found high correlations between EQ-5D, EQ-VAS and EORTC QLQ-C30.

Capuano et al.’” found that anaemia and weight loss significantly influenced EQ-5D scores but not
inflammation, whereas in study by Lathia et al.’® none of the EQ-5D data were significant predictors

of Functional Assessment of Cancer Therapy — Neutropenia (FACT-N).

Two studies provided evidence to examine convergent validity of HUI3."%'% One study in children with
cancer'®® found a moderate but significant correlation between HUI3 and the CHQ physical scale and
between the pain, physical activity and emotion dimensions of HUI3 and the corresponding scale of the
CHQ, but not between HUI3 and the psychosocial scale of CHQ. The other study including children
reported by Trudel et al.'® found moderate correlations for HUI3 values and the HUI3 dimensions
compared with the VAS and a cancer-specific measure.

Liver cancer

Known-group analysis Two studies'”®'® found that EQ-5D could discriminate between treatment
groups, which was consistent with the EORTC measure. Another case—control study'’? found that both
EQ-5D and EORTC measure were sensitive to differences between a group of patients with liver metastasis
and a group of the general population.

Lung cancer

[Known-group analysis Two studies demonstrated that EQ-5D is able to distinguish patients groups on
the basis of FACT quintiles,'® and between patients with and without metastasis."”?

Convergent validity Tripploli et al.'”? found that there were significant correlations between the EQ-5D
index and VAS, and also between EQ-5D and SF-36.

Malignant lymphomalacute myeloid leukaemia

Known-group analysis Slovacek et al."®' found significantly higher EQ-5D scores among malignant
lymphoma (ML) patients, which indicates that EQ-5D can discriminate between ML patients and acute
myeloid leukaemia (AML) patients.

Convergent validity Banks et al.’’® demonstrated that there were substantial correlations between proxy
HUI2/HUI3 and the CHQ physical score.
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Other cancers

Known-group analysis Six studies among various cancer patients provided evidence to allow a
known-group analysis for EQ-5D and HUI3. Slovacek'”® found that EQ-5D scores were significantly
different depending on age and smoking status among patients with multiple myeloma (MM). Slovacek'®
demonstrated that the EQ-5D could differentiate between patients with MM and ML, with ML patients
having significantly higher scores. One case—control study suggested that EQ-5D was consistent with
EORTC in that it discriminated well between patients with pancreatic cancer and the general population as
well as between gender groups.'®

Two studies used the HUI3 in patients with brain cancer.’®>'%* One study'®® found that the number of
impaired HUI3 attributes was lower for children with better health status as reported by physicians, but no
significant differences were found according to the level of radiation treatment received. Another study'®?
found significant difference of all HUI3 dimensions (except emotion) between patients and the general
population group, and between tumour groups although no significance was reported.

Convergent validity Significant correlations were reported between dimensions of the EQ-5D and the
Musculoskeletal Tumour Rating Scale (MSTS) in patients with musculoskeletal cancer.'®'% Klassen et al.®’
reported strong correlations between HUI3 and VAS, Pediatric Quality-of-Life Inventory (PedsQL) core and
PedsQL-cancer module among patients with Hodgkin's lymphoma.'®¢ Falicov et al.’' found a low to
moderate correlation between EQ-5D and HUI3 among patients with spinal metastases.

Responsiveness: cancer

A total of 39 out of 98 studies among cancer patients provided sufficient evidence to allow assessment of
respon5|veness for EQ_SD <3’I studies)l104,110—113,116,124,139,140,143,144,147,149,153,154,157—160,165,167—169,170,171,’\76,
177.179.180.188.192 for HUI3 (six studies)'®''4"142.174178186 and poth EQ-5D and HUI3 (two studies).'**'*°

Most studies reported mean change of scores over the study period.''6122.123.143.149.133,134167 Some studies
compared scores or responses at baseline and follow-up.'®*'%11913% Some studies also reported
responsiveness indices including ES or standard response mean,#"'%%'7118 or 3 correlation between
changes of different measures.’?'%* Statistical tests such as the t-test, ANOVA and Mann-Whitney U-test
were conducted by some, but not all, studies. The detailed results are summarised below according to type
of cancer. As for validity, cancer types for which only three or fewer studies reporting responsiveness data
were available are grouped as ‘other cancers’. See Appendix 11 for details.

Breast cancer

Three studies of breast cancer patients provided evidence to examine responsiveness of EQ-5D, which was
shown to perform satisfactorily. Conner-Spady et al. (2001)'*° found a significant change in mean scores
over time for EQ-5D and three of its dimensions, Functional Living Index — Cancer (FLIC) and three of its
subscales and VAS using repeated ANOVA. Large ESs were reported for all measures except for EQ-5D
with a moderate ES for severe cancer according to thyroid hormone level (T5/T,). Another study by
Conner-Spady et al.’*° demonstrated that EQ-5D, FLIC and VAS showed a similar pattern of change after
high-dose chemotherapy, and a Friedman test showed significant change over time on four of the EQ-5D
dimensions; there was no significant change for pain/discomfort. Kimman et al.'** confirmed consistency
between EQ-5D and EQ-VAS in terms of showing significant effect in the group that perceived a moderate
and large change of global health but found no effect in the group that perceived no or small change of
global health. Two studies examined the responsiveness of HUI3 in patients with breast cancer and found
that performance was good.''*? Both Lovrics et al.™' and Polsky et al.’** found significant decreases in
HUI3 score shortly after surgery and improvements in longer term, which was consistent with the VAS and
SF-36 subscales.

