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Purpose: To generate UK health-related quality-of-life (HRQoL) data for adult patients
with moderate-to-severe limbal stem cell deficiency (LSCD), unilateral or bilateral, due to
physical or chemical ocular burns to help inform economic evaluations of treatments.
Patients and Methods: EQ-5D-3L with vision bolt-on scores was prospectively measured
for one of five clinical scenarios of LSCD described in vignettes in a demographically
representative population of 520 UK adults. These were converted to health state utilities
using three different UK value sets. A standard gamble (SG) was then undertaken using 12
SG scenarios to examine the component drivers of health utility for the treatment of LSCD.
Results: For the EQ-5D-3L scenarios, the mean disutility for LSCD with poor visual acuity,
pain and disfigurement in both eyes compared to one eye was —0.084 (range=—0.156 to
—0.045 across the value sets). The mean disutility of bilateral LSCD with pain, disfigure-
ment, and poor visual acuity compared to unilateral LSCD with only poor visual acuity in
one eye was —0.104 (range=—0.151 to —0.078). Similarly, where one eye was affected, pain
and disfigurement in combination were associated with a greater mean disutility than
improvements in visual acuity alone: —0.011 (range=—0.04 to 0.005). Mean SG utilities
were within a narrow range (0.682—0.765). Where one eye was affected, the main driver
was disfigurement: mean utility was 0.731 (0.709-0.753) compared to 0.682 (0.659-0.704)
when disfigurement was removed compared to vision restored to normal. For bilateral LSCD,
mean utilities were 0.693 (0.672—0.715) for normal vision and 0.75 (0.73-0.771) when
disfigurement and pain were removed.

Conclusion: Improvements in pain and disfigurement appeared to be the main factors
driving differences in health utilities associated with symptom profiles in LSCD, with
improvements in visual acuity having lesser impact.

Keywords: standard gamble, utility states, limbal stem cell deficiency, LSCD, ocular burns,

holoclar®

Introduction

Limbal stem cell deficiency (LSCD) is a rare condition, most often caused by
chemical or physical burn injuries to the eye,' resulting in the loss of long-lived
progenitor cells (limbal stem cells). These cells are required for the transparent
layer at the front of the eye (corneal epithelium) to continuously regenerate
throughout life and, importantly, to repair itself following injury. LSCD may affect
one or both eyes and left untreated results in chronic pain, burning, photophobia,
inflammation, corneal neovascularization (blood vessels growing over the front of
the eye), scarring of the underlying eye structures and reduction or complete loss of
vision.>” Disfigurement of the eye often accompanies LSCD and can lead to serious
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psychological problems including depression and
suicidality.* In February 2015, Holoclar®™ 79,000-316,000
cells/cm? living tissue equivalent (ex vivo expanded auto-
logous human corneal epithelial cells containing stem
cells), Chiesi Farmaceutici S.p.A., became the first
advanced therapy medicinal product (ATMP) containing
stem cells to receive a Marketing Authorisation in Europe
and is currently indicated for the treatment of adult
patients with moderate-to-severe LSCD, unilateral or bilat-
eral, due to physical or chemical ocular burns’. Holoclar is
the first medicine recommended for the treatment of
LSCD? and is also the first medicine in modern times to
have been authorised entirely on the basis of retrospective
data.® Indeed, the recommendation to approve Holoclar is
considered one of the most significant milestones achieved
by the European Medicines Agency in the last 20 years.’
However, the nature of these data also brings challenges
for health outcomes research and subsequent policy deci-
sion-making. The studies of Holoclar were conducted in
one country only (Italy), did not include any patient-
reported outcomes or measure of health utilities, included
no control arm, and presented no possibility of acquiring
valid health-related quality-of-life (HRQoL) data from
treated patients, some of whom received treatment for up
to 20 years ago. Therefore, in order to support health
technology assessment (HTA) submissions to relevant
authorities, quality-of-life data or health state utilities are
required in order to capture the benefit of Holoclar™ in the
treatment of LSCD. Health states utilities may either be
derived using preference-based instruments such as the
EQ-5D and SF-6D,*° which have population-based algo-
rithms to convert raw scores into preference-based health
utilities. Additionally, they may also be collected using
hypothetical health states described in vignettes using eli-
citation methods such as the standard gamble (SG).'° In
a SG study, respondents are typically presented with
a choice between two alternatives where in one vignette
the health state is certain (eg, no improvement from the
current health state described) and in the other there is the
option of improved health state (eg, a defined improve-
ment in vision following a specific intervention) but an
element of risk (eg, death). The respondent can vary the
probability between the improved health state and the risk
until the respondent is invariant between the two choices:
this represents the respondent’s utility value for that health
state.

The aim of this study, therefore, was to generate health
state utility relating to the use of Holoclar® for the

treatment of LSCD using standard gamble, EQ-5D-3L,
and EQ-5D vision bolt-on presented via vignettes.

