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Abstract

Introduction Cystic fibrosis (CF) is a life-limiting, hereditable condition, with the highest prevalence in Europe. CF treat-
ments have led to improvements in clinical symptoms, disease management and decelerated disease progression. However,
little is known about the health state utility (HSU) associated with CF disease states, adverse events, and changes in disease
severity. Although HSU data have contributed to existing health economic modelling studies, a lack of such data have been
highlighted. This systematic review aims to provide a summary of HSU-related research in CF and highlight related research
gaps.

Methods Online searches were performed in six databases and studies in any of the following categories were included:
(1) estimation of HSUs in CF; (2) mapping studies between patient-reported outcome measures (PROMs) and HSUs; (3)
economic evaluations on the management of CF that report primary HSU data; and (4) any CF clinical trial that reported
HSU as an outcome.

Results A total of 17 studies were reviewed, of which 12 provided HSU values for specific CF populations. The remaining
five articles provided HSU data that were broken down by CF relevant health states, including lung transplantations, pul-
monary exacerbation (PEx) events and forced expiratory volume in 1 s (FEV)).

Conclusion Current HSU data in CF are limited and there is considerable scope for further research, both in providing HSU
values for CF and in investigating methods for HSU elicitation/evaluation in CF populations.

Key Points for Decision Makers

Current research focuses on country- and population-
specific mean health state utility in CF.

Little research exists on health state-derived utility for
different forced expiratory volume in 1 s (FEV,) catego-
ries, or related to pulmonary exacerbation events.

Electronic supplementary material The online version of this The majority of studies use multi-attribute instruments
article (https://doi.org/10.1007/s41669-019-0144-1) contains to measure utility, with greater focus on the EuroQol
supplementary material, which is available to authorized users. 5-Dimension (EQ-5D) since 2013.
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1 Introduction

Cystic fibrosis (CF) is a life-limiting condition. In the UK,
an increase in survival among people with CF leads to higher
demands for treatment, with one author suggesting a rise in
the population from 9400 in 2010 to 14,440 in 2025 [1]. The
average annual cost for treatment from a societal perspec-
tive was €49,000 per CF patient, doubling to €76,000! for
those with CF receiving additional caregiver support [2].
As a result, even though CF has a low incidence, it results
in substantial economic burden [2]. Treatments received
by CF patients lead to improvements in clinical outcomes
[3-6]. However, estimates of the cost effectiveness of new
treatments are important components of the decision-making
framework for adoption decisions made by governing bodies
such as the National Institute for Health and Care Excel-
lence (NICE) in the UK [7]. Health state utility (HSU) val-
ues play a central role in summarising health-related quality
of life (HRQOL) to support economic evaluations and can
be elicited or evaluated through direct or indirect methods,
respectively [8].

Direct methods such as time trade-off (TTO) and standard
gamble (SG) elicit values directly from individuals, either
in relation to their own health or to a range of hypothetical
scenarios; however, these exercises can be onerous and dif-
ficult for individuals to complete. HSU generated by these
exercises are anchored at O (dead) and 1 (full health) [8].
Indirect methods use questionnaires, such as the EQ-5D, to
determine the perceived health states of respondents, across
a number of domains such as mobility or pain. Subsequently,
the EQ-5D health states scores are converted to country-spe-
cific utility values through the use of country-specific value
sets. The importance of using country-specific value sets has
recently been studied by Gerlinger et al. [9]. In summary,
the study has highlighted that misappropriation of value sets
for calculating utility can lead to significant differences in
utility values.

Indirect methods have the advantage that they are rela-
tively straightforward to complete and can be easily included
in many studies, such as randomised controlled trials. Indi-
rect measures are required or suggested for inclusion in eco-
nomic evaluations in some countries, including England,
Wales, Spain, France, Finland, Poland, New Zealand and
The Netherlands [10]. HSUs, particularly those generated
through generic questionnaires such as the EQ-5D [7], are
required by regulatory bodies such as NICE.

In a health economist’s ideal world, all clinical trials con-
ducted on healthcare interventions would include some form
of valuation of HSUs; however, often this does not occur. In

! Cost year 2012.
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these cases, it may be possible to provide estimates of HSUs
through mapping [8]. ‘Mapping’ allows conversion of out-
comes from a patient-reported outcome measure (PROM),
which does not provide HSUs, to a generic preference-based
measure (PBM) that allows estimation of HSUs [10], which
in turn can be used for health economic modelling.

We undertook a systematic review that aimed to identify
all studies that determine HSUs in CF, as well as studies that
provide HSU data for specific populations of CF patients.
Our main goal was to inform future health economic models
by presenting the available evidence.

2 Methodology

This study follows the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [11]
for reporting systematic reviews. Our review is not aimed at
identifying HSU values for a particular treatment or inter-
vention of interest; however, we follow guidelines set out
by Ara et al. [12] on how to conduct systematic reviews for
published HSU values.

