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Abstract

Patient reported outcome measures (PROMs) capture impact of disease and treatment on quality of life, and have an
emerging role in clinical trial outcome measurement. This study included a systematic review and quality appraisal
of PROMs developed or validated for use in adults with uveitis or scleritis. We searched MEDLINE, EMBASE, PsycINFO,
CINAHL and grey literature sources, to 5 November 2021. We used established quality criteria to grade each PROM
instrument in multiple domains from A (high quality) to C (low quality), and assessed content development, validity,
reliability and responsiveness. For instruments developed using classic test theory-based psychometric approaches,
we assessed acceptability, item targeting and internal consistency. For instruments developed using Item Response
Theory (IRT) (e.g. Rasch analysis), we assessed response categories, dimensionality, measurement precision, item

fit statistics, differential item functioning and targeting. We identified and appraised four instruments applicable to
certain uveitis types, but none for scleritis. Specifically, the National Eye Institute Visual Function Questionnaire-25
(NEI-VFQ), a 3-part PROM for Birdshot retinochoroiditis (Birdshot Disease & Medication Symptoms Questionnaire
[BD&MSQ], the quality of life (QolL) impact of Birdshot Chorioretinopathy [QoL BCR], and the QoL impact of BCR
medication [Qol. Meds], the Kings Sarcoidosis Questionnaire (KSQ), and a PROM for cytomegalovirus retinitis. These
instruments had limited coverage for these heterogeneous conditions, with a focus on very rare subtypes. Psycho-
metric appraisal revealed considerable variability between instruments, limited content development, and only one
developed using Item Response Theory. In conclusion, there are few validated PROMs for patients with uveitis and
none for scleritis, and existing instruments have suboptimal psychometric performance. We articulate why we do not
recommend their inclusion as clinical trial outcome measures for drug licensing purposes, and highlight an unmet
need for PROMs applicable to uveitis and scleritis.

Introduction

Finding effective treatments for rare diseases, and spe-

cifically, for uveitis and scleritis has been identified as a
TCharles O’'Donovan and Jesse Panthagani are shared first authors. research priority by stakeholders internationally [1, 2].The
acutely sight-threatening nature of these ocular inflamma-
tory disorders, and their frequently chronic or relapsing
1 course, means that systemic therapies are often required.
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(autoimmune or autoinflammatory) aetiology [3]. There
have been significant advances in therapeutic options in
recent years. Biologic therapies are complementing tra-
ditional use of corticosteroids and second-line immu-
nosuppressive therapy for some indications, including
non-infectious posterior, intermediate and panuveitis.
Ongoing development or repurposing of biologic thera-
pies, targeting underlying loss of immune tolerance or
early instigators of the inflammatory cascade, is likely to
transform management [4]. Treatments, whether initiated
for eye disease, or an associated IMID, must be assessed
for their multisystem benefits and side effects. There is
clear need to consider patients holistically and to take a
multidisciplinary, multispecialty approach to care and
outcome measurement that extends beyond traditional
visual function and ocular imaging measures.

There has been growing focus on patient-centred def-
initions of efficacy, and better integration of the patient
voice into research priority setting, outcomes design,
and routine clinical practice in ophthalmology [5-7].
A patient reported outcome measure (PROM) facili-
tates quantitative capture of the subjectively experi-
enced impacts of disease and its treatment (See Table 1
Glossary). For PROMs to be useful and acceptable,
especially for drug marketing authorisation [7, 8], they
need to be targeted to the constructs of interest, pos-
sess sound psychometric performance properties (e.g.

Table 1 Glossary of key terms
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as assessed using Item Response Theory models), and
be valid, reliable, responsive and acceptable to users [9].
Well-designed PROMs yield an interval-scaled measure
for each quality of life domain measured, which is ame-
nable to quantitative statistical analysis, and thus of tre-
mendous value to clinicians and researchers [10].