One study by Chang et al." provided evidence for both EQ-5D and HUI3, alongside EQ-VAS, FACT-An
and FACT-F. The results of this study were difficult to interpret as it found that both HUI3 and EQ-VAS
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scores improved in one treatment group but decreased in another, although EQ-5D showed improvement
for both groups. In addition, the difference between changes of scores between the treatment groups
were statistically significant for HUI3 and EQ-VAS, but not for EQ-5D.

Cervical cancer

Two studies reported evidence for responsiveness assessment of EQ-5D."%>'%” Maissi et al.'®” found that
mean change on EQ-5D was small but this was consistent with General Health Questionnaire and STAI.
Whynes'®® showed that EQ-5D dimensions and HADS were significant predictors of decreasing VAS scores.

Colon cancer

Four studies provided evidence to examine responsiveness of EQ-5D."¢119122123 Anderson and Palmer'"®
found similar patterns over time for all EQ-5D dimensions and most subscales of the Rotterdam Symptom
Checklist (RSCL) and significant differences were found between the two treatment groups over time
using both measures. Doornebosch et al.’'® found that 6 months after surgery, significant improvement
was detected by both the Faecal Incontinence Severity Index and EQ-VAS, but not EQ-5D. Both Janson

et al."?* and Sharma et al.'®® found that EQ-5D indicated no significant change over time and that this was
not consistent with EORTC QLQ-C30 or the HADS.

Gastric cancer

Three studies provided evidence of responsiveness for EQ-5D.#%13313* Two studies'**'>* found consistent
results with the EORTC, EQ-5D and EQ-VAS and all showed a change in HRQL, but this change was not
significant. McMillan et al.”*® demonstrated that EQ-5D detected significant improvement in the
intervention arm at follow-up.

Kidney cancer

Five studies included evidence to assess responsiveness of EQ-5D."68170.171:193.194 A]| five studies found that
EQ-5D and EQ-VAS could detect differences between treatment groups and two studies'®*'""! reported
statistically significant differences.

Liver cancer

All three studies with responsiveness evidence suggested that EQ-5D was consistent with EORTC. 73179180
In one study,'®® both the EQ-5D and EORTC QLQ showed a response over time following three different
surgical procedures. In another study,'”? both measures detected no change and another study'”® found
comparable magnitude of change over time in terms of ES.

Prostate cancer

Two studies among the prostate cancer patients reported evidence of responsiveness for EQ-5D"""*° and
another study included both EQ-5D and HUI3.'® Both Sullivan et al.’>” and Weinfurt et al.’® confirmed
that EQ-5D was responsive in prostate cancer patients as it detected deterioration in HRQL at follow-up
and showed similar ES to other measures. Krahn et al."® indicated that EQ-5D and HUI3 were less
responsive to treatment compared with other measures. Using external responsiveness, EQ-5D and

HUI3 were able to discriminate between those whose health had changed and those whose health had
not changed.

Non-specific cancer

Five studies among patients with general cancers provided evidence of responsiveness for EQ-5D and all
studies found satisfactory performance of EQ-5D. Mantovani et al.""" showed that EQ-5D registered a
trend of improvement over time and the improvement at 4 months was statistically significant compared
with baseline. Vaghela et al.’'? suggested that statistically significant improvement was seen on the anxiety
and depression dimension of EQ-5D but was seen by the two first stated concerns of Measure Yourself
Concerns and Well-Being Questionnaire (MYCaW), the overall profile and the EQ-VAS but not the
well-being measure. Ravasco et al.’® reported that all EQ-5D dimensions (except for pain/discomfort) and
EQ-VAS improved following radiotherapy but the difference was statistically significant only for high-risk
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patients on the EQ-5D. Weze et al.'"° demonstrated that only the anxiety/depression and pain dimensions
of EQ-5D showed statistically significant improvement whereas the EQ-VAS and stress, fear, sleep,
relaxation and coping were significant. Similarly, Kim et al.'"® also reported that they found statistically
significant differences in the sum of severity levels on pain/discomfort and anxiety/depression after
treatment.