Patients and Methods

Sample

Respondents were recruited via email by a third party
(Qualtrics, Provo, USA), which maintains a large series of
online panel respondents. The sample was selected to be
broadly representative of the UK adult population as this
study was intended to inform on the HTA of Holoclar in the
UK. Basic socio-demographic details (age, biological sex
(male/female/prefer not to say), employment status, and
country of residence) were collected from respondents and
used to screen for eligibility. Respondents were eligible to
participate provided they were a UK resident and aged >18
years. However, in order to achieve a UK representative
sample, quotas were set based on the socio-demographic
variables. Recruitment continued until the quotas were full.
The study was conducted via an online platform and parti-
cipants completing the study received a nominal incentive
(redeemable points) reflective of the time required to com-
plete the study. The survey conducted is available in the
online Supplemental Material. This was an anonymized

survey and no personal medical or personally identifiable
data were collected. This study did not need approval from
and was not submitted to an ethics review (http://www.hra-
decisiontools.org.uk). Nevertheless, informed consent was

obtained from participants, i.e. the nature and aim of the
study was provided to participants prior to participation.
Potential participants were also informed that they could
leave the survey at any stage. Participants were then asked
to provide their consent to participate in the study before the
survey commenced. The authors assert that all procedures
contributing to this work comply with the ethical standards
of the relevant national and institutional committees on
human experimentation and with the Helsinki Declaration
of 1975, as revised in 2008. The data collected were stored
on a secure University of York server.

Estimation of the number of participants required was
based on a brief pragmatic review of the literature. A total
of 29 studies were found where the SG approach had been
used to determine health state utilities in ophthalmology/
eye disorders (although not for LSCD). The average sam-
ple size of these studies was 212, although the range was
highly varied (44-699). The mean utility and standard
deviations were collated from a subset of these studies
(N=7) and entered into a standard sample size formula,
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which resulted in a minimum sample size estimation of
N=300. N=500 was used in this study to allow robust
estimation of the parameters and to allow a degree of
subgroup analysis (eg, gender, age) if required.

EQ-5D-3L

The EuroQol 5D 3L (EQ-5D-3L)® is a generic utility or
in Health
Technology Appraisal (HTA) to determine health state

preference-based instrument widely used
utilities, e.g. for determining cost-effectiveness and cost-
utility estimation. The EQ-5D-3L consists of a descriptive
system of five domains: mobility, self-care, usual activ-
ities, anxiety/depression, and pain/discomfort, and the
EuroQol visual analog scale (EQ VAS). Each domain has
three levels (hence 3L), and respondents rate their health
state on a scale of 1-3, where 1 indicates no problems in
that domain, 2 indicates some/minor problems in that
domain, and 3 indicates extreme problems. The EQ VAS
records the respondent’s self-rated health on a vertical,
visual analog scale where the endpoints are labeled “Best
imaginable health state” and “Worst imaginable health
state”. This information can be used as a quantitative
measure of health outcome as judged by the individual
respondents. The time frame is the patient self-reported
health status on the day of completion. The domain scores
or profile scores are converted to health state utilities using
country-specific algorithms and the health state utilities
reflect societal preferences for the health state in question.
A recent systematic review examining the use of generic
and condition-specific measures of HRQoL in NICE deci-
sion-making revealed mixed results for the use of EQ-5D in
patients with visual disorders, in terms of the measurement
properties with performance of the instrument dependent on
the nature and etiology of the condition (eg, glaucoma, catar-
acts, and diabetic foot retinopathy)."" Recently a “bolt-on”
has been developed for the EQ-5D for use in visual disorders
and conditions.'" This consists of a single item, “Vision
(using glasses or contact lenses as needed)”, with three
response categories (“no problems/some problems/extreme
problems seeing”). However, given its recent development
there have only been limited validation studies to date'*'?
and the value of data derived from this “bolt-on” and its
usefulness for HTA has, therefore, yet to be confirmed.

Vignettes

The vignettes were developed in-house by research physi-
cians involved in the development of Holoclar™.
Participants were first presented with one of five different

vignettes, where they were asked to imagine that they were
a patient with moderate—severe LSCD caused by
a physical or chemical burn. Each vignette described key
symptoms of LSCD, but each differed with regard to the
hypothetical symptom profile of the imagined patient.
Participants were then asked to complete the EQ-5D-3L
with vision bolt-on as if they were a patient with the
symptoms described in the vignette.

Participants were then presented with 12 different SG
vignettes. For these vignettes, there were three LSCD
symptom profiles (pre-treatment health states) that were
described. Following each symptom profile, participants
were presented with four treatment options and the symp-
tom improvement following treatment, resulting in a total
of 12 vignettes. For each treatment option, they were
asked to indicate on an analogue slider the percentage
risk they would be willing to accept for undergoing treat-
ment that would result in the improvements indicated in
the vignette, against the risk of death.

Given the uncertainties regarding the performance of
the EQ-5D in visual conditions, and the relative novelty of
the EQ-5D vision bolt-on, these approaches were used
alongside the SG in order to derive health state utilities
associated with LSCD.