2.1 Inclusion Criteria

The PRISMA guidelines do not relate directly to an HSU
systematic review [13], however we still consider these use-
ful in this case as they outline the boundaries of the review
in a format familiar to readers. The HSU values we seek
pertain to patients of any age with CF and the health states
associated with these patients. Studies that reported HSU
values gained through proxy responses are also included.
Studies solely utilising HSUs, or sections of studies provid-
ing additional information on HSUs based on rating scales
such as the visual analogue scale (VAS), were excluded.
Such scales are not considered HSU values unless anchored
by ‘full health’ and ‘dead’, and also risk scaling biases such
as the end-of-scale bias [14].

Studies included in this review were assigned to one of
three categories during the title and abstract screening pro-
cess. These categories included (1) measuring HSU in CF
patients; (2) mapping between PROMs and PBMs (e.g. the
Cystic Fibrosis Questionnaire—Revised [CFQ-R] and the
Short-Form 6-Dimension [SF-6D]); and (3) any CF clinical
trial that reported HSU as an outcome. Economic evalua-
tion studies were included to ensure the search for primary
research around utility-based articles/research was more
robust; however, they were only included if they presented
primary utility data. If these economic evaluation studies
referred to secondary utility data from the literature, the
original source was retrieved and was considered for inclu-
sion in the review.
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2.2 Search Strategies and Study Selection

Search strategies were designed in order to identify the
appropriate original published studies for this review. Text
words, phrases, synonyms and indexing terms were selected
through the Medical Subject Heading (MeSH) thesaurus.
Preselected search strategies were also utilised from a previ-
ous study [15]. These met the recommendations reported by
Ara et al. [12], a study detailing the identification, review
and synthesis of HSU values from the literature. Appropri-
ate changes were made to the search strategies in order to
tailor them to different subject heading terms in alternative
databases (see the electronic supplementary material). Data-
bases utilised in this review were MEDLINE, Ovid, PubMed
(PubMed + PubMed Central), PsycINFO, Web of Science,
Cochrane Library (National Health Service Economic Eval-
uation Database [NHS EED] only), School of Health and
Related Research Health Utilities Database (SCHARRHUD),
and Cumulative Index to Nursing and Allied Healthcare Lit-
erature (CINAHL). The Google search engine was also used
by selecting key search terms, as the search algorithm for
this database changes frequently, with the first 50 results
reviewed for inclusion. No date restrictions were applied,
although we restricted the language to English only. Studies
were not included if they were books, editorials, conference
abstracts or theses.

Forward citation searching was undertaken using the Web
of Science (ISI) to find further evidence that could be incor-
porated. Additionally, the bibliography of articles (backward
citation searching) selected for full-text review, particularly
the economic evaluations, were hand-searched for relevant
literature. The last date for conducting searches in the data-
bases was 15 March 2019.

Two rounds of selection were carried out by two authors
(BM and AB) based on the inclusion criteria, and any disa-
greements were adjudicated by a third author (JW). Data
were extracted using Microsoft Excel® (Microsoft Corpo-
ration, Redmond, WA, USA), in which the initial form was
piloted using a few studies, subsequent to which a final tem-
plate for data extraction was selected.

2.3 Quality Assessment of Studies

Quality assessment of the studies evaluated in this review
was not conducted. There were no instruments or checklists
that focused on assessing HRQOL studies that allow defini-
tive categorisation of study quality.

3 Results
3.1 Search Results and Study Selection

A total of 3480 articles were found through our electronic
searches, reducing to 2632 articles after removing 848 dupli-
cates. A further 2385 articles were excluded at the title and
abstract screening stage, leaving 247 articles. Of these, 204
were removed after full-text review. Finally, a further 26
articles were excluded because they were study protocols,
conference abstracts, not written in English, presented a
VAS only, or were economic evaluations. The economic
evaluations identified did not contain primary data on utili-
ties, and were therefore removed from the review at this
stage subsequent to checking references for primary utility
research articles. A total of 17 articles were included in our
review and were processed for data extraction in Microsoft®
Excel by two authors (BM and AB). A PRISMA diagram
demonstrating the process of study selection is presented
in Fig. 1.

3.2 Study Characteristics

Table 1 summarises the key study characteristics. Included
studies were published from 1990 onwards. The most recent
publication was 2018, with more than 20% being conducted
in 2015. The length of each study period varied. Most stud-
ies undertook only a cross-sectional measurement, while
others included longitudinal follow up, up to 5 years. Stud-
ies were undertaken within many different countries in and
outside of Europe, with one study [21] covering multiple
countries that were part of the same BURQOL-RD research
network study. The most common countries were the US
and the UK, with eight and three studies, respectively. Two
studies were from Australia [25, 28].

In Table 2, we have categorised studies into three broad
types since no studies of the fourth type specified in our
inclusion criteria—economic evaluations presenting primary
utility data—were identified for inclusion. Studies focusing
on determining HSUs were categorised as HSU elicitation/
evaluation studies, while studies that elicited/evaluated HSU
as a secondary outcome in a clinical trial were categorised
as randomised clinical or crossover trials, as appropriate.
Finally, studies focusing on deriving HSU values from one
instrument based on outcomes from another were labelled
as mapping studies.