Other cancers

Five studies of various cancers provided information to allow assessment of responsiveness of the
EQ-5D"24176.177.188192 and four studies for HUI3.™®"'7417818¢ Hahn et al.’’® suggested that EQ-5D was picking
up differences in mean change over time between the treatment groups in people with leukaemia, and
Uyl-de-Groot et al.'** found a significant mean change for EQ-5D and some EORTC QLQ-C30 dimensions
at selected follow-up time points for people with MM. Three studies in patients with lymphoma indicated
that EQ-5D changed over the study period, but this change was not always statistically significant.'’-'88.192

For HUI3, Klaasen et al.'® found consistent change in the HUI3 and other measures between two time
points with large and clinically relevant ES, but not at two other time points. The remaining three studies
indicated good responsiveness of HUI3 across a range of indicators, including similar responsiveness to
CHQ, but lower than PedsQL in terms of size of change. The pain dimension of HUI3 was responsive to
change with EORTC QLQ-C30.

Summary and conclusion: cancer

The overall performance of EQ-5D, HUI3 and SF-6D are summarised in Table 74. Among the 98 studies
induded in thls reVieW the EQ_5D97,98,‘IOO,101,1037107,1‘107123,128,129,1377140,1437154,1567160,1647173,1757177,1797184,186,188,192,194
was the mOSt Comm0n|y Used GPBM, Whereas HU|399,108,109,W26,127,1307136,141,142,155,1617163,174,‘\78,1857187,190 was the
second most widely used measure. Few studies reported evidence for SF-6D %8476

Overall, the results for EQ-5D compared with the other generic and cancer-specific measures were
satisfactory. The majority of studies comparing patients with cancers and a control group of people
without cancer showed consistent differences in EQ-5D values.®”17:121.148.149,152,157.172.173.183 Gt djes
comparing EQ-5D scores across severity groups also showed that, in most cases, EQ-5D differentiated
between groups, although this was not always statistically significant,'037106.114.118-120,122,148,156,158,164,173,176,188
Correlations between EQ-5D and other measures were a mixture of low, moderate and strong. In terms of
responsiveness, overall EQ-5D scores or dimensions were able to detect appropriate change-over time
points but sometimes the change of scores was small or not statistically significant over all time points. The
assessment of reliability of EQ-5D provided some evidence of good reliability with no change being
observed in EQ-5D responses when other measures confirmed no reported change in health over time;
however, very few of the identified studies were specifically designed to assess test—retest reliability.

Evidence on the performance of EQ-5D varied in different types of cancer. EQ-5D showed good
responsiveness and convergent validity in breast cancer'’-4143714¢ byt known-group evidence was

very limited. For colon cancer studies, the majority of evidence suggested relatively good construct
validity,""®729"22 but the only study available did not support responsiveness of EQ-5D.""® In prostate cancer
studies, EQ-5D appropriately differentiated between groups and detected change over time, but in most
cases the differences or changes were not statistically significant.’*'% In studies of non-specific cancers,
EQ-5D was sensitive to change over time and sensitive to differences between severity groups.'03716110-114

There was evidence to support HUI3's ability to differentiate between severity groups and between
patients with and without cancers. The ability of HUI3 to detect between groups defined by other
non-severity based aspects was more mixed and the responsiveness of HUI3 was also found to be
satisfactory. Although HUI3 is essentially designed for self-completion by the patient, several studies
examined inter-rater reliability,'33:134163.174.178.186 Thease studies generally found that inter-rater reliability for
HUI3 was good.
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Chapter 3 Mapping to EQ-5D

Introduction

The review of the performance of GPBMs in the previous chapter showed that EQ-5D is a valid and
responsive measure for patients with cancer. Despite these findings, many cancer studies do not include
the EQ-5D and are more likely to include one of two cancer-specific questionnaires: the EORTC QLQ-C30
or the FACT-G. Five studies have previously mapped between EORTC QLQ-C30 and EQ-5D."#6.147.197-199
Four of these functions are not necessarily applicable to other samples,#¢'47.797.1% \/ersteegh et al.'” fail to
provide the mapping function for other researchers to use and the sample used by Crott and Briggs'*®
includes only female patients. Wu et al.'®® require data on both the FACT-G and the EORTC QLQ-C30 to
produce mapped estimates, although studies may not routinely collect both of these together.
Kontodimopoulous et al.'* use a linear regression model to predict EQ-5D scores; however, they state that
the model does not produce reliable predictions and is based on a small sample. Potentially the most
useful mapping function was published by McKenzie and van der Pol,"*® who produced two mapping
functions; the first used linear regression to estimate EQ-5D index scores and gave reasonable predictions
and the second used ordered probit models to predict EQ-5D dimension levels and gave poor predictions.
Other models such as tobit and TPMs were not explored by any authors but may predict EQ-5D values
more accurately, and this needs to be explored further. Only one mapping function has been published
using FACT-G data to predict EQ-5D values; it fitted ordinary least squares (OLS) and CLAD models at the
domain level and showed that scores were poorly predicted away from the mean.'®

The aims of this chapter are (1) to estimate mapping functions using two cancer-specific HRQL measures,
the EORTC QLQ-C30 and FACT-G, to the EQ-5D for use in future studies and (2) to test the applicability of
different mapping approaches that have been used in the literature in order to provide recommendations
for future mapping studies. In particular, the analysis was aimed at providing comprehensive information
on how to select the mapping function and information on uncertainties around the predictions. We
assessed different modelling techniques that have been applied in the literature and used standard criteria
to identify the most appropriate mapping functions. We also provide information on uncertainty.

