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Abstract
Background/aims In rare diseases, health-related
quality of life (HRQL) data can be difficult to capture.
Given the ultrarare nature of RPE65-mediated inherited
retinal disease (IRD), it was not feasible to recruit a
patient sample and collect HRQL data prospectively. The
objectives of this study were to develop health state
descriptions of RPE65-mediated IRD, and to estimate
associated patient utilities.
Methods Vignette descriptions of IRD states were
developed and then assessed to elicit utilities. The
vignettes ranged from moderate vision loss through to
hand motion to no light perception (NLP). Six retina
specialists with additional expertise in IRDs provided a
proxy valuation of the vignettes using generic measures
of health—the 5-level version of EQ-5D-5L and Health
Utility Index 3 (HUI3). The data were then scored using
standard methods for each instrument.
Results Weights from both HRQL measures revealed
a large decline in scores with vision loss. The EQ-5D-5L
weights ranged from 0.709 for moderate vision loss
to 0.152 for hand motion to NLP. The HUI3 weights
ranged from 0.519 to − 0.039, respectively. A decline
was seen on both measures, and the degree of decline
from moderate vision loss to NLP was identical on both
(−0.56).
Conclusion This is the first study to report HRQL
weights (or utilities) for health states describing different
levels of vision loss in patients with IRD, specifically
those with RPE65-mediated disease. The parallel decline
in scores from the EQ-5D and HUI3 corroborates the
substantial impact of progressive vision loss on HRQL.
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Inherited retinal diseases (IRD) are an important
cause of childhood blindness,.1 2 IRDs can be caused
by mutations in numerous genes, including a recessive mutation in the RPE65 gene which codes for a
critical enzyme in the visual cycle. Individuals with
RPE65-mediated IRDs are visually impaired at low
levels of lighting from infancy and the majority
become fully blind in adulthood.3 4 Recent research
has indicated that certain forms of RPE65-mediated IRDs are amenable to a gene therapy.5 On
19 December 2017, voretigene neparvovec-rzyl
(LUXTURNA) was the first such gene therapy
to receive approval from the US Food and Drug
Administration (FDA) for the treatment of patients
with confirmed biallelic RPE65 mutation-associated
retinal dystrophy and viable retinal cells.

Many countries like the UK conduct reviews of the
cost-effectiveness of treatments to determine if their
associated health benefits represent good value relative to their cost to the health service. In cost-effectiveness analysis (CEA), the benefits of interventions
are generally considered in terms of their impact on
quality-adjusted life-years, reflecting length of life and
health-related quality of life (HRQL).6 Consequently,
HRQL estimates must be available to characterise
patients with varying levels of severity in a disease
under consideration in CEA. The Institute for Clinical
and Economic Review (ICER) in the USA7 recently
completed a CEA of LUXTURNA. However, no
HRQL data were collected in the LUXTURNA clinical trials which could support CEA, and so the ICER
review team was forced to rely on HRQL studies of
patients with very different ocular disorders including
retinal detachment, age-related macular degeneration, diabetic retinopathy, cataract, glaucoma,
endophthalmitis and central retinal vein obstruction,
to proxy for the effect of vision loss in patients with
RPE65-mediated IRD.8 9 The accuracy of such data
in characterising HRQL in patients with RPE65-mediated IRD is limited because the pathology of these
diseases and the age of participants are significantly
different from those with RPE65 mutation-associated
IRD. Quality of life weights (or utilities) are an essential component of a CEA because they are a measure
of health benefit. No published health utilities exist
for RPE65-mediated IRD.
Retinitis pigmentosa accounts for approximately
half of IRDs and affects an estimated 20–30 people
per 100 000.10 Leber congenital amaurosis (LCA)
is less common, affecting two to three people per
100 000.11 Mutations in the RPE65 gene account
for 2% of retinitis pigmentosa and 8%–16% of LCA
diagnoses.11–16 It is believed that there are between
1000 and 2000 patients in the USA with biallelic
RPE65 mutation-associated IRD.17 Given the rarity
of RPE65-mediated IRD, it was not feasible to collect
HRQL data prospectively, particularly given the
need for estimates across all levels of disease severity.
Therefore, we have used structured elicitation of
HRQL data from clinical experts based on a series
of case study vignettes, a method used previously for
CEAs in other rare diseases.18 19 Each vignette was
assessed using two generic measures of HRQL which
can be used to estimate utilities needed for CEA.