Patients in the studies included children, adolescents,
adults, or mixed-age populations. The studies in this review
included 2859 CF patients, with sample sizes ranging from
6 to 920. The largest sample came from a study looking
at HRQOL across multiple European countries, conducted
as part of the BURQOL-RD research network study [19].
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Fig. 1 PRISMA diagram
showing the study selection
process (adapted from Moher
etal. [11]). PRISMA Preferred
Reporting Items for Systematic

Initial Search:

CINAHL, Cochrane Library,
MEDLINE, PsycINFO, Web of
Science, Google, SSHARRHUD

Reviews and Meta-Analyses, N=3,480
CF cystic fibrosis, VAS visual —1 EXCLUDED
analogue scale Duplicates removed
N= 848
Title and Abstracts screened at First
Stage
N=2.632
f Title and Abstract screening
EXCLUDED
'L N=2,385
INCLUDED
N=247
( EXCLUDED \
Review irrelevant:
Psychometric study
Patient perception study
General CF study
( \ Non-CF study
INCLUDED Book/Thesis
After Full Text N=204
Screening: \ j
Utility measurement
Mapping study
Economic Evaluation
Clinical Trial PRISMA
\ N=43 J EXCLUDED Adapted
Conference Abstracts — 7 Moher et al
Study protocol - 1 .
Not English — 5 showing the
VAS only- 3 study
Economic Evaluation -10
N =26

INCLUDED
For Full Systematic review

N=17

Participant age varied across studies, with the youngest
mean age being approximately 9 years [30] and the oldest
mean age being 30 years [22].

In some cases, proxy HSU values were obtained for CF
patients from their carers [2, 19-21, 30]. Dewitt et al. [24]
only utilised a proxy when patients with CF were under a
particular age, i.e. < 14 years. Some studies also provided
values for the carer’s own HSU [2, 19-21].

Two studies were ambiguous about how the question-
naires were completed [25, 28], and one study interviewed
the participants and subsequently allowed them to complete
the questionnaire at home [30]. Lastly, one study collected
information through face-to-face interviews [26].
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3.3 Health State Utility (HSU) Elicitation/Evaluation

Table 2 provides a summary of HSU elicitation/evaluation
procedures, value sets used and interventions considered.
From the 17 studies evaluated in this review, 13 reported
HSUs derived using indirect evaluation. The most common
instrument used to derive HSU was the EQ-5D [2, 16-23].
This included different versions of the EQ-5D—the 3-Level
(3L) and the 5-Level (5L). Studies that utilised the EQ-
5D-5L version of the instrument [2, 19, 21] mapped their
results to the 3L instrument due to the lack of a value set at
that time, which is what NICE recommends [7]. However,
a single study [16] stated that they used the 5L value set
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Table 1 Summary characteristics of the included studies (by descending publication date)

Author Year Country Subjects Type of study Sample
size total
Gold et al. [16] 2018 USA Patients (adults and children admitted to hospital HSU evaluation study 169
for IV treatment post PEx)
Singer et al. [17] 2017 USA Patients (adults > 18 years to 75 years of age) HSU evaluation study 19
Solem et al. [18] 2016 USA Patients (adults) > 12 years of age (Ivacaftor ther- HSU evaluation study 161
apy in CF patients with the G551D mutation)
Chevreul et al. [19] 2016 Multiple Patients (adults and children) [or proxy/carer] and HSU evaluation study 920
carers

Iskrov et al. [20] 2015 Bulgaria Patients (adults and children) and carers HSU evaluation study 40

Chevreul et al. [21] 2015 France Patients (adults and children) [or proxy/carer] and HSU evaluation study 166
carers

Angelis et al. [2] 2015 UK Adults, children and caregiver HSU evaluation study 74

Acaster et al. [22] 2015 USA Patients (adults) > 18 years of age Mapping study 401

Bradley et al. [23] 2013 UK Patients (adults) > 16 years, + bacterial infec- HSU evaluation study 94
tion, + antibiotic medication

Dewitt et al. [24] 2012 USA Patients with mild lung impairment (FEV,=>75) Randomised clinical trial 328
and carers

Fitzgerald et al. [25] 2005 Australia Children, adolescents and adults (5-18 years of =~ Randomised clinical trial 50
age)

Yi et al. [26] 2003 USA Patients (8—12 years of age) [no patients who HSU elicitation and evaluation study 65
have had lung transplant; no further mention of
an actual population group]

Suri et al. [27] 2001 UK Children only Randomised crossover trial 40

Selvadurai et al. [28] 2001 Australia Patients (8—16 years of age), admitted to hospital HSU evaluation study 44
for infective PEx

Busschbach et al. [29] 1994 USA Patients (adults) waiting for and having received a HSU elicitation study 6
lung transplant

Czyzewski et al. [30] 1994 Netherlands Patients and carers (children and adolescents and HSU evaluation study 254
caregiver)

Orenstein et al. [31] 1990 USA CF patients older than 10 years of age, positive HSU evaluation study 28

for bacterial infection and treated with a new

antibiotic (proxy: examiner)

CF cystic fibrosis, IV intravenous, PEx pulmonary exacerbations, FEV, forced expiratory volume in 1 s, HSU health state utility

to obtain EQ-5D-5L-related index values, but the source
showed a 3L-related value set. Other instruments used
included the Quality of Well-Being (QWB) instrument [25,
27, 28, 30, 31], and the Health Utilities Index (HUI), [24,
26]. Direct HSU elicitation via TTO and SG was used by
two studies [26, 29].