There is a pressing need for robust PROMs in inflam-
matory eye disease [6]. Denniston et al. reviewed uvei-
tis clinical trials and reported that none included a
PROM as the primary outcome measure [11]. More
recent uveitis trials (e.g. SYCAMORE, VISUAL I and
VISUAL II, MUST) include a variety of generic and
vision-specific PROMs [12-16]. This timely systematic
review aimed to identify and psychometrically evalu-
ate the quality of all PROMs developed or validated in
adults with scleritis or uveitis.

Methods

The methodology followed our published PROSPERO
protocol (CRD42019151652) [17]. The systematic review
is reported in line with PRISMA guidance [17, 18].

Searches

We systematically searched the following electronic
databases on 5 November 2021: MEDLINE (Ovid),
EMBASE(Ovid), PsycINFO (Ovid) and CINAHL Plus

Patient reported outcome measure (PROM) PROM:s are sets of questions or ‘items'which form an ‘instrument’ used to quantify the subjective
impacts of disease or its treatment. They can be broadly split into generic health, vision-specific, or
disease-specific measures. Generic health measures usefully support comparison of the health status
of different disease groups, whilst vision and disease-specific PROMs, including instruments focused
on signs or symptoms, offer more sensitive measurement of change in health status

Quality of life (QoL)

QoL is a multidimensional construct, with domains potentially including symptoms relating to vision

function, eye disease, or other aspects of health and organ function, impacts of disease and treatment
on aspects of daily functioning, including daily activities, mental, social, emotional and economic

functioning
Classic test theory

Classic test theory (CTT), also known as true score theory, is a quantitative approach to test the reli-

ability and validity of a scale based on items. It considers the relationship between the expected score
(or'true’score) and observed score on any given measurement. The true score is one that would be
obtained if there were no errors in measurement. It assumes that random errors (i.e., the difference
between a true score and a set of observed scores on the same individual) are normally distributed
and item responses are coded so that higher responses reflect more of the concept

Item response theory (IRT)

[tem Response Theory (IRT) refers to psychometric statistical model that attempts to map data

Rasch model

Principal Component Analysis (PCA)

observed on participants to latent traits assumed to be causing the observations, in order to explain as
much of the observed variance as possible. IRT assumes that the latent construct and items of a meas-
ure are organised in an unobservable continuum and its main purpose focuses on establishing the
individual's position on that continuum. As in CTT, IRT requires each item be distinct from the others,
yet similar and consistent with them in reflecting all important respects of the underlying construct

The Rasch Model measures latent traits (like difficulty with daily vision-related tasks) and provides an
internally valid measure by allowing non-linear raw data to be converted to a linear scale, which then
can be evaluated through the use of parametric statistical tests. It assumes that the probability of a
given person/item interaction is governed by the difficulty of the item and the ability of the person,
that are determined by the item locations on the presumed latent variable along with the rating scale
structure

Principal Component Analysis (PCA) is a dimension-reducing tool that replaces the variables in a data
set by a smaller number of derived variables
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(EBSCO). The search strategy combined index and
free text terms for the clinical entities, and terms relat-
ing to quality of life, health status indicators or patient-
reported outcomes, with no restrictions on the language
or year of publication (See supplement). The MEDLINE
search strategy was adapted for use on all databases. We
screened references of included studies, to identify any
additional instruments. Where multiple studies refer-
enced the same PROM, we searched citations to obtain
the study reporting the original PROM’s development
and any subsequent revisions and reports relating to
instrument quality appraisal or validation.

Study selection

We included studies reporting content identification,
development, psychometric assessment, or validation of
PROMs to assess the impact of uveitis or scleritis alone,
or in combination, in adult patients. We included broad
search terms for patient-reported outcomes and ‘qual-
ity of life; considering ‘quality of life’ as an umbrella term
including multiple domains (see Table 1). We sought stud-
ies that used valid disease-relevant content development
methods such as structured/semi-structured interviews,
focus groups and/or literature reviews, but did not exclude
validation studies with weaker content development (e.g.
expert opinion). We excluded editorials, reviews, confer-
ence abstracts and studies reporting instruments devel-
oped solely for use in children. We excluded studies
reporting the use, but not the development of a PROM.