Methods
Measures

Target measure: EQ-5D
Our target measure for mapping was the EQ-5D.

Source measures
The cancer data sets included two widely used cancer-specific measures and these were selected as the
source measures: EORTC QLQ-C30 and the FACT-G.

The EORTC QLQ-C30 is a cancer-specific HRQL measure that has been found to be valid for many cancer
conditions and has been widely used in cancer clinical trials across Europe and Canada.?®® The EORTC
QLQ-C30 has 30 items, 28 with four levels (not at all, a little, quite a bit and very much) and two items
(overall health and overall Qol) with seven levels (ranging from very poor to excellent). The items cover five
functioning scales (physical, role, social, emotional and cognitive functioning), plus a global QoL scale and
nine symptoms scales (fatigue, nausea and vomiting, pain, dyspnoea, sleep disturbance, appetite loss,
constipation, diarrhoea, financial impact). Each summary scale ranges from 0 to 100. Higher scores for the
functioning and global QoL scales indicate higher functioning levels, whereas higher scores for the
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symptoms scales indicate higher symptom levels. Mapping functions were developed using the dimensions
scores and items.

The FACT-G has been shown to be a reliable and validated HRQL measure.?®’ The questionnaire consists of
27 items in four subscales (physical well-being, social/family well-being, emotional well-being and
functional well-being). Each item has a range of five options ranging from not at all (score 0) to very much
(score 4) and item scores are added to form a subscale score and subscale scores are added to form a
global score. Global scores can range from 0 to 108. Mapping functions were developed using the total
score, dimension scores and items.

Four data sets were used for the mapping study; three contained the EORTC QLQ-C30 and EQ-5D while
one contained the FACT-G and EQ-5D. The three data sets containing EORTC QLQ-C30 were pooled into
a single data set.

European Organization for Research and Treatment Quality-of-life

Questionnaire Core 30

One EORTC QLQ-C30 data set came from a randomised trial [Velcade as Initial Standard Therapy
(VISTA)]*°* while the other two data sets came from a cancer clinic. The VISTA data were collected in a
Phase Ill randomised open-label trial for patients newly diagnosed with MM. Patients were requested to
complete both the EQ-5D and EORTC QLQ-C30 at their screening visit, day 1 of each of the nine cycles of
treatment, at the end of each treatment visit and during the post-treatment phase (every 6 or 8 weeks)
until disease progression. For the mapping analysis, only responses at screening visit were used. The mean
age of the screening sample was 72 years (SD 5.5 years) and 50% were male. Severity was measured
using the International Staging System for Multiple Myeloma, according to which patients are classed as
having stage | disease if serum beta-2-microglobulin (Sp,M) is < 3.5 mg/l and serum albumin > 3.5 g/d|
(median survival 62 months). Patients are classed as having stage Il disease if they do not meet the criteria
for stages | or Ill and as having stage Il disease if Sp,M > 5.5 mg/l.?%

The other data were collected at the Vancouver Cancer Clinic. Women diagnosed with breast cancer and
attending an outpatient clinic were asked to complete EQ-5D and EORTC QLQ-C30. The mean age of the
full sample was 68 years (SD 18.2 years). Severity was measured using the stage of disease, with stage |
indicating that the cancer is localised and stage IV indicating that cancer has metastasised or spread to
other areas of the body. Patients diagnosed with lung cancer attending an outpatient clinic were also
asked to complete EQ-5D and EORTC QLQ-C30. The mean age of the full sample was 62 years

(SD 21.1 years) and 48% were male. As with the data set from patients with breast cancer, severity was
measured using the stage of disease.

Functional Assessment of Cancer Therapy — General Scale

The FACT-G data set contained 538 cases from USA of which 530 provided self-reported data on HRQL.
Participants were from a validation survey of different cancer scales and had one of 11 cancers at stage 3
or 4 and had undergone at least two cycles of chemotherapy, for non-cyclical treatments, and had
received treatment for more than 1 month.'® Participants completed the EQ-5D (both the three- and
five-level versions), FACT-G and ECOG performance measures, cancer and treatment distress scale, FACT-G
cancer disease-specific add-on questions, the renal cell carcinoma symptom index and the symptom
checklist for depression and anxiety. For the mapping study, we focus on mapping between EQ-5D and
FACT-G and use the ECOG performance status measure as a measure of cancer severity. The sample
consisted of 273 (52%) male patients and 255 (48%) female patients with an average age of 59 years
(SD 11.9 years, range 24-88 years).
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Preliminary analysis

Spearman's rank correlations of the independent variables were used to determine whether any variables
were highly correlated and therefore not recommended for inclusion in the same regression model. A high
correlation was defined as a correlation coefficient > 10.71.2* Spearman's rank correlations were also used
to determine correlations between the dependent and independent variables to inform model specification
and this was undertaken for the EQ-5D utility values and dimension levels and the total scores, dimensions
scores and items of the EORTC QLQ-C30 and the FACT-G. The distribution of the EQ-5D was also
examined to determine the distribution of the scores and whether this differed by data set. This was used
to determine the appropriate model specifications for the regression equations mapping the two cancer
measures onto EQ-5D.