Materials and methods

First, health state levels were defined to describe
different levels of visual function in people with
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RPE65-mediated vision loss, ranging from moderate vision loss
through to hand motion (HM) to no light perception (NLP).
Second, health state vignettes were developed through a process
that combined information gathered from background materials,
feedback from an expert advisory board meeting, and interviews with clinical specialists, patients and caregivers. Finally,
these vignette descriptions of IRD states were assessed to elicit
utilities. Specifically, six retina specialists with additional expertise in IRDs provided a proxy valuation of the vignettes using
generic measures of health—the 5-level version of EQ-5D-5L
and Health Utility Index 3 (HUI3).

Health state levels

Health state descriptions were based off the American Medical
Association guidelines on visual disability. For visual field (VF),
categories were defined by VF radius. This was translated into
sum total degrees by assuming a concentric VF and multiplying
the radius by 24. The health state descriptions were designed
to describe different levels of visual function in people with
RPE65-mediated vision loss:
►► Moderate visual impairment, defined as either visual acuity
(VA) better than 20/200 (6/60) or Goldman VF sum total
degrees >240 (ie, radius >10°).
►► Severe visual impairment, defined as either VA from 20/200
to 20/500 or Goldman VF sum total degrees >144 and
≤240 (ie, radius 6°–10°).
►► Profound visual impairment, defined as either VA from
20/500 to 20/1250 or Goldman VF sum total degrees >44
and ≤144 (ie, radius 2°–6°).
►► Counting fingers, defined as either VA 20/1250 to 20/20
000 or Goldman VF sum total degrees ≤44 (ie, radius <2°).
►► HM to NLP, defined as VA worse than 20/20 000.
The state ‘Counting fingers’ describes a patient who cannot
read any letters on a vision chart at 6 m but is able to count
fingers that are held up at a distance of 1 m. If the patient cannot
count the fingers held up in front of him/her, the investigator
then tests whether the patient can see the investigator waving
his/her hand. The state ‘Hand motion to no light perception’
includes all patients whose vision is limited to only being able to
see a waving hand or worse.20

Health state vignettes

As noted above, health state vignettes were developed through
a multistep process, which was supported by experts, patients
and carers during the process. First, patient testimonials were
obtained to understand the day-to-day burden of RPE65-mediated IRD. Next, these testimonials were used to develop an
interview guide that explored the impact of visual function on
health and HRQL of different levels. The interview guide was
used in exploratory interviews with clinical experts, including
a panel of 12 retinal specialists and six vision rehabilitation
specialists. Finally, the information from these expert interviews
and patient testimonials was used to develop draft health state
vignettes to describe different aspects of quality of life and wellbeing for people with different levels of vision loss. These health
state vignettes were assessed for content validity by patients,
carers and a retinal specialist with expertise in low vision. This
process is described in more detail below.

Patient and caregiver testimonials

Spark Therapeutics shared five patient and caregiver testimonials of the day-to-day burden of RPE65-mediated IRD that
had been submitted by patients and caregivers to the FDA as

part of the FDA Advisory Committee reviewing the Biologics
Licensing Application for LUXTURNA. The testimonials were
developed prior to the start of this current project. The testimonials were used to identify the different ways RPE65-mediated IRD affected patients with this rare disease, and this was
used to develop the questions for the interview guide. These
testimonials were reviewed for details describing the impact of
living with an IRD. This information was used to support the
development of an interview guide for subsequent exploratory
interviews with clinical experts. The interview guide included
questions that explored the impact of visual function on health
and HRQL of different levels, in terms of pain, mobility problems, daily activities, worry/anxiety/depression, usual activities,
social functioning, impact on work or school, and the ability to
participate in sports/activities/shopping and other related activities. This guide was used in an advisory board meeting and in
one-to-one interviews with clinical experts.

Expert advisory board

An advisory board including 12 retina specialists from different
ophthalmology centres in the USA was held. The experts evaluated and confirmed the clinical appropriateness of the five health
state definitions designed to describe different levels of visual
function. The experts also discussed the interview guide that
we had developed. They confirmed the clinical relevance and
recommended that vision rehabilitation specialists be recruited
to take part in in-depth interviews to answer the questions in the
interview guide. They also recommended that retina specialists
with expertise in IRDs ultimately review vignettes to rate the
impact of the description on HRQL.