3.4 Scoring Algorithms for Indirect Evaluation

In order to obtain HSU data from indirect evaluation instru-
ments, the health state described by the patient or proxy
is scored using a valuation set. A value set based on the
UK general population, described by Dolan [33], was com-
monly used to calculate HSU values for studies using the
EQ-5D-3L instrument, although it was not used exclusively
for UK studies. Different value sets were utilised for the
EQ-5D-3L on only two other occasions, i.e. by Chevreul
et al. [21], who used a French value set [34] for a French

study, and Chevreul et al. [19], who utilised multiple value
sets for different European countries. Chevreul et al. [19]
also applied value sets from different countries to the PBM
scores in cases where value sets were not available for that
particular country.

Five studies were investigated to understand which value
sets they had utilised to convert QWB scores into HSUs
[25, 27, 28, 30, 31]. There was no clear information about
the value set in any study; however, we are aware that the
HSU scoring algorithm is available from the developers of
the instrument [8].

Finally, two studies utilised the HUI, versions 2 and 3 [24,
26]. Neither study provided information around the value
sets that were used to calculate their respective HSUs.
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Table2 Summary of HSU data collection (by descending publication date)

Author Method of obtaining utilities HSU for specific Value set utilised  Intervention/health
- - - CF health states state
Direct  Indirect Mapping study Instrument/tech-
elicita-  evaluation® nique
tion
Gold et al. [16] v EQ-5D-5L v AHRQ" [32] PEx
Singer et al. [17] v EQ-5D-3L v Unknown Lung transplantation
Solem et al. [18] v EQ-5D-3L v Dolan [33] Ivacaftor
Chevreul et al. [19] v EQ-5D-5L (map- X Multiple countries —
ping to the 3L
value set)
Iskrov et al. [20] v EQ-5D-3L X Dolan [33] -
Chevreul et al. [21] v EQ-5D-5L (map- X Perneger et al. [34] —
ping to the 3L
value set)
Angelis et al. [2] v EQ-5D-5L>EQ- X Kind et al. [35] and -
5D-3L°+ VAS Dolan [33]
Acaster et al. [22] v CFQ-R to EQ- v Dolan [33] -
5D-3L
Bradley et al. [23] v EQ-5D -3L v MVP Group [36] PEx
Dewitt et al. [24] v HUI2/3 X Unknown Chloride channel
activator
Fitzgerald et al. v Quality of well- X Unknown rhDNase
[25] being
Yi et al. [26] v v Time trade-off, v Unknown and -
standard gamble direct valuation
and HUI2
Suri et al. [27] v Quality of well- X Unknown rhDNase
being
Selvadurai et al. v Quality of well- X Unknown Aerobic vs. resist-
[28] being ance training
Busschbach et al. v Time trade-off and v/ Unknown and Lung transplantation
[29] standard gamble direct valuation
Czyzewski et al. v Quality of well- X Unknown -
[30] being
Orenstein et al. [31] v Quality of well- X Unknown Antibiotic (Abx)

being

HSU health state utility, CF cystic fibrosis, HUI Health Utilities Index, PEx pulmonary exacerbations, VAS visual analogue scale, CFQ-R Cystic
Fibrosis Questionnaire-Revised, AHRQ Agency for Healthcare Research and Quality, EQ-5D-3L 3-level EuroQol 5-dimension, EQ-5D-5L
5-level EuroQol 5-dimension, rhDNase recombinant human DNase

*Preference-based measure

bAgency for Healthcare Research and Quality

‘EQ-5D-5L was used, but the value set for conversion was for EQ-5D-3L

3.5 Mapping between Instruments

In many instances, a study does not use an instrument capa-
ble of generating HSUs, but does report PROMs. Mapping is
a technique that allows an estimate of HSU data for instances
where no such data are directly available. In this review, we
identified a single study that undertook mapping from the
CFQ-R disease-specific instrument to the EQ-5D-3L [22].
Regression modelling approaches were utilised in order to
determine the most appropriate prediction model [22].

A\ Adis

3.6 Health State-Specific HSU

Of the 17 studies included in this review, only seven pro-
vided data that were broken down in some form by CF dis-
ease-relevant interventions or health states. These included
health states related to lung transplantation [17, 29], pul-
monary exacerbation (PEx) events [16, 18, 23] and forced
expiratory volume in 1 s (FEV)) [18, 22, 26].
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3.6.1 Lung Transplantation

Lung transplantation HSU data reported by Busschbach
et al. [29] were separated by time points prior to, during
and after the transplant, where the utilities were 0.8, 0.4 and
0.9, respectively [29]. The treatment sample in the paper
by Busschbach et al. [29] was small, and, as a result, no
significance testing was undertaken. Additionally, these CF
patients were hypothetically put into different lung trans-
plantation health states and were described as overestimating
their HSU. Overestimation of HSU was linked to coping
mechanisms [29]. For these reasons, HSU data derived from
these CF patients should be used with caution in health eco-
nomic modelling.