Main outcomes

For each included study, we extracted study character-
istics (publication year, citation, country/region, sample
size) and characteristics of patients on whom the instru-
ment was developed / assessed / validated. This included
disease type(s) and subtypes, age, sex, ethnicity, and, if
reported, the proportion of patients on systemic antimi-
crobial or anti-inflammatory therapy. We extracted the
name of the PROM, the QoL domains covered, the num-
ber of items in each domain, and any subtypes of uveitis
or scleritis covered by the PROM.

Data extraction, synthesis and analysis

Search results were uploaded to Endnote X9 (Clarivate
Analytics). All titles and abstracts were screened by two
independent reviewers (TB and XL/CO), to remove irrel-
evant articles. Full text articles were obtained for studies
that potentially met eligibility criteria. Abstracts that did
not provide the reviewers with sufficient information to
make a decision were taken forward for full-text screen-
ing, to minimise the risk of missing a potentially relevant
article. At any stage, if the reviewers were unable to reach
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consensus, an additional reviewer was consulted (KP).
Two reviewers (TB and OLA/JP/CO) independently
extracted data from studies meeting the inclusion crite-
ria, using a standardised form.

PROM quality assessment

Two reviewers (TB and OLA/CO), with adjudication by
a third (KP), considered the overall extent to which the
instrument’s items were relevant to uveitis or scleritis,
based on the patient samples used for item identifica-
tion and development, and for instrument validation. We
graded this as very relevant, somewhat relevant, or not
very relevant.

We assessed the quality of each identified PROM using
established quality criteria (see Supplementary Table 1
definitions), adapted from the US Food and Drug Admin-
istration framework and guidelines [19], and COSMIN
Standards for the selection of health status Measurement
Instruments [20, 21], grading each of multiple domains
from A (high quality) to C (low quality) [22]. The frame-
work has been used previously to appraise the quality of
PROMs in ophthalmology [9, 23], including retinal dis-
ease [23], cataract [24], refractive surgery [25], refractive
error [26], amblyopia and strabismus [27] and keratoco-
nus [28]. We reviewed instrument content development,
and appraised item identification and item selection. For
item identification we assigned a grade ‘A’ for, “compre-
hensive consultation with patients,” if a sufficient number
(i.e. more than 30) of relevant patients were included to
achieve content saturation [29]. For item selection, we
assigned a grade ‘A, based on the COSMIN guidelines,
if the pilot instrument contained more than 7 times the
number of patients than items in the instrument (or in
the case of multidimensional instrument, 7 times the
number of items in the largest domain representing a
unidimensional construct); if the patient sample was
fewer than 5 times the number of items we graded this
domain ‘inadequate’ (grade ‘C’) [30].

For instruments developed using classic test theory-
based psychometric approaches, we assessed accept-
ability, item targeting and internal consistency, but we
highlighted as a limitation that more modern psycho-
metric approaches had not been considered (highlight-
ing Table 2 cells in red for ‘not done’). For instruments
developed using the more rigorous Item Response The-
ory (IRT) (e.g. Rasch analysis) approaches, we assessed
response categories, dimensionality, measurement preci-
sion, item fit statistics, differential item functioning and
targeting [10].