Interviews with vision rehabilitation specialists

Individual qualitative interviews were also conducted with six
rehabilitation experts whose role involved practical therapy for
adult and paediatric patients with vision loss. (None of these
experts had taken part in the advisory board.) The experts were
based in the USA and the UK. The experts represented professionals working at low vision clinics: a low vision specialist
optometrist, a vision rehabilitation specialist, a resident in a
specialist low vision clinic, an ophthalmologist, a consultant
ophthalmologist and a retinal surgeon.

Cognitive debrief interviews

Using the information from the expert interviews and patient
testimonials, draft health state vignette descriptions were developed. These vignettes described different aspects of quality of
life and well-being for people with different levels of vision loss
(see online supplementary appendix 1). A further set of interviews was conducted in order to test the content validity of
the vignettes in people with IRD (or their carers). Adults with
RPE65-mediated IRD and carers of children/adolescents with
RPE65-mediated IRDs were recruited with assistance from a
patient advocacy group (Sofia Sees Hope). In these interviews,
the vignette descriptions were read to the participant one
sentence at a time. The participants commented on the accuracy
of the vignettes one sentence at a time. They were asked to rate
the vignette that matched the respondent’s current level of vision
loss and also the moderate vision loss state.
Additionally, a retinal specialist with expertise in low vision
assessed the accuracy of the three more advanced stages of vision
loss: ‘Profound’, ‘Counting fingers’ and ‘Hand motion to no light
perception’ using a similar cognitive debriefing approach. The
final states are included in the online supplementary appendix 1.
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Health state valuation

Six retina specialists with expertise in IRDs (who had not participated in the aforementioned expert advisory board) completed
interviews to provide a proxy valuation of the vignettes using
generic measures of HRQL. The experts were asked to read
each vignette and to draw on their clinical experience to extrapolate how patients would be affected by the severity of vision
loss described in the vignette. After each vignette, the experts
rated the impact of the description on HRQL by completing the
EQ-5D-5L21 and HUI322 questionnaires. The EQ-5D-5L data
were scored using the van Hout23 scoring algorithm.

Results
Patient and caregiver testimonials

As noted above, patient testimonials were obtained to understand the day-to-day burden of RPE65-mediated IRD. Participants described the loss of visual function, including VA and
VF defects, night blindness and loss of peripheral vision. They
also described the impact that the vision loss had on day-to-day
life. For example, one child (aged 5) had become timid and very
dependent because of her fear of falling or bumping into items.
In another case, a mother of an older child (aged 15) described
the social impact of vision loss related to a loss of eye contact
and inability to pick up on social cues. This child also struggled
to participate in sports and other outdoor activities. Going out
to restaurants, especially in the evening, was also difficult. Similarly, the father of a young woman described the social isolation
she had experienced earlier in her life, which meant that she had
had very few friends.

Clinician input

Patient testimonials were used to develop an interview guide to
explore the impact of visual function on health and HRQL of
different levels. The interview guide was used in exploratory
interviews with clinical experts, including a panel of 12 retinal
specialists and six vision rehabilitation specialists. The major
feedback from the retina specialist advisory board was that IRDs
can cause severe and progressive loss of peripheral VF, nyctalopia and ultimately loss of central vision, all of which are associated with severe impairment in functional vision and quality
of life. Some comments from the advisory board meeting were
incorporated into health state descriptions in later stages; these
were: patients in all health states have affected night vision/difficulty seeing at transition times (eg, sunset) and young people
struggle with the idea they cannot drive.
The six vision rehabilitation specialists provided very detailed
information regarding the impact of vision loss on different
aspects of patients’ lives which was used to develop the vignettes.
They described the nature of the vision loss and how it can
change over time; and the impact on everyday life and ability to
complete everyday activities such as school, work or social activities. These interviews also provided some information regarding
the impact of severe vision loss on patients’ psychological health,
relationships and family life. Rehabilitation specialists in the US
and UK were recruited so that the information would reflect
practice in both countries.