In contrast, a US-based study by Singer et al. [17], pro-
spectively evaluated HSUs in 19 CF patients aged between
18 and 49 years as part of a larger cohort of 211 patients
with advanced lung disease. The cohort consisted of those
subjects being admitted to hospital after donor offer and
those staying at home. The study evaluated the HSU of
patients from the point of entering a transplantation wait-
ing list until 3 years post-surgery. At baseline, younger and
older patients reported similar HSUs (0.60, interquartile
range [IQR] 0.44-0.78). After initial improvement in HSUs
up to 3 months post-surgery (+0.32, 95% confidence inter-
val [CI] 0.23-0.41) for those who survived the remainder
of the 3-year follow-up (those who died were assigned an
HSU of 0), HSU declined by clinically negligible amounts
(—=0.01,95% CI —0.03 to — 0.001). After adjusting for age,
sex, body mass index (BMI) and FEV |, a significant differ-
ence was observed (p <0.0003) in HSU post-surgery (0.30,
95% CI 0.22-0.39). There was no significant difference in
HSU for those in hospital versus those at home in the run-
up to surgery. Post-transplantation, improvements in HSUs
experienced by younger and older patients were not signifi-
cantly different. Overall, transplant was associated with a
three/four times minimum clinically important difference in
HSU of 0.06.

3.6.2 Pulmonary Exacerbations

The PEx HSU was separated by PEx requiring/not requir-
ing hospitalisation and the time periods prior to and after
the events [18], no/moderate/severe PEx [23], and index
day, day 7 and end of PEx treatment (day 28) HSUs [16].
From the data reported by Bradley et al. [23], it is evident
that the increasing severity of PEx events is associated
with a decrease in the EQ-5D HSU score. HSU values and
95% Cls were 0.85 (0.80-0.89), 0.79 (0.67-0.91) and 0.60
(0.44-0.76) for no, mild and severe PEx events, respectively
[23], for a patient sample size of 94.

HSU data relating to PEx were investigated by Solem
et al. [18], who obtained data at various time points before

and after the PEx. Their study, with a total of 161 patients,
was based on whether the patient required hospitalisation or
not. For PEx events that required hospital admission, HSU
was the lowest through a 1-week period during the build-up
to a PEx event (0.76, standard error [SE] 0.033). HSU up to
8 weeks prior to PEx was highest (0.9, SE 0.020, p < 0.001)
compared with time periods up to 8 weeks after the event
(0.86, SE 0.021, p=0.002). Compared with the reference
period, these HSUs 8 weeks prior and post were signifi-
cantly different (p < 0.001). This change suggests a clinically
important minimum difference in HSU according to a value
of 0.074 (range — 0.011 to 0.140) [37]. This pattern for the
EQ-5D HSU score does not exist in the non-hospitalised
PEx events group. The HSU value for the non-hospitalised
group during the build-up to a PEx was lowest (0.88, SE
0.029) compared with the HSU score 1-4 weeks after the
PEx (0.92, SE 0.029), with differences in these values com-
pared with the reference period being non-significant (p
= 0.7). When looking at the association of EQ-5D to PEx
events and FEV through multivariate analysis, lower FEV,
and PEx (any, hospitalisation/no hospitalisation) had a sig-
nificant (p < 0.05) negative impact on EQ-5D index scores.
However, when PEX status (requiring hospitalisation or not)
was added to the multivariate analysis, the results showed
that experiencing a PEx that required hospitalisation, as well
as having a low FEV |, were significant (p < 0.05) predic-
tors of low EQ-5D index scores (—0.002, p = 0.013) [18],
whereas, when looking at those who were not hospitalised
and had a low FEV, there was a negligible positive effect
(0.001, p =0.016) [18].

Lastly, Gold et al. [16] evaluated PEx HSU at three time
points. Patients were stratified by those younger and older
than 18 years of age. Both patient groups experienced sig-
nificant improvements in HSU at the end of treatment com-
pared with index day (< 18: index day 0.84, standard devia-
tion [SD] 0.10; end of treatment 0.92, SD 0.09; > 18: index
day 0.79, SD 0.13; end of treatment 0.89, SD 0.13).

In summary, PEx event data presented covered a 4- to
48-week period [16, 18, 23] and had limited application for
this particular health state due to the nature of the popula-
tions, treatments being investigated, and the duration of the
studies. Solem et al. [18] evaluated the impact of Ivacaftor
on PEx events; Bradley et al. [23] examined the HSU of
those who were taking oral or inhaled antibiotics; and Gold
et al. [16] investigated the impact of PEx and subsequent
intravenous treatment in hospital. Therefore, HSU values
are only available in CF patients receiving those treatments
or in those settings.

3.6.3 Forced Expiratory Volumein 1s

FEV -derived HSUs were investigated in three studies [18,
22, 26]. Acaster et al. [22] categorised FEV-derived HSU
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into three states: mild, moderate and severe. Their HSU was
self-reported in a cohort of self-diagnosed CF patients. Yi
et al. [26] and Solem et al. [18] reported and categorised
FEV -derived HSU into four states.