In both study types, we assessed validity (concurrent, con-
vergent, discriminant and known group validity), reliability
(test—retest) and responsiveness (See Supplementary Table 1
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Identification of studies via databases and registers
Records identified from:
S Databases (n = 3876) Records removed before
= CINAHL (358) screening:
= EMBASE (2563) > Duplicate records removed
= MEDLINE (931) (n=464)
g PSYCHINFO (24)
Records screened » | Records excluded™
(n =3412) (n =3292)
A4
Reports sought for retrieval »| Reports not retrieved
> (n=120) (n=0)
=
[
e
3]
2 Reports excluded (n = 112)
Editorials n = 2
Reports assessed for eligibility* ~ [——»| Reviewsn=5
(n = 120) Conference abstracts n = 1
Uveitis (n = 97) No instrument mentioned = 4
Optic neuritis (n = 23) Instruments developed solely for
Scleritis (n = 0) use in children n = 15
Comparing two instruments to
—J assess QoL =4
Instruments reporting use, but
Reports included not the development of a PROM
through snowballing n=71
and MSQLI handbook Development of a PROM but not
(n=4) ocular related = 10
¥
Studies included in review* Studies excluded*
(n=7) (n=5)
Uveitis (n =7) "| Optic Neuritis (n = 5)
Scleritis (n = 0)
*This search included optic neuritis and these results are reported elsewhere.
Fig. 1 PRISMA flow diagram

for definitions). Where the patient sample used to validate
the instrument was not independent from the sample used
to develop it (across one or more published papers) we high-
lighted this as a limitation of the instrument.

Analysis of subgroups or subsets
We present the instruments developed for uveitis or scle-
ritis, and any disease-specific causes separately.

Results

The systematic search of bibliographic databases and
cited references identified 3876 hits, reducing to 3412
after removal of duplicates. The study selection process
is presented in Fig. 1. In total, for uveitis, we identified
seven studies reporting four instruments. Specifically, an
instrument developed and validated for Birdshot retino-
choroiditis, an instrument developed and validated for
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cytomegalovirus retinitis associated with HIV infection,
an instrument developed and validated for sarcoidosis
(including ocular sarcoidosis, a cause of uveitis), and an
instrument validated for non-infectious posterior and
intermediate uveitis (using a previously developed vision-
specific instrument).

No studies reported instruments for scleritis [31-37].

Table 2 summarises the characteristics of the included
studies. Table 2 summarises the findings comparing the
psychometric quality appraisal of included uveitis stud-
ies, against our predefined criteria (eTable 1). A justifica-
tion of each grading assigned is available (Supplementary
Table 2).

UVEITIS PROMs

NEI VFQ-25 and its validity in uveitis

The original National Eye Institute Visual Function Ques-
tionnaire-25 (NEI VFQ-25) was developed between 1994
and 1998 for English-speaking adults aged > =21 years
with vision impairment from age-related macular
degeneration, cataract, diabetic neuropathy, glaucoma
or cytomegalovirus retinitis (a type of infectious pan or
posterior uveitis), following initial content development
with multi-condition focus groups [38, 39]. A total of
262 patients were recruited from 5 academic centres,
then a further 597 people were recruited in 1996 from
multi-condition focus groups (only 5% n=37/597 had
cytomegalovirus retinitis). The original 51-item instru-
ment was developed from a 96-item pilot instrument,
and took 15 min to administer. The shorter 25-item NEI
VFQ-25 was developed in 2001 [35]. This included 11
vision-related subscales (general vision, near vision, dis-
tance vision, driving, peripheral vision, colour vision,
ocular pain, vision-specific role difficulties, vision-spe-
cific dependency, vision-specific social functioning, and
vision-specific mental health) and one general health
item. Each subscale was scored so that 0 represented the
lowest and 100 the best possible score.

We graded the original NEI VFQ-25 with ‘A’ for item
selection in its intended purpose, as an eye disease-
generic vision-specific tool. However, as a uveitis-appli-
cable tool we graded the instrument ‘C’ It is critical to
note that the majority of focus group participants had
other ophthalmic conditions, and those with uveitis had a
rare and specific type of uveitis (CMV retinitis associated
with HIV infection). Based on the item development pro-
cess we would anticipate poor generalisability to uveitis
in general, given few ‘appropriate patients’ for uveitis. We
scored NEI VFQ-25 ‘A’ for internal consistency based on
classic test theory, but ‘B’ for acceptability and ‘C’ for tar-
geting. All 4 types of validity were assessed, but only con-
current and known group validity were graded ‘A’ in this
tool’s capacity as an eye disease-generic vision-specific
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instrument, with convergent validity graded ‘B’ and dis-
criminant validity graded ‘C. However, the validation was
not specific to uveitis.