Specification

The mapping analysis involves using regression techniques to estimate the relationship between the EQ-5D
and the cancer-specific measures. The relationship can be specified in different ways. The simplest additive
model regresses the EQ-5D onto the global score of the starting measure, for example, the FACT-G global
score. This specification assumes that all the items/dimensions contributing to the global score have equal
weight and response choices to each item lie on a similar interval scale (e.g. the intervals between

‘all of the time’, ‘most of the time’ and 'some of the time’, etc., are equal). These assumptions can be
relaxed by including dimension scores and item responses as independent variables. We assessed global
scores, dimension scores and item responses for each cancer measure, where appropriate. Global and
dimension scores were treated as continuous variables and item responses were modelled as discrete
dummy variables.

We included squared terms for dimensions that displayed non-linear relationships. We also tested the
inclusion of interaction terms where there was evidence of correlations between dimensions. We tested for
the inclusion of interaction terms for the dimension scores based on high correlations (> [0.71). Squared
and interaction terms were not included for item models.

Modelling techniques

Models were fitted to the overall EQ-5D score using linear regressions estimated by OLS, tobit models,
TPMs and splining. Further models were fitted to the individual dimensions of the EQ-5D using response
mapping. A limited dependent variable mixture model (L(DVMM) was also used in an illustrative analysis.

Ordinary least squares

The most common model used in the literature for mapping between QoL instruments is OLS, which
assumes that the relationship between the dependent variable (EQ-5D index values) and the independent
variable(s) (EORTC QLQ-C30 or FACT-G) can be expressed as a linear function of the parameters.

OLS models are typically able to predict the mean scores but are poor at predicting those in poor health
and full health.

Tobit model

Ordinary least squares does not allow for the fact that the EQ-5D is bounded at —0.594 at the bottom and
1 at the top of the scale and thus predictions could be greater than 1 or less than —0.594. The tobit model
can be used to take into account the upper and lower limits of EQ-5D so predictions are limited to the
credible range.

Two-part model

The TPM uses a combination of two different model types to predict different parts of the distribution of
the data. These have been used in cost analysis to predict whether resource use is incurred (see Lipscomb
et al.?®® for example) and in mapping, where logistic regression is applied to model the probability of
whether responders are in full health or not and OLS or another suitable model used to model scores less
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than full health. The results from the two parts of the model are combined to obtain an overall score. We
fitted a logistic regression model to estimate the probability of being in full health (yes/no) and a truncated
OLS model to predict EQ-5D score if not in full health, where for the truncated OLS model scores cannot
exceed a value of 1.2% Predicted EQ-5D scores were calculated as follows, where FH is full health:

Expected(EQ-5D) = probability(FH) + {predicted EQ-5D score if not FH x [1— probability(FH)]} (1

Splining

One of the issues in mapping to EQ-5D scores is that they rarely follow or approximate to the normal
distribution. Transformations can be used to account for this but another option is to use splining to identify
changes (cut points) in the distribution of the data and to model these changes using different
mathematical functions; this approach is also known as fractional polynomials. The first stage of the process
is to identify possible cut-off values, which was done using the multivariable fractional polynomials function
in Stata version 12, StataCorp LP, College Station, TX, USA,2°” which fits all possible polynomial functions to
the data and identifies the best-fitting model. We applied splining functions to the best-fitting dimension-
based models to test whether splines offered an improvement over including squared terms in our models.

Response mapping

An alternative to modelling the EQ-5D index is to fit models to the dimensions of the EQ-5D using ordinal
or multinomial logistic regression models known in the literature as response mapping.?°%2°° We fitted
multinomial logistic regression models to each of the five dimensions of the EQ-5D. Using an approach
previously reported in the response mapping literature,'® the expected value of the EQ-5D was then
calculated by multiplying the probability of being in each response level by the standard UK tariff.*

Expected(EQ-5D) = 1—(Prmob2 x 0.069) — (Prmob3x 0.314) — (Prcare2 x0.104) — (Prcare3x0.214)
—(Pruact2 x0.036) — (Pruact3 x 0.094) — (Prpain2 x 0.123) — (Prpain3x 0.386)  (2)
—(Pranx2 x0.071) — (Pranx3x 0.236) — (1— PrPerfect) x 0.081—PrN3 x 0.269

where Prmob?2 is the probability of being in mobility level 2 on EQ-5D, Prmob3 is the probability of being
in mobility level 3 on EQ-5D, Prcare2 is the probability of being in self-care level 2 on EQ-5D, Prcare3 is the
probability of being in self-care level 3 on EQ-5D, Pruact2 is the probability of being in usual activities

level 2 on EQ-5D, Pruact3 is the probability of being in usual activities level 3 on EQ-5D, Prpain2 is the
probability of being in pain or discomfort level 2 on EQ-5D, Prpain3 is the probability of being in pain or
discomfort level 3 on EQ-5D, Pranx2 is the probability of being in anxiety or depression level 2 on EQ-5D
and Pranx3 is the probability of being in anxiety or depression level 3 on EQ-5D. PrN3 is the probability of
any of EQ-5D dimensions being at level 3.