Cognitive debrief interviews

Information from expert interviews and patient testimonials was
used to develop draft health state vignettes, which were assessed
for content validity by patients, carers and a retinal specialist
with expertise in low vision. Three interviews were conducted
with mothers of children with vision loss ranging in age from 5 to
1612

16 (one with severe vision loss and two with moderate) and two
adults with RPE65-mediated IRD (one with profound vision loss
and the other with moderate). The general feedback from these
interviews was that most sections of the vignettes were accurate.
Some specific areas of feedback led to changes in the vignette
descriptions. The participants felt strongly that in the moderate
vision loss state people did not need a cane or assistance to cross
a street safely. The parents of the children with moderate vision
loss indicated that it was more accurate to state that their children needed a lot of light to see (eg, a flashlight), as opposed to
relying on visual aids. References to poor academic performance
and motivation at school or work were deleted. One of the adult
participants said that the social isolation and need for adaptations in the home was overstated. He described how he simply
uses Uber and other ride-sharing services to commute and uses
voice recognition devices for assistance in the home.
The clinical expert also confirmed that much of the content
of the vignettes was accurate, but some recommendations for
changes were made. She suggested that even in the two most
severe states, patients can cross a street safely with the help
of visual aids and can navigate outside with help. The expert
reported that in the ‘Counting fingers’ state, participants cannot
see during the day as well as at night. The expert also commented
that in terms of psychological impact, the word ‘devastating’ is
only appropriate for the three most severe states.

Health state valuation

Six retina specialists with expertise in IRDs completed interviews
to provide a proxy valuation of the health state vignettes using
generic measures of HRQL. All six retina specialists participated
in the chronic care of patients with IRDs in different settings
across hospitals and clinics in the USA. They had an average of
20 years of experience working with patients with IRDs (range:
4–28 years).
One clinical expert stated that he believed it was not possible
to rate the emotional functioning domains on the EQ-5D-5L
and HUI3 and therefore he did not provide responses for these
domains. This meant that the data could not be scored as the
EQ-5D-5L and HUI3 require a response to all items to produce
a score. Therefore, for this participant, the missing data were
replaced with the most common (or modal) response for that
domain from the other experts.
The EQ-5D-5L scores ranged from 0.71 (moderate vision
loss) to 0.15 (HM to NLP), with an overall range of 0.56 (table 1
and figure 1). The HUI3 scores for each state are lower than
the corresponding EQ-5D-5L value. They range from 0.52 to
−0.04, with an overall range of scores of 0.56 (table 1 and
figure 1). Despite the low sample size, the low SDs in table 1

Table 1 IRD health states and HRQL scores using EQ-5D-5L and
HUI3 from six clinical experts
EQ-5D-5L
Mean

HUI3
SD

Mean

SD

Moderate vision loss

0.709

0.094

0.519

0.160

Severe vision loss

0.615

0.044

0.363

0.112

Profound vision loss

0.515

0.071

0.223

0.102

Counting fingers

0.354

0.063

0.141

0.092

Hand motion to NLP

0.152

0.114

−0.039

0.069

EQ-5D-5L, 5-level version of EuroQol-5 Dimension; HRQL, health-related quality
of life; HUI3, Health Utility Index 3; IRD, inherited retinal disease; NLP, no light
perception.
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Figure 1 HRQL scores for IRD states from EQ-5D-5L and HUI-3 show the same pattern but HUI-3 scores are consistently lower. EQ-5D-5L, 5-level
version of EuroQol-5 Dimension; HUI3, Health Utility Index 3; IRD, inherited retinal disease; NLP, no light perception.
indicate a high level of independent agreement between the
experts in their ratings of each state.
As noted above, one clinical expert believed it was not possible
to rate the emotional functioning domains on the EQ-5D-5L
and HUI3 and therefore he did not provide responses for these
domains. As a sensitivity analysis, the modal response used to
impute the missing information was replaced with the best level
(not anxious or depressed) and worst level (extremely anxious or
depressed) for this participant. On the EQ-5D (which has only
five dimensions and is likely the most sensitive to this imputation) the SDs for states were moderate 0.10 and 0.18; severe
0.06 and 0.14; profound 0.08 and 0.15; counting fingers 0.12
and 0.09; and HM to NLP 0.14 and 0.11.