Analysis

An initial sample of N=50 participants completed the
vignettes. These data were checked to confirm the
response coding was correct, and the sample corresponded
to the pre-specified strata (age and gender in line with the
UK population). Profile scores for the EQ-5D-3L were
converted to health state utilities using three different
UK value sets; i) the Dolan UK tariff for the EQ-5D-3L
without the bolt-on using the published algorithm,'* ii) the
UK value set developed by Longworth et al, for the EQ-
5D-3L plus vision bolt-on, and, for comparisong, and iii)
the UK value set developed by Longworth et al'' for the
EQ-5D without the bolt-on. The mean and median utility
health state values (including 95% confidence intervals
and inter-quartile ranges) were produced across the sample
for i) each of the five health state vignettes measured using
the EQ-5D-3L, and ii) each of the 12 SG vignettes. The
mean and median EQ VAS scores were also generated for
each of the health states that were rated using the EQ-5D-
3L. Mean disutilities were calculated for the symptom
profiles of LSCD by creating an average utility for the
EQ-5D vignette from the four different methods (EQ VAS
and three value sets) and calculating the difference
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between vignettes that differed on limited numbers of
attributes. Sensitivity analyses were conducted whereby
exclusion rules were developed to exclude participants
who gave responses inconsistent with the clinical symp-
toms, and average utilities were recalculated. The potential
underlying factors for these inconsistencies, such as demo-
graphic details (age, gender, and occupation) were
explored using chi-squared statistics for the EQ-5D and
SG vignettes. To determine whether any inconsistent
responses to the EQ-5D vignettes may have affected
responses to SG vignettes, responses from both sets of
vignettes were cross-tabulated for those participants with
anomalies responses. These were also evaluated using chi-
squared statistics.

Results

Sample

The sample comprised 520 UK residents (267 females;
253 males) aged >18 years (7.1% aged 18-24 years;
17.5% aged 25-34 years; 17.9% aged 35-44 vyears;
19.6% aged 45-54 years; 37.9% aged >55 years), who
were broadly representative of the UK population. Of
these, 49.6% were managerial/administrative/professional;
36.2% skilled/semi-skilled/unskilled manual workers; and
14.2% were state pensioners/unemployed/students; 82.5%
of participants were resident in England; 9.0% resident in
Scotland; 5.8% resident in Wales; and 2.7% resident in

Northern Ireland.

Table | Average EQ-5D Utilities for Each Scenario

Health Utilities

ED-5D-5L and EQ5D+V

Table 1 shows the estimates of average utilities obtained by
requesting respondents to imagine one of five vignettes in
which they were patients with LSCD, which affected their
health to different degrees. The full vignettes presented to
participants are included in the survey instrument (online
Supplemental Material), but briefly they were: 1) LSCD in

one eye (the other eye is normal), causing poor vision,
a disfigured appearance, and pain with photophobia; ii)
LSCD in one eye (the other eye is normal), causing poor
vision (but no disfigurement or pain); iii) LSCD in one eye
(the other eye is normal), causing disfigurement (but normal
vision and no pain); iv) LSCD in both eyes, causing poor
vision, disfigurement, and pain with photophobia; and v)
LSCD in both eyes, causing poor vision. In one eye there is
also disfigurement (but there is no disfigurement in the other
eye and no pain in either eye).

Vignettes 2 and 3, in which participants imagined they
had LSCD only in one eye and with only one type of
symptom, had the highest utilities, while vignette 4, in
which participants imagined they had LSCD in both eyes
and all three types of symptom, had the lowest. For vign-
ettes where two eyes were affected, average health status
ratings were lower and were associated with greater dis-
utility for all four estimates, compared to only having one
affected eye. The mean disutility associated with LSCD
(causing poor visual acuity with pain and disfigurement)
affecting both eyes compared to one eye, calculated by

Scenario VAS, Mean EQ-5D Utility/Dolan, | EQ-5D Utility/ EQ-5D+V Utility/
(95% Cl); Mean (95% CI); Longworth, Mean (95% | Longworth, Mean (95%
Median (IQR) | Median (IQR) Cl); Median (IQR) Cl); Median (IQR)
I (N=96) — One eye Poor vision, 68.93 (65.27— 0.734 (0.676— 0.793); 0.881 (0.853-0.909); 0.909 | 0.839 (0.806— 0.872); 0.862
disfigurement, pain and 72.58); 71.50 0.796 (0.38) (0.18) (0.25)
photosensitivity (26)
2 (N=107) — One eye Poor vision, 7291 (69.45— 0.729 (0.675- 0.783); 0.883 (0.859-0.907); 0.909 | 0.847 (0.821- 0.874); 0.873
no disfigurement, pain or 76.36); 79.00 0.796 (0.38) (0.14) (0.16)
photosensitivity (26)
3 (N=114) — One eye Normal vision, | 72.66 (68.95- 0.758 (0.707— 0.809); 0.909 (0.889-0.929); 0.969 | 0.874 (0.850— 0.898); 0.914
disfigurement, no pain or 76.37); 80.00 0.848 (0.38) (0.14) (0.17)
photosensitivity (35)
4 (N=104) — Both eyes Poor vision, | 64.44 (58.75— 0.578 (0.500- 0.656); 0.805 (0.770—0.841); 0.838 | 0.745 (0.702— 0.789); 0.757
disfigurement, pain and 68.13); 70.00 0.690 (0.81) (0.31) (0.38)
photosensitivity (36)
5 (N=99) — Both eyes Poor vision, 65.49 (60.86— 0.637 (0.572- 0.702); 0.839 (0.811-0.867); 0.843 | 0.780 (0.743— 0.817); 0.812
disfigurement in | eye, no pain or 70.13); 70.00 0.691 (0.64) (0.25) (0.32)
photosensitivity (34)
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comparing vignettes 1 and 4, was —0.084 across the four
EQ-5D-3L estimates (range=—0.156 to —0.045). The mean
disutility associated with unilateral LSCD causing pain
and disfigurement in addition to poor visual acuity com-
pared to only poor visual acuity, calculated by comparing
vignettes 1 and 2, was —0.011 (range=—0.04 to 0.005). The
mean disutility associated with bilateral LSCD causing
pain and disfigurement in addition to poor visual acuity
compared to unilateral LSCD causing only poor visual
acuity in one eye, calculated by comparing vignettes 2
and 4, was —0.104 (range=—0.151 to —0.078).