PrPerfect is the probability of being in perfect health
=Prmob1 x Prcare1 x Pruact1 x Pr pain1xPranx1 and PrN3 is the probability of being (3)
in level 3 =1—(1—Prmob3) x (1—Prcare3) x (1—Pruact3) x (1-Prpain3) x (1— Pranx3)

where Prmob1 is the probability of being in mobility level 1 on EQ-5D, Prcare1 is the probability of being
in self-care level 1 on EQ-5D, Pruact1 is the probability of being in usual activities level 1 on EQ-5D,
Prpain1 is the probability of being in pain or discomfort level 1 on EQ-5D and Pranx1 is the probability of
being in anxiety or depression level 1 on EQ-5D.

Limited dependent variable mixture model

A further model was fitted, the LDVMM. Although the models described in the preceding section for
modelling the index of EQ-5D are widely used in the literature, they have been shown to be inappropriate
in several studies as they are unable to take into account the characteristics of EQ-5D data and their
distribution across individuals.?''~2"® These characteristics include the bounded nature of the EQ-5D data, a
large proportion of respondents at 1 (full health), a large gap between this top value and the next
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allowable EQ-5D value and the multimodality of the distribution. These are the features that the standard
models are unable to generate and has led to the development of new, more advanced models, one of
which is the LDVMM of Hernandez Alava et al.?""2"? Finite mixture models provide a very flexible
semiparametric framework in which to model complex nonstandard distributions in cases where standard
models are unable to provide a satisfactory model for all the data. By combining several distributions (also
referred to as components) using probability weights, mixture models can approximate any distribution
arbitrarily well and are able to generate characteristics such as skewness and multimodality. These
probability weights can be functions of any relevant variables. Thus, the covariates in these models can
determine EQ-5D directly by inclusion in the individual components but also indirectly through their effect
in the probability of component membership. This flexibility generates a rich and complex pattern of
relationships between the explanatory variables and EQ-5D where the same variable can be highly
significant in certain components but not in others and can also have an independent indirect effect
through its significance in the probability of component membership. Insignificance of variables in
standard models (i.e. models with only one component) may be the result of differing patterns of
significance across components and might lead to the erroneous exclusion of variables under usual
practice. The LDVMM combines the flexibility of the mixture model approach with specially designed
components that are limited at 1 (full health) and at —=0.594 and have an adjustment to generate the gap
in feasible values of the UK EQ-5D tariff between 1 and 0.883. For a more technical description of this
model, see Hernadndez Alava et al.?'"" The LDVMM was fitted to the FACT-G data set using domain level
covariates to illustrate new model developments in this area which take into account the idiosyncrasies of
EQ-5D data.

Model specification

Models were fitted using backwards regression where all possible variables are included in the model and
the least significant removed until only significant variables remain (p <0.1), except in the implementation
of the LDVMM. To avoid overfitting models, we use the rule of 10 participants per variable for continuous
models and 10 events for the smallest category for response mapping models. When variables were highly
correlated, the variable that was most likely to map to the EQ-5D was selected, based on the analyst's
judgement. Standard errors (SEs) of regression co-efficents were calculated from bootstrap estimates and
5000 bootstrap samples were run for each model.

Insignificant variables were not automatically dropped in the LDVMM analysis. This process of data mining
increases the risk of fitting a model to the specific sample data set being used but that lacks
generalisability. It leads to an estimated model with an improved in-sample fit but tends to perform poorly
out of sample. This is particularly important when the number of observations is relatively small, as in the
present case, since often these data sets present many idiosyncrasies not seen in larger samples. The aim
of the LDVMM analysis was to fit a model that predicted well in sample and that captured the general
characteristics of EQ-5D data sets but at the same time avoided ‘fitting the model to the data’ in excess.

Model goodness of fit

Model goodness of fit was measured using AIC and BIC, where the smaller the value, the better the model
fit. For each model, we also reported the model RMSE and mean absolute error (MAE). For OLS models, we
reported the R? and adjusted R? and used the Ramsey Regression Equation Specification Error Test (RESET)
to test non-linear combinations of variables in the model. For tobit, logistic regression and Response
mappings, we used the pseudo-R?. Sigma was reported for the tobit and truncated regression models and
the link test was used to check model specification. The Hosmer-Lemeshow test was used to assess
goodness of fit for logistic regression models.