The studies undertook FEV, evaluation using different
approaches. Acaster et al. [22], with surveys completed by
401 participants, mapped the CFQ-R instrument to the EQ-
5D-3L by three FEV, severity levels, while Yi et al. [26]
used a combination of a direct elicitation approach of TTO
and SG, in addition to the HUI2 PBM instrument, in 65 ado-
lescents aged between 12 and 18 years, to determine HSU
and categorise FEV | by four severity levels. Solem et al. [18]
reported HSU from a cohort of 161 CF patients who were
being treated with Ivacator.

The calculated HSU data in the study by Acaster et al.
[22] shows a decrease in HSU scores with increasing sever-
ity according to the EQ-5D-3L (0.74 [SD 0.27] to 0.54 [SD
0.29]). Similarly, Solem et al. [18] presented such a relation-
ship with no, mild, moderate and severe lung dysfunction,
i.e. 0.931 (SE 0.023), 0.923 (SE 0.021), 0.904 (SE 0.018),
0.870 (SE 0.020), respectively. Through multivariate analy-
sis, Solem et al. [18] showed that better FEV, was associ-
ated with a higher EQ-5D score [18]. This is contrary to the
relationship between FEV, and EQ-5D that was identified
by Gold et al. [16]. They did not identify a significant asso-
ciation between change in FEV, and EQ-5D-5L over treat-
ment time. This relationship was further evaluated through a
generalised linear regression model that indicated that FEV
was not significantly associated with changes in EQ-5D-5L
index scores.

The above relationship is not so evident in some cases
reported by Yi et al. [26]. For instance, the HUI2 score
was higher for those in the 60-70% predicted class (0.85,
SD 0.15) than those in the >79% predicted class (0.82, SD
0.15). Similarly, for the SG, there was variation across differ-
ent FEV, severities, with HSU for 40-59% FEV, (0.96, SD
0.08) being better than that of >79% FEV, (0.92, SD 0.16).
The same is evident in the TTO data, with those in both the
60-70% predicted class (0.97, SD 0.06) and the 40-59%
predicted class (0.98, SD 0.03) having similar HSUs to those
in the > 79% predicted class (0.96, SD 0.08).

3.7 Mean Population-Based HSU

Of the 15 studies included in this review, 10 provided mean
HSUs for specific CF populations. The studies cover popu-
lations on the following treatments/interventions: recom-
binant human DNase (rhDNase) [25, 27], antibiotics [31],
aerobic versus resistance training [28], education [30] and
chloride channel activator [24]. These studies particularly
focus on characterising change in HSU pre- and post-inter-
vention over time. A range of issues with HSU reporting
were highlighted for these articles, including non-significant
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differences in HSUs [24, 27, 31], poor data presentation [25,
28] and no post-treatment HSU [27].

3.7.1 Recombinant Human DNase

rhDNase was evaluated in two clinical trials [25, 27]. Each
study targeted different population groups, i.e. children only
[27] or children and adults [25]. Both studies used the QWB
instrument. In their study, Suri et al. [27] did not provide
HSU data post-treatment with rhDNase, and only included
a baseline QWB score of 0.61 for their CF study population.
Suri et al. [27] also evaluated two different rhDNase treat-
ment regimens—once daily or alternative days of rhDNase
against twice-daily hypertonic saline. The article simply
states that QWB scores following the 12-week trial showed
no significant differences between the treatment options.

Fitzgerald et al. [25] evaluated the impact of adminis-
tering rhDNase before or after physiotherapy treatment as
part of a clinical trial. The results showed significant differ-
ences in QWB between the two treatment periods—0.778
vs. 0.752 (p < 0.05); however, it is not clear from the article
what period represents which treatment option.

3.7.2 Chloride Channel Activator

Dewitt et al. evaluated the impact of denufosol, a chloride
channel activator, on CF patients with mild impairment in
lung function, over a 48-week period [24]. The study utilised
the HUI2/3 to evaluate the HSU of treatment; the baseline
value was high at 0.90 (SD 0.14), but there were no signifi-
cant changes in the HSU of the treatment period in either
instrument (0.01, 95% CI —0.013 to 0.031).

3.7.3 Aerobic Training Compared with Resistance Training

Selvadurai et al. [28] evaluated the impact of aerobic ver-
sus resistance training on QWB subsequent to a pulmonary
infection. Significant changes (p < 0.05) in quality of life
were only seen in the aerobic training group; however,
graphically, this is presented poorly and as a result is dif-
ficult to quantify.

3.7.4 Education Intervention

Czyzewski et al. measured HSU using the QWB, as part
of a study investigating the effect of a clinical education
intervention [30]. The interdependent respondent agreement
between parent/caregiver and adolescent CF patient in terms
of HSU was evaluated. Scores were 0.79 (SD 0.09) and 0.76
(SD 0.08) for caregivers and adolescents, respectively, and
they were poorly correlated (r=0.39, < 1, which shows a
perfect positive relationship). Pearson’s correlation coef-
ficient showed poor correlations between adolescents and
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caregivers (p = 0.05) in terms of inter-respondent agree-
ment. There was also no significant relationship between
disease severity (FEV,) and QWB scores for either parents
or patients (p = not given).

3.7.5 Antibiotics

The QWB instrument was applied to CF patients being
treated with oral ciprofloxacin for PEx [31]. Change in QWB
was scored in the patient sample subsequent to treatment
and showed a mean change of 0.104 (SD 0.122), but the
worse and best changes in QWB were —0.201 and 0.209,
respectively.