Confidence intervals indicated that differences between
vignettes 3 (one eye affected, no pain, but disfigurement in
one eye) and 5 (both eyes affected, no pain, but disfigure-
ment in one eye) were statistically significant for all three
value-set derived utility values, but not for the EQ VAS-
derived utility value. In addition, differences between
vignettes 2 (one eye affected, no pain or disfigurement)
and 5 (both eyes affected, no pain, but disfigurement in
one eye) were statistically significant using the EQSD
+V-derived utility estimate that includes vision problems
in the composite.

It should be noted that the Longworth tariff (for the
five standard domains, without the vision bolt-on) pro-
vided higher estimates of utilities than the Dolan tariff
(for the same five domains) overall, and this should be
considered when interpreting the results. This is particu-
larly important given an unexpected, and clinically
implausible, pattern of results that can be observed when
comparing the EQ-5D+V-derived utilities with the Dolan
EQ-5D-derived utilities. Utilities in vignettes where parti-
cipants were asked to imagine that they had poor vision in
one or both eyes were higher (ie, closer to perfect health)
when derived using the EQ-5D+V tariff, than the Dolan
EQ-5D tariff which did not include the bolt-on. Taken on
face-value, this suggests that taking poor visual acuity into
account when judging an otherwise equal health state,
would result in a better HRQoL, a finding that is clinically
implausible. In contrast, these discrepancies were not pre-
sent when comparing the two sets of utilities generated
using the Longworth value set, where the average utilities
calculated using the vision bolt-on were lower than those
which did not account for vision. It should be noted that
the EQ-5D vision bolt-on is a relatively newly-developed
feature of the EQ-5D and has, as such, not undergone
a significant amount of validation. Furthermore, the utility
values derived for both the bolt-on and Longworth EQ-5D
tariffs were based on relatively small sample sizes (N=75),

which perhaps explains the discrepancy between these and
the Dolan tariff.

Standard Gamble

Table 2 shows the estimates of average utilities obtained
using the 12 SG vignettes. The full vignettes presented to
participants are included in the survey instrument (online
Supplemental Material). Average utility values produced

using the SG vignettes were within quite a narrow range
(min=0.682, max=0.765). The highest mean utilities were
recorded for those treatments where pain and disfigure-
ment improved even if visual acuity did not improve. This
was particularly the case for those vignettes where two
eyes were affected, although this was also evident where
one eye was affected. The next highest mean utilities were
recorded for treatments where pain improved and neither
disfigurement or visual acuity improved, or where there
was only moderate improvement in visual acuity. Again,
this was particularly evident for vignettes where two eyes
were affected. Finally, where one eye is affected, improv-
ing disfigurement but not pain resulted in a greater mean
utility, than improving pain but not disfigurement, even
when visual acuity improved. Paradoxically, for those
vignettes where two eyes were affected the lowest mean
utilities were recorded for treatments where there was
improvement on all three attributes.

A number of sensitivity analyses were conducted given
that some respondents were seemingly responding con-
trary to the imagined vignettes or in a paradoxical manner.
For the EQ-5D-3L vignette 3 there were 57 (50%) respon-
dents who had indicated problems (ie, scored 2 or 3) on
the vision bolt-on even though they were asked to imagine
they had normal vision. Furthermore, for vignettes 4 and 5
where respondents were asked to imagine they had poor
vision 35.6% (37/104) and 38.4% (38/99), respectively,
indicated they had normal vision. These responses were
removed from the results, and the data re-analysed. The
results of this analysis are shown in Table 3. The new
values (indicated by the suffix “a”) have been included
alongside the previous ones. It may be seen from this table
that vignette 3 (normal vision) now has the highest level of
utility, as would be expected, including on the vision bolt-
on. In contrast to this, those vignettes (4 and 5) with poor
vision revealed the lowest level of utility, particularly on
the vision bolt-on. No statistically significant results were
observed for those participants with anomalous responses
to Vignettes 3, 4, or 5 were observed for gender (Xz(l)
=0.042, P=0.84, Vignette 3; Xz(l):O.IZ, P=0.73, Vignette

ClinicoEconomics and Outcomes Research 2020:12
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Table 2 Average Standard Gamble Ultilities for Each Scenario