Model performance and discrimination

Summary statistics including mean and range were examined to assess overall model predictions. However,
a more stringent test was applied using a severity measure to assess the discriminative performance of the

predicted EQ-5D score. For FACT-G, respondents were asked a variation of the ECOG performance status.

ECOG has five categories ranging in severity from 0 to 4 (worst)?™* and five response categories: normal
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activity without symptoms, some symptoms but do not require bed rest during the waking day, require
bed rest for less than 50% of the waking day, require bed rest for over 50% of the waking day and
unable to get out of bed. No patients were in the most severe level (unable to get out of bed) and few
patients [n =21 (4%)] required bed rest for more than 50% of the waking day; therefore, these two
categories are merged with the level do not require bed rest less than 50% of the waking day. The ECOG
responses are included in mapping models as a measure of disease severity and to test the predictive
ability of the mapping models across different severity groups. There was no common severity measure in
the EORTC QLQ-C30 data sets and the item reporting health status was used instead. Response options
ranged from poor (1) to excellent (7). Discriminative ability across severity groups using these measures
was tested using ANOVA. MAEs were reported for each subgroup.

Model performance was also assessed visually by plotting observed and predicted EQ-5D values by health
state. As a further comparison for the LDVMM, EQ-5D data sets were simulated using each model in turn
as the data generating process based on 100 replications per individual in the sample for a total of 53,000
simulated EQ-5D data points. Only one data set per model was generated and, therefore, small variations
for different generated errors can be expected for the individual simulated data points; however, enough
simulations have been generated to ensure an accurate overall distribution. Plots of the observed EQ-5D
distribution in the data were compared with distributional plots of the simulated data sets. A model that
correctly fits the data should generate a distribution of simulated values which displays similar
characteristics to the observed EQ-5D distribution in the data.

Model validation

Internal model validation was carried out using bootstrapping to estimate a shrinkage factor. We used
the bootstrapping techniques reported by Steyerberg et al.?'> to assess all models (except in the
implementation of LDVMM) and shrinkage coefficients are reported in order to counter overoptimism of
estimates.?'® Five thousand bootstrap estimates were run to calculate shrinkage factors. A shrinkage
coefficient of less than 1 (typical value expected for a shrinkage coefficient) reflects an ‘overfitting’

of the data.

Model selection

When producing a mapping model, the factors that are important in selecting a model are accuracy of the
predicted mean and SE, MAE, shrinkage and the reproducibility of the model across different severity
states. Mapping and model fitting literature does not suggest a single criteria for use in selecting the
best-fitting model and the criteria that we might focus on when selecting a model may depend on what
we want the mapping function to achieve. For each type of model (OLS, tobit, etc.) we gave equal
weighting to all model selection and performance statistics and ranked across models based on these
statistics, a mean rank per model was then estimated. The model with the best mean ranking was
selected. The best-performing models per model type were then compared and ranked to select the best
overall model. In the event of there being no clear difference between models, we gave priority to models
that best estimated the mean and were able to discriminate across disease severity.

Table 15 presents an overview of the analysis that was carried out. For each modelling technique (with the
exception of LDVMM) we assessed the performance of a series of model specifications based on overall
cancer instrument score, dimensions scores, dimensions scores plus squared and square root terms,
dimensions scores plus squared, square root terms and interations, item level models and the best fitting
of these models plus patient characteristics.

Mapping models that we fitted between EORTC QLQ-C30 or FACT-G and EQ-5D were:

Model 1 EQ-5D Index = Global Index Score (FACT-G only).

Model 2 EQ-5D Index = All dimensions.
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MAPPING TO EQ-5D

Model 3 EQ-5D Index = Significant dimensions only.

Model 4 EQ-5D Index = Significant dimensions, squared and square root terms.

Model 5 EQ-5D index = Significant dimensions, squared, square root and interaction terms.
Model 6 EQ-5D index = Significant items.

Model 7 EQ-5D index = Significant items collapsed item levels.

Model 8 best performing mode selected from Models 1 to 7 above plus significant patient and
disease characteristics.

Models 6 and 7 were not fitted for splining as this is performed on continuous variables. Response
mapping fitted models to each of the EQ-5D domains rather than the EQ-5D index. We assessed model
performance by assessing models across these specifications for each modelling technique to select the
best-fitting model specification. We then used the same criteria to compare the best-fitting models across
the modelling techniques. LDVMM were fitted only for the FACT-G dimension scores.

Representing for uncertainty in mapping methods

Probabilistic sensitivity analysis was used to allow for uncertainty in mapping coefficients for the best
performing FACT-G model. Regression coefficients were assumed to follow a normal distribution and the
covariance matrix for the model was used to allow for variability and correlations between variables. It was
necessary to run 100,000 simulations to obtain convergence to a mean across simulations. For each
simulation mean, the EQ-5D score was calculated and percentiles were used to summarise the variability
around the mean estimate.