3.8 Cohort Studies

Finally, four studies [2, 19-21] evaluated HSU in a range of
European countries as part of the BURQOL-RD Research
Network. The overall population covered within the indi-
vidual countries was based on the same criteria—CF patient
centre or its equivalent in different countries, and CF Trust
registries. The instrument used to calculate the HSU was
the EQ-5D. Three studies presented novel data [2, 20, 21],
with a fourth study presenting a summary of these studies,
with some additional countries being evaluated as part of
the project [19], including Germany, Hungary, Italy, Spain
and Sweden.

The summary article by Chevreul et al. [19] evaluated
HSU in 649 adults and children. For the adults, the mean
HSU assessed through the EQ-5D in eight countries was
between 0.640 and 0.870, and showed a statistically sig-
nificant negative relationship with increasing age associated
with decreasing HSU (p < 0.0172) [19]. HSU values for chil-
dren were obtained by means of proxy responses obtained
from caregivers. HSU values were between 0.647 and 0.919,
but the relationship between age and HSU was not evident in
this group, although there was a clear relationship between
decreasing HSU for those children with high dependency
(< 0.0023) [19].

The HSU of CF patients in France was evaluated in a
total of 166 patients, 54% of whom were children [21]. The
study showed an average HSU of 0.73 (SD 0.231). No gen-
der-based differences in HSU were found, although patients
with longer disease duration had significantly worse HSU
(0-9 years: 0.738 vs. 0.356; after 30 years, p=0.0498) [21].
Compared with children, adults had a lower HSU (0.783
vs. 0.667, p=0.0015), although a majority of the children’s
HSU data were calculated through carer proxy (89%) [21].
In Bulgaria, the HSU of 33 CF patients was evaluated, but
only represented 19% of those treated in an outpatient set-
ting [20]. Of the 33 patients, 23 provided HSU data with a
median value of 0.592, but values ranged from worse than
death (—0.385, more than 25% of patients) to 0.768 [20].

The study found that HSU was worse in children compared
with adults [20], which is the opposite of what one may
expect based on the worsening FEV, of CF over time.

Evaluation of the individually published cohort studies
showed discrepancies in the data. Not all the data in the
study by Chevreul et al. [19] matched those figures provided
within the studies by Chevreul et al. [21], Angelis et al. [2]
or Iskrov et al. [20]. Further evaluation of the number of
patients utilised to reflect the EQ-5D-3L data showed, for
example in the study by Angelis et al. [2], that not all of
the 37 adult patients filled in an HRQOL questionnaire, as
stated in Table 2 of the study by Chevreul et al. [19]. The
reported HSU values in the study by Angelis et al. [2] were
based only on adult patients, even though Table 1 also states
patient characteristics for children. More detailed report-
ing on children or proxy HSUs is available in the study by
Chevreul et al. [19]; however, Angelis et al. [2] also state
that the article is intended to be a descriptive summary, not
a quantitative summary.

A similar case is evident in the other two publications [20,
21]. Chevreul et al. [21] state that of the total 240 patients,
only 166 provided HSU data. Additionally, the HSU data
values presented for children in the study by Chevreul et al.
[21] are different to those presented by Chevreul et al. [19];
we are unsure why this is the case. Similarly, in the study by
Iskrov et al. [20], it is stated that 23 patients were evaluated
for their HSU, whereas the study by Chevreul et al. [19]
states 33 patients. Iskrov et al. [20] presented HSU data as
a median value with an IQR, however Chevreul et al. [19]
presented HSU data as a mean value, which makes cross-
checking of the results difficult. Consistent reporting or
reporting in a single article would prove more beneficial
for readers interested in using HSUs for health economic
modelling of CF.

4 Discussion

Health economic modelling has become a key component
of healthcare decision making and its use is recommended
by NICE for technology appraisals [7]. However, in order
to undertake health economic modelling, there needs to be
sufficient data to populate the model, which in turn should
reflect disease progression [38]. Previous research [39] and
models have highlighted a lack of HSU evidence to inform
CF health economic models [15, 40].

This is the first systematic review to describe the HSU
data available in the literature for CF. We found that HSU
values for specific CF health states were only available for
seven studies [16—18, 22, 23, 26, 29] that focused on lung
transplantation, PEx events and FEV,. These studies have
substantial limitations in their application. A total of 10 stud-
ies evaluated HSU in a range of different CF populations,
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and these studies provided mean values at cross-sectional
time points, i.e. every 12 weeks for up to 1.5 years. The
majority of the HSU information was gathered using the
EQ-5D (3L/5L). These studies are of particular interest
in the UK as the EQ-5D is the reference-case instrument
recommended by NICE for use in all Health Technology
Appraisals (HTA) [7]. From the studies that evaluated HSU
using the EQ-5D, we can understand that the population
samples are quite different from each other, as well as the
possible application of the HSU data obtained from the
studies.