Scenario | Pre-Treatment Scenario Treatment Scenario SG Utility, Mean (95% CI);
Median (IQR)
| LSCD in one eye, causing poor vision, Restores vision to a moderate level and 0.719 (0.698— 0.740); 0.800 (0.35)
disfigurement, and pain with photophobia. removes the pain with photophobia.
2 Removes disfigurement and the pain with | 0.731 (0.709— 0.753; 0.810 (0.35)
photophobia.
3 Restores vision to normal and removes 0.709 (0.686— 0.732); 0.800 (0.36)
disfigurement.
4 Restores vision to near normal and 0.682 (0.659—- 0.704); 0.760 (0.40)
removes the pain with photophobia.
5 LSCD in both eyes, causing vision to be poor in Removes the pain with photophobia in eye | 0.745 (0.725- 0.766); 0.810 (0.35)
one eye and moderate in the other, and causing with moderate vision.
disfigurement and pain with photophobia in both
6 Removes disfigurement and the pain with 0.765 (0.745- 0.786); 0.850 (0.34)
eyes.
4 photophobia in the eye with moderate
vision.
7 Restores vision to near normal, and 0.693 (0.672— 0.715);
removes
Only the eye with moderate vision is treated. disfigurement and the pain with 0.760 (0.40)
photophobia in the eye with moderate
vision.
8 Removes disfigurement and the pain with 0.750 (0.730- 0.771); 0.820 (0.35)
photophobia in the eye with moderate vision.
9 LSCD in both eyes, causing vision to be poor in Restores vision to a moderate level and 0.730 (0.709- 0.751); 0.800 (0.34)
one eye and moderate in the other, and causing removes the pain with photophobia in the
disfigurement and pain with photophobia in both eye with poor vision.
eyes. Only the eye with poor vision is treated.
10 Removes disfigurement and the pain with | 0.758 (0.738- 0.779); 0.840 (0.34)
photophobia in the eye with poor vision.
Il Restores vision to near normal and 0.686 (0.663— 0.709); 0.770 (0.40)
removes the disfigurement and the pain
with photophobia in the eye with poor
vision.
12 Restores vision to near normal and 0.720 (0.698— 0.742); 0.800 (0.36)
removes the disfigurement in the eye with
poor vision.

4; X*1y=0.03. P=0.86, Vignette 5), age (X*=5.85,
P=0.32; X2(5)28.59, P=0.13; X2(5):6.23, P=0.29) or occu-
pation (X’2)=0.61, P=0.74; X*=2.76, P=0.24; X*,
=5.37, P=0.07).

For the standard gamble vignettes those two vignettes
where vision in one or two eyes was restored to near
normal in one eye (vignettes 7 and 11) paradoxically
scored the lowest in terms of level of utility. For these
two vignettes, 42.3% (220/520) and 37.5% (195/520),

respectively, of respondents had the lowest level of utility
compared to vignettes 5-8 and 9-12, respectively. Data
were removed from these vignettes and re-analysed to
obtain new utility values. These new utilities are shown
in Tables 4 and 5. As with the EQ-5D vignettes, the
anomalies in these responses were not explained by under-
lying factors such as age (X2(5)=2.49, P=0.78; X2(5)=6.55,
P=0.26) or occupation (X2(2)=1.51, P=0.47; X2(2)=5.57,

P=0.062) for participants with anomalous responses to
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Table 3 Revised Average EQ-5D Utilities for Each Scenario

EQ-5D Utility/Longworth
Tariff, Mean (95% CI);
Median (IQR)

EQ-5D+V Utility/Longworth
Tariff, Mean (95% CI); Median
(IQR)

Scenario VAS, Mean (95% Cl); Median | EQ-5D Utility/Dolan Tariff,
(IQR) Mean (95% Cl); Median
(IQR)

I (N=96) 68.93 (65.27-72.58); 71.50 (26) 0.734 (0.676-0.793); 0.796 (0.38)
2 (N=107) | 72.91 (69.45-76.36); 79.00 (26) 0.729 (0.675-0.783); 0.796 (0.38)
3 (N=114) | 72.66 (68.95-76.37); 80.00 (35) 0.758 (0.707-0.809); 0.848 (0.38)
3a (N=57) | 78.26 (73.61-82.92); 81.00 (20) 0.846 (0.788-0.903); 0.848 (0.20)
4 (N=104) | 64.44 (58.75-68.13); 70.00 (36) 0.578 (0.500-0.656); 0.690 (0.81)
4a (N=67) | 54.70 (48.79-60.16) 51.00 (48) 0.414 (0.319-0.510); 0.516 (0.64)
5 (N=99) 65.49 (60.86-70.13); 70.00 (34) 0.637 (0.572-0.702); 0.691 (0.64)
5a (N=61) | 56.97 (50.94-63.00); 57.00 (37) 0.509 (0.435-0.583); 0.516 (0.51)

0.881 (0.853-0.909); 0.909 (0.18)
0.883 (0.859-0.907); 0.909 (0.14)
0.909 (0.889-0.929); 0.969 (0.14)
0.954 (0.936-0.972); 0.969 (0.08)
0.805 (0.770-0.841); 0.838 (0.31)
0.726 (0.684-0.777); 0.755 (0.24)
0.839 (0.811-0.867); 0.843 (0.25)
0.777 (0.746-0.807); 0.774 (0.17)

0.839 (0.806-0.872); 0.862 (0.25)
0.847 (0.821-0.874); 0.873 (0.16)
0.874 (0.850-0.898); 0.914 (0.17)
0.967 (0.950-0.985); 0.997 (0.04)
0.745 (0.702-0.789); 0.757 (0.38)
0.635 (0.586-0.684); 0.660 (0.31)
0.780 (0.743-0.817); 0.812 (0.32)
0.685 (0.646-0.723); 0.706 (0.24)