Discussion

This study reports HRQL weights (or utilities) for health
states describing different levels of vision loss in patients with
RPE65-mediated IRD. These utilities were derived based on
expert elicitation interviews, which used vignette descriptions of
different levels of vision loss in order to elicit data from experts.
The use of vignettes to capture HRQL data for economic evaluation is quite common.24 In the current study, different sources
of information were used to develop five vignettes which were
designed to describe health and quality of life. The health utility
weights from the two HRQL measures used revealed a large
decline in scores with vision loss. A decline was seen on both
measures, and the degree of decline from moderate vision loss
to NLP was identical on both (−0.56). The HUI3 scores were
lower than the EQ-5D-5L scores, which is likely due to the fact
that the HUI3 includes a domain specifically related to vision.
Furthermore, while the use of the EQ-5D is generally encouraged by most international health technology assessment bodies
for purposes of reimbursement decision-making, the most
appropriate measure for capturing HRQL may vary depending

on the disease under consideration. For example, Longworth et
al25 note, ‘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 qualitative data from the patient testimonials and the
interviews with vision specialists provided a rich description of
the impact of having an IRD on patients’ lives. Many areas of
quality of life are affected by this level of vision loss including
independence, mental health and the ability to engage socially
with others. RPE65-mediated vision loss typically affects children and young adults, which perhaps accentuates some of the
difficulties that people experience. Patients’ declining vision
limits their opportunities during their formative teenage and
young adult years, the same period in which their peers’ opportunities are expanding. The rehabilitation specialists were positive about the possibilities for improving the lives of patients
with IRDs, but also were realistic about the substantial burden
of very severe vision loss. The qualitative picture that informed
the vignettes supports the face validity of the utility findings. The
utility values are low, especially for the more severe states, and
the qualitative work supported these scores.
The structured elicitation methods described above were
adopted because of the difficulties in capturing new HRQL data
in an extremely rare condition like RPE65-mediated IRD. It
would have been very challenging to recruit samples of patients
at each level of vision loss in order to capture HRQL data for the
purposes of modelling. This is work that could be conducted in
the future to verify these findings. In this study, the vignettes that
were developed were valued by asking expert physicians to judge
the impact of each state on HRQL based on their experience,
and then provide a proxy rating of this using EQ-5D. The utility
values were then estimated using the EQ-5D scoring weights.
In the literature, it is more typical for vignettes to be rated in
a time trade-off exercise with the general public. We favoured
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using clinicians here because the experience of severe vision loss
may be difficult for the public to imagine. It also allowed us
to describe some specific clinical information which may not be
readily understood by the general public and the resulting utilities were rooted in the EQ-5D value set. The method could have
been improved on by also asking people with RPE65-mediated
IRD or their caregivers to also provide ratings.
Some limitations in the work should be considered when
reviewing the results. The content of the vignettes drove the
utility results; as such, the results are dependent on the accuracy
of the vignette descriptions. For this reason, multiple rounds of
interviews were conducted to develop these materials, drawing
qualitative descriptions of the impact of vision loss from healthcare providers, parents, patients and carers. Moreover, in the
final rounds of interviews, a consensus emerged that the vignettes
were accurate, further supporting the results obtained. Valuations were provided by six retina specialists. Retina specialists
with extensive expertise in IRDs represent an even smaller fraction of an already small subspecialty. The six retina specialists
provided quite consistent responses to the EQ-5D-5L and HUI3
and so we believe that undertaking additional interviews would
not likely have provided significantly different information. It
should also be noted that one of the retinal experts was unable to
judge the psychological status of people in each state and so the
modal response from the other participants was imputed. The
use of the modal response for this participant may have reduced
the SD in the utilities slightly. The sensitivity analysis shows what
the possible range of SDs could have been.
The findings are corroborated by similar values obtained using
a different methodology in a different retinal disease.8 In that
study, researchers derived utility weights directly from patients
with macular degeneration, diabetic retinopathy or other causes
of vision loss. Brown et al report values ranging from 0.26
(NLP), 0.47 (light perception to counting fingers) and 0.65
(20/200 to 20/400), similar to the current study. LUXTURNA
has been reviewed by the ICER which is an independent body in
the USA that evaluates the clinical and economic value of treatments (https://
icer-
review.
org/). In their economic evaluation
of LUXTURNA they relied on quality of life weights (utilities)
from people with diabetic retinopathy.9 In that study, EQ-5D
scores for patients with retinopathy were 0.53 (6/60 to 6/120)
and 0.34 (counting fingers to HM); while the equivalent values
in this study were 0.62 and 0.36 to 0.15. The higher values in
the present study may reflect the younger population without
type 2 diabetes.
In conclusion, this is the first study to report HRQL weights
(or utilities) for health states describing different levels of vision
loss in patients with RPE65-mediated IRDs. The health utility
weights from the two HRQL measures revealed a large decline
in scores with vision loss, corroborating the substantial impact of
progressive vision loss on HRQL.
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