As the first study to review the literature for information
around HSU in CF, we have identified the small number of
studies that focus their attention on deriving HSU data for
CF patients for the health states that may be needed to model
the cost effectiveness of interventions for CF. Considering
the improvements in CF mortality and morbidity over the
last 50 years, which are largely related to improvements in
screening [41, 42] and treatment of the condition [1, 43],
this finding comes as a surprise, especially since health eco-
nomic models currently exist that examine the cost effective-
ness of a range of interventions available to CF patients [15,
40, 44-48]. For this dearth of evidence to come to light at
this time suggests that CF research around health utilities
has been slow.

HSU values found in this review have limited application
due to the treatments being considered. Such studies do not
allow for the generalisability of the HSU data to CF patients
as the studies have selectively picked certain CF patients for
inclusion into their clinical trials.

Future work should look at HSU elicitation/evaluation,
longitudinal HSU measurement, and mapping studies. How-
ever, priority should be given to eliciting/evaluating HSU
through use of the aforementioned direct and indirect meas-
ures, rather than mapping. Health state preference elicita-
tion/evaluation could focus on significant adverse events
such as PEx, CF-related diabetes (CFRD), CF-related liver
disease (CFLD) and other lifelong complications such as
distal intestinal obstruction syndrome. Attempts should be
made to measure HSU as close to the event as possible.
Similarly, the HSU of adults with differing FEV, could be
assessed multiple times annually, or collected on the encoun-
ter of complications or adverse events. Such longitudinal
measurements will allow for more reflective health eco-
nomic evaluation of interventions. Another avenue for elici-
tation/evaluation of HSU data could be the CF Trust registry,
which recently launched a study looking at quality of life in
CF adults [49, 50]. Studies on HSUs using the EQ-5D would
also allow research to further explore problems around the
ceiling effects of the instrument that have been mentioned in
NICE appraisals of Orkambi® [51] as well as the published
literature [18]. This in turn would provide evidence of the
appropriateness of the EQ-5D as a PBM measure in CF.
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HSU derived from the EQ-5D is advantageous as it is
considered to be the most appropriate measure for HTA by
NICE in most circumstances [7]. When studies use different
measures, other than the EQ-5D, to determine HSU, this
inherently prevents cross-comparison against findings from
cost-effectiveness studies that use the EQ-5D outside of CF.
However, the sensitivity and responsiveness of the EQ-5D is
not proven in CF and therefore use of a conditions-specific
measure in addition to the EQ-5D may be appropriate. This
review indicates that a number of different methods have
been used to determine HSUs, but who decides which meas-
ure is the best or most appropriate? No current consensus
exists as to which instruments are the most appropriate for
use in CF. Studies conducted in the past, in a range of dis-
ease areas, around the comparison of HSU data obtained
from different instruments showed that there was poor to
moderate agreement between instruments [8]. These differ-
ences can subsequently impact the cost per quality-adjusted
life-year (QALY) ratio [8].

From the review, it is evident there is only one study
considering mapping for a CF-specific instrument to the
generic EQ-5D [22]. Currently, many instruments that
measure PROMs exist that do not have an associated pref-
erence-based scoring system (such as the CFQ-R and the
Cystic Fibrosis Quality of Life [CFQoL]), and therefore
do not allow for HSU and subsequent (QALY) measure-
ment. Although generally considered inferior to evaluation
through PBMs as an outcome measure, future mapping stud-
ies between PROMs and PBMs could allow for better avail-
ability of HSU and QALY data. This could prove useful
for health economic modelling in CF. An added incentive
to undertake such studies, especially in the UK, could be
the fact that NICE recommend undertaking mapping in the
absence of EQ-5D data in clinical trials [7].

Recently, the James Lind Alliance (JLA) showed quality-
of-life evaluation, particularly for the long-term effects of
CF transmembrane receptor (CFTR) modulators [52], was
a top research priority. This is based on what patients, clini-
cians, nurses and other healthcare staff consider to be priori-
ties of research in CF.

5 Limitations of this Review

This review only considered full-text articles. Abstracts
identified in this review included a study by Choyce et al.
[53] that evaluated the impact of home monitoring in reduc-
ing hospital admission and HSU through the EQ-5D-5L;
Giron et al. [54] evaluated EQ-5D-3L-derived HSUs in
Spanish patients who had mild or moderate PEx events;
L’abbe et al. [55] evaluated HSUs in CF lung transplanta-
tion patients; and Yarlas et al. [56] evaluated HSUs in CF
patients in Europe and the US. These studies would prove
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useful additions to this review if/when a future update is
available to expand on these abstracts. A total of five studies
were excluded from this review as they were in languages
other than English. Incorporation of these articles could have
contributed towards better understanding of general country-
and population-specific HSUs.

6 Conclusions

This review aimed to determine the level of available HSU
information around CF, particularly in relation to various
health states. The studies identified were cross-sectional,
with little application on longitudinal evaluations without
the use of assumptions. Research on eliciting health state
preferences, particularly for FEV,, PEx events (by severity)
and lung transplantation, still has some way to go. Research
could focus on eliciting representable HSU values ascer-
tained based on large samples sizes over time. However,
new studies on HSU data are also warranted for CFRD, liver
disease (CFLD) and intestinal obstructive syndrome. Further
research on determining HSU data is needed for decision
modelling of CF treatments. This would prove beneficial for
the health economic modelling of CF-related treatments in
order to aid future decision making in CF.
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