Note: Sensitivity analyses are indicated by the suffix “a” and shown alongside the previous analyses. Sensitivity analyses were conducted given that some respondents were
seemingly responding contrary to the imagined scenarios or in a paradoxical manner. Specifically, for the EQ-5D scenario 3 there were 57 (50%) respondents who had
indicated problems (i,e scored 2 or 3) on the vision bolt-on, even though they were asked to imagine they had normal vision; for EQ-5D scenarios 4 and 5 where
respondents were asked to imagine they had poor vision, 35.6% (37/104) and 38.4% (38/99), respectively, indicated they had normal vision. These responses were removed

from the results and the data re-analyzed (3a, 4a, 5a).

Vignettes 7 and 11, respectively, or by gender for Vignette
7 (Xz(l):1.56, P=0.21). However, there was a statistically
significant effect by gender for Vignette 11 (X2(1)=3.88,
P=0.049), with proportionally more females (57%) provid-
ing lower utility values for this vignette compared to males
(43%) for Vignettes 9, 10, and 12.

There were no statistically significant associations
between anomalous responses on the EQ-5D vignettes
and SG vignettes, in other words, inconsistent responses
on one of these sets was not predictive of anomalous
responses on the other (EQ-5D Vignette 3 and SG
Vignette 7, P=0.75; EQ-5D Vignette 4 and SG Vignette
7, P=0.64, EQ-5D 5 and Vignette 7, P=0.29; EQ-5D
Vignette 3 and SG Vignette 11, P=0.49; EQ-5D Vignette
4 and SG Vignette 11, P=0.31; EQ-5D 5 and Vignette 11,
P=0.068).

It may be seen from Table 3 (where anomalous data
from vignettes 5 to 8 have been removed) the utility values
were higher where respondents were asked to imagine they
had two eyes affected compared to one. As with the pre-
vious analysis, higher utility values were recorded where
both disfigurement and pain were treated. This took pri-
macy over the restoration in vision, particularly where one
eye was affected. Where two eyes were affected, margin-
ally higher utilities were recorded for the restoration of
normal vision compared to moderate vision (where pain
and disfigurement also improved). Furthermore, normal
vision was preferred over moderate vision where disfig-
urement, but not pain was also resolved. One paradoxical
result still remained: respondents still scored a relatively
low level of utility for the restoration of normal vision and

resolution of disfigurement and pain. Once again higher

utility values were recorded for those vignettes where two
eyes were affected and both disfigurement and pain were
removed (Table 4). However, the results in terms of the
visual acuity were less clear-cut than for Table 3: although
moderate vision was preferred, in general, to poor vision,
those vignettes where vision was restored to normal
recorded the lowest level of mean utility.

Discussion

Overall, the utility values generated for LSCD were in line
with the level of symptoms described in the vignettes,
differing by symptom profile. For both the ED-5D-3L/+V
and SG vignettes where one eye was affected, improve-
ments in pain and disfigurement in combination, were asso-
ciated with a greater mean utility than improvements in
visual acuity. Improvements in disfigurement were given
a greater mean utility than in pain alone. Similarly, where
two eyes were affected greater utility was associated with
improvements in pain and disfigurement in tandem in the
absence of improvements in visual acuity. In contrast to the
vignettes with one affected eye, more utility was associated
with improvements in pain in the absence of improvements
in disfigurement (or visual acuity).

One caveat on the data generated by this study is that
the raw data indicated that some participants failed to
accurately imagine the LSCD vignettes prior to completing
the EQ-5D-3L. This can be observed in the frequencies of
individuals who selected “no problems™ in the vision
domain of the EQ-5D-3L, in spite of being told they had
severe LSCD in both eyes which caused poor vision.
Likewise, some individuals expressed visual impairment
for vignette 3, in which they were told that the LSCD did
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Table 4 Revised Average Standard Gamble Uctilities for Each Scenario (Anomalous Data from Scenarios 5-8 Removed)

Scenario

Pre-Treatment Scenario

Treatment Scenario

SG Utility, Mean (95% Cl);
Median (IQR)

LSCD in one eye, causing poor vision,
disfigurement, and pain with photophobia.

Restores vision to a moderate level and

removes the pain with photophobia.

0.692 (0.662-0.722); 0.790 (0.40)

Removes disfigurement and the pain with
photophobia.

0.698 (0.667—0.729); 0.790 (0.42)

Restores vision to normal and removes

disfigurement.

0.696 (0.665-0.728); 0.800 (0.42)

Restores vision to near normal and

removes the pain with photophobia.

0.680 (0.649-0.711); 0.780 (0.41)

LSCD in both eyes, causing vision to be poor in
one eye and moderate in the other, and causing
disfigurement and pain with photophobia in both

eyes.

Removes the pain with photophobia in

eye with moderate vision.

0.701 (0.672-0.731); 0.800 (0.41)

Removes disfigurement and the pain with
photophobia in the eye with moderate

vision.

0.724 (0.695-0.753); 0.800 (0.41)

Only the eye with moderate vision is treated.

Restores vision to near normal, and
removes disfigurement and the pain with
photophobia in the eye with moderate

vision.