Results

European Organization for Research and Treatment Quality-of-life

Questionnaire Core 30 Preliminary analysis

Table 16 shows the characteristics of the full sample and for each data set for those with complete data.
Mean age and proportion of males varied by data set. The breast cancer data set had the lowest mean
age and contained only females, and the MM data set had the highest mean age and the highest
proportion of males. The mean EQ-5D score also varied by data set, the MM data set had a mean EQ-5D
value of 0.519 whereas the breast and lung cancer data sets had higher mean EQ-5D values of 0.765 and
0.742, respectively. Only the MM data set covered the entire range of the EQ-5D and had fewer ceiling
effects than the other data sets, with 8% of responses at full health on EQ-5D, compared with 24% and
17% for the breast and lung cancer data sets, respectively. Figure 5 shows the histograms of the EQ-5D
index for each data set and the combined data set showing that the distributions differ by data set but
without further information we cannot conclude whether this is differences in the severity of the patients
in each data set or differences in the pattern of EQ-5D by condition. Separate assessment of the scores for
the EORTC QLQ-C30 scales most noticeably varied across the three data sets for physical functioning, role
functioning, pain, dyspnoea, constipation and global QoL (see Table 16).

Assessment of the correlations between the independent variables indicated that the highest correlations
were between role functioning, physical functioning and fatigue variables (see Appendix 12). Assessment
of the correlations between the EORTC QLQ-C30 summary scales and EQ-5D dimensions and utility score
indicated that overall physical functioning, role functioning, social functioning, fatigue, pain and global
QoL were most highly correlated with EQ-5D dimensions and score. However, as global QoL is likely to
encompass the other conceptual domains, it is theoretically preferable to exclude this from consideration

in the mapping function alongside the other summary scale variables. Correlations between the EORTC
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TABLE 16 Characteristics of the patient samples

Age (years) 68 9.6 54 10.9 63 11 72 5.4
Male (%) 44 0 48 50

EQ-5D

EQ-5D utility score 0.579 0.342 0.765 0.202 0.742 0.199 0.519 0.360
Proportion reporting 11 24 17 8

EQ-5D=1 (%)

Range of EQ-5D -0.594 to 1 -0.144 to0 1 0.088 to 1 -0.594 to 1
EORTC QLQ-C30 dimensions

Physical functioning 65 25.6 78 19.9 70 19.6 62 26.5
Role functioning 59 33.2 73 27.7 68 27.0 55 34.2
Emotional functioning 70 249 73 22.7 76 215 68 25.6
Cognitive functioning 76 22.7 77 22.8 77 20.5 76 23.1
Social functioning 69 29.8 72 26.2 74 23.8 68 31.3
Fatigue® 45 26.2 39 20.9 43 23.1 47 273
Nausea® 9 17.9 11 19.9 10 16.8 8 17.7
Pain® 40 33.0 23 24.3 23 235 47 335
Dyspnoea® 25 29.0 17 225 37 30.7 24 291
Sleep disturbance® 33 32.6 34 31.1 31 28.3 33 33.6
Appetite loss® 27 325 20 285 29 323 29 33.1
Constipation® 23 30.7 12 234 23 30.0 25 31.6
Diarrhoea® 10 19.9 16 27.0 11 20.3 8 18.4
Financial impact® 20 28.8 24 30.5 23 28.8 19 28.4
Global QoL 53 232 68 18.2 62 21.0 48 22.8

a Higher scores for symptom scales indicate worse symptoms. EORTC QLQ-C30 dimension score range 0—100, higher
scores indicate better functioning and QoL.

QLQ-C30 item levels by domains indicated that items within physical, role, emotional and social
functioning, QolL, fatigue and pain were highly correlated, suggesting that not all items within these
domains need to be selected for item level models.

European Organization for Research and Treatment Quality-of-life
Questionnaire Core 30 Mapping Analysis Results

Selecting models

We illustrate how the best performing model was selected using the OLS results for the EORTC QLQ-C30.
Table 17 summarises the predicted EQ-5D scores and model performance of the six models that were
undertaken. Physical, role and emotional functioning dimensions were statistically significant and positive
as expected. Pain and sleep disturbance were statistically significant and negative as expected but
dyspnoea was positive. Inclusion of squared terms improved the model (model 4) but interactions

(model 5) had no impact and results from these were therefore not reported. Items related to dimensions
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MAPPING TO EQ-5D
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FIGURE 5 Histogram of EQ-5D utilities: All data sets.

of physical, role, cognitive, emotional and social functioning and fatigue, pain, sleep disturbance, appetite
loss and constipation symptoms were statistically significant. Collapsing unordered levels (model 7) did not
improve the results; however, including age improved the results (model 8).

Model performance statistics indicate that item models consistently performed better than the
domain-level models. All the models tended to underpredict EQ-5D scores for those in near perfect or full
health and overpredicted those in poorer health (Figure 6). Dimension level models predicted individuals in
full health, with values above 1, but item-level models did not.