0.725 (0.696-0.753); 0.800 (0.37)

Removes disfigurement and the pain with
photophobia in the eye with moderate

vision.

0.715 (0.685-0.744); 0.800 (0.41)

LSCD in both eyes, causing vision to be poor in
one eye and moderate in the other, and causing
disfigurement and pain with photophobia in both

eyes. Only the eye with poor vision is treated.

Restores vision to a moderate level and
removes the pain with photophobia in the
eye with poor vision.

0.717 (0.687-0.747); 0.800 (0.42)

Removes disfigurement and the pain with

photophobia in the eye with poor vision.

0.733 (0.704-0.761); 0.810 (0.40)

Restores vision to near normal and
removes the disfigurement and the pain
with photophobia in the eye with poor

vision.

0.699 (0.669-0.730); 0.790 (0.41)

Restores vision to near normal and
removes the disfigurement in the eye with

poor vision.

0.709 (0.679-0.739); 0.800 (0.42)

not affect their vision. This may have occurred for a variety
of reasons; they may not have been able to recall the details
of the imagined health state, or, more likely, some partici-
pants may have been answering for their own health state,
rather than for the imagined health state. In the sensitivity
analysis where these data were removed the highest utility
values were shown for normal vision and the lowest for
poor vision. This suggests that there were some respondents
who had either misunderstood or had difficulties imagining
a health state other than their current one.

Similarly, in the SG task, there was a large range in the
level of risk that some participants indicated they were
willing to accept, with some individuals suggesting that
they would willingly accept 100% risk of death for
a treatment which had 0% chance of improving their
health state. While this seems implausible, it is possible
that the individuals rating the vignettes considered the pre-
treatment health state to be worse than death. The sensi-
tivity analysis showed that the removal of pain and dis-

figurement was the primary factor influencing mean utility
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Table 5 Revised Average Standard Gamble Utilities for Each Scenario (Anomalous Data from Scenarios 9—12 Removed)

Scenario

Pre-Treatment Scenario

Treatment Scenario

SG Utility, Mean (95% CI); Median
(IQR)

LSCD in one eye, causing poor vision,
disfigurement, and pain with photophobia.

Restores vision to a moderate level and

removes the pain with photophobia.

0.7132 (0.686-0.741); 0.800 (0.37)

Removes disfigurement and the pain
with photophobia.

0.721 (0.693-0.750); 0.810 (0.42)

Restores vision to normal and removes

disfigurement.

0.704 (0.674-0.734); 0.800 (0.43)

Restores vision to near normal and

removes the pain with photophobia.

0.682 (0.652-0.712); 0.770 (0.41)

LSCD in both eyes, causing vision to be poor
in one eye and moderate in the other, and
causing disfigurement and pain with

photophobia in both eyes.

Removes the pain with photophobia in

eye with moderate vision.

0.735 (0.708-0.762); 0.770 (0.38)

Removes disfigurement and the pain
with photophobia in the eye with

moderate vision.

0.749 (0.723-0.776); 0.840 (0.36)

Only the eye with moderate vision is treated.

Restores vision to near normal, and
removes disfigurement and the pain
with photophobia in the eye with

moderate vision.

0.707 (0.680-0.735); 0.790 (0.41)

Removes disfigurement and the pain
with photophobia in the eye with

moderate vision.

0.737 (0.709-0.765); 0.810 (0.37)

LSCD in both eyes, causing vision to be poor
in one eye and moderate in the other, and
causing disfigurement and pain with
photophobia in both eyes. Only the eye with
poor vision is treated.

Restores vision to a moderate level and
removes the pain with photophobia in
the eye with poor vision.

0.718 (0.689-0.746); 0.800 (0.43)

Removes disfigurement and the pain
with photophobia in the eye with poor

vision.

0.743 (0.716-0.771); 0.830 (0.36)

Restores vision to near normal and
removes the disfigurement and the pain
with photophobia in the eye with poor

vision.

0.723 (0.695-0.750); 0.800 (0.37)

Restores vision to near normal and
removes the disfigurement in the eye

with poor vision.

0.704 (0.674-0.734); 0.790 (0.43)

values. Particularly for those vignettes (5-8) where two
eyes were affected and vision was moderate, there was
a clear indication that the restoration of vision played
a part in the utility values (aside from pain and disfigure-
ment), although even here there was the paradoxical result
of respondents not rating the restoration of normal vision
and the removal of pain and disfigurement as high as
improvements in the latter two alone. The picture was

less clear for those vignettes involving poor vision in

two affected eyes, where, although the removal of pain
and disfigurement were once again preferred over the
restoration of vision, there was no clear preference
between one or two affected eyes. In summary, the highest
utility values were shown for those vignettes where dis-
figurement and pain were removed. The sensitivity ana-
lyses showed some evidence that higher utility values were
also found where there are two affected eyes and vision is
restored to normal (or remains as moderate).
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The sensitivity analysis demonstrated that it is likely
that, for some participants, there was some confusion
about the nature of the task and the ratings that they
were making and that, for others, they were simply com-
pleting the task as quickly as possible and not giving the
necessary consideration to the task at hand. Analysis
suggests approximately 40% of participants may have
been affected in these ways and that these inconsistent
responses could not be explained through participants’
socio-demographic status. The literature suggests that in
other approaches to utility elicitation, such as discrete
choice experiments, cognitive burden may play an impor-
tant role in influencing participant choice.'>'® Therefore,
the limitations observed are the likely consequence of
a combination of several factors, including the complex-
ity of LSCD, its variety of symptom profiles and treat-
ment outcomes, and the on-line methodology used in this
study.

A further potential limitation of “vignette” studies is
that, when asked to imagine they have an illness, the
general public often imagines the impact of the illness at
the time immediately following diagnosis, and responds to
questions accordingly.!” In reality, especially given the
time course of LSCD, individuals who have been living
with the disease for years may have adjusted to the con-
dition, especially to its impact on visual acuity. As a result
of these adjustments, the illness may have a lower impact
on the HRQoL of individuals with the illness than is
estimated by participants completing vignette studies.

Other limitations with this study include the fact that
there is little overlap between the domains on the EQ-5D-
3L and the vignettes describing LSCD. That said, it may
be argued that EQ-5D-3L domains such as Mobility, Self-
care, and Usual Activities could be negatively impacted by
LSCD. On the other hand, the EQ-5D-3L does not contain
a visual acuity domain, whereas other instruments such as
the Health Utilities Index 3 (HUI3)'® do contain a vision
domain. This argument is, however, partially mitigated by
the inclusion of the EQ5D+V. Furthermore, a newer ver-
sion of the EQ-5D, the EQ-5D-5L was introduced'®*® in
order to counter criticisms of the lack of sensitivity of the
3L version.?' Tt could therefore be argued that either the
EQ-5D-5L or the HUI3 may have been more sensitive.
Furthermore, the utilities derived from this study were to
be included in a health technology assessment (HTA)
submission to the National Institute for Health and Care
Excellence (NICE); the preferred instrument for HTA sub-
missions to NICE is the EQ-5D-3L.*> The choice of

instrument was also motivated by these concerns.
Nevertheless, it should be borne in mind that the selection
of the EQ-5D-3L could have influenced the results.

Given the nature of LSCD, in particular the rarity of
the condition, deriving utilities from patients with prefer-
ence-based instruments such as the EQ-5D-3L and/or
vignettes would not lead to robust results due to small
sample size. Furthermore, national regulatory agencies
such as NICE stipulate a preference for societal valuation
of health states.?? This, therefore, necessitates the use of
elicitation methods, such as the SG. However, there are
other vignette methods, for instance the time trade-off
(TTO)* and discrete choice experiments® that could
have been applied to derive health utilities in this study.
There is no consensus on which method is the most appro-
priate and elicitation processes are known to produce
differing health utilities from the same vignettes®>. In
this study the choice was for the SG based on the general
agreement™ that this method more closely reflects eco-
nomic utility theory.?®

In terms of the use of these data for economic valua-
tions, due to the discrepancies between the utilities calcu-
lated using the Dolan and Longworth value sets for the
five-domain scores (excluding the vision bolt-on), caution
should be exercised when deciding on values to use as the
Whilst  the
Longworth value sets consistently report higher utilities,

base-case in cost-effectiveness analyses.
it is important to note that the differences between health
states in Longworth values are lower. For instance, a move
from Vignette 5a to Vignette 1 shows a utility change of
0.225 with the Dolan values and 0.102 for Longworth.
A move from 4a to 1 shows changes of 0.32 and 0.15,
respectively. Since the results of the economic evaluation
are likely to be driven by changes in utility, the Longworth
values may be viewed as being more conservative. A post
hoc analysis was undertaken of the EQ-5D vignette data
(with the anomalous responses removed, N=387) using
(OLS)
method). Poor vision (one or both eyes), photosensitivity

ordinary least squares regression  (stepwise
(one or both eyes), pain and disfigurement (one or both
eyes) were coded as dummy variables. These results
showed that both poor vision and disfigurement were sig-
nificant predictors in the models whether the criterion was
either based on Dolan or Longworth utilities (none of the
other variables were included in the final model).
However, the standardized beta coefficients for the Dolan
utilities were —0.371 (+=7.28, P<0.0001) and -0.12

(=2.36, P=0.019) for poor vision and disfigurement,
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respectively; for the Longworth utilities these were —0.49
(=10.38, P<0.0001) and —0.13 (+=2.82, P=0.005), sug-
gesting that, although disfigurement has an equal impact
in both tariffs, poor vision has a greater impact in the
Longworth utilities. Therefore, although the Longworth
values may be considered more conservative, these may
be more sensitive to changes affecting vision.

In any case, it would be recommended that different
vignette and sensitivity analyses should be conducted to
give an impression of how far use of these different inputs
would alter the conclusions that could be drawn from cost-
effectiveness analyses. These results also quantify the
uncertainty associated with each utility value.

Conclusion

This study is the first, to the authors knowledge, ever to
report on health state utilities for LSCD. The study showed
that improvements in pain and disfigurement appear to be
the main factor driving differences in health utilities asso-
ciated with symptom profiles in LSCD, with improve-
ments in visual acuity having lesser impact. This was
particularly the case for bilateral LSCD, but also evident
in scenarios describing a single affected eye. As with any
elicitation study, it is likely that there was some misunder-
standing by some participants throughout the survey but,
in the main, the results are in line with expectations.
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