We identified three papers by Naik et al. which sought
to validate use of the NEI VFQ-25 for non-infectious
intermediate and posterior uveitis. Two reports from one
study used secondary analysis of data (n=224) from the
HURON trial, a multicentre Phase 3 randomised con-
trolled trial (RCT) assessing the efficacy and safety of
dexamethasone intravitreal implant (Ozurdex) compared
to sham [37]. This validation study did not include any
item generation, perpetuating the limitations of the ear-
lier instrument. We graded the instrument ‘A’ for inter-
nal consistency based on CTT approaches, but targeting
and acceptability were not reported. Known group valid-
ity was graded ‘A’ but convergent and concurrent validity
‘C} with no assessment of discriminant validity. Based on
an additional study report with comparison to norma-
tive data from a normal reference population (n=122) we
revised the grading of convergent validity to ‘A’ [36].

Birdshot retinochoroiditis PROMs

We identified one study by Barry et al. reporting a PROM
for Birdshot retinochoroiditis including three domains;
the Birdshot Disease & Medication Symptoms Question-
naire (BD&MSQ), 43 items in pilot, 21 in final); the QoL
impact of Birdshot Chorioretinopathy (BCR) disease
(QoL BCR, 25 items in pilot, 20 in finals); and the QoL
impact of BCR medication (QoL Meds, 25 items in pilot,
12 in final) [31]. Content development was limited to an
expert panel of two patients, one ophthalmologist and a
psychologist, and did not explicitly reference a literature
review (although it is highly unlikely there was any rel-
evant prior literature for this rare disease). Instrument
development used factor analysis to identify subscales
from the responses of eight patient volunteers and one
normal control, before validation in a larger sample of
150 patient volunteers recruited via the UK’s national
patient support group. However, the factor analysis used
for item selection was arguably invalid, including an
insufficient number of responses from only 8 patients
(more questions than people) so we downgraded this
to C. We graded the internal consistency ‘A, but judged
approaches to item identification and assessment of
acceptability to be Grade B. The study assessed 2 out of
4 domains of validity well (Grade A), but did not assess
temporal responsiveness/reliability.

CMV retinitis PROM

The 18-item instrument for patients with cytomeg-
alovirus (CMV) retinitis associated with acquired
immunodeficiency syndrome (AIDS) was devel-
oped in 1992 for the ‘Ocular Complications of AIDS
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Foscarnet-Ganciclovir CMV Retinitis’ Trial [32]. The
key limitations of this instrument were that, whilst
some qualitative research was undertaken, most of the
44 items in the pilot instrument were repurposed from
other non-relevant studies including the Visual Func-
tion-14 (VF-14) instrument, developed to assess visual
function and symptoms in patients with cataracts [40];
the Medical Outcomes Study Short Form [41]; and the
SE-36 [42]., and Classic Test Theory approaches were
used to develop the final 18-item instrument. Martin
et al. subsequently validated the CMYV retinitis-specific
QoL instrument [32], in an independent sample of 279
patients included in the CRRT multicentre, randomized
controlled trial of intravenous foscarnet, intravenous
ganciclovir and combination treatment for relapsed
CMYV retinitis. We again graded the instrument valida-
tion data with A for internal consistency using the CTT

Table 3 Psychometric quality appraisal of included studies
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approach, and A for concurrent validity, with this study
adding convergent validity (Grade A), and responsive-
ness (Grade A), but revealing poor targeting (Grade C).

King’s Sarcoidosis questionnaire

The 29-item King’s Sarcoidosis Questionnaire (KSQ) devel-
oped in 2011 assessed impact of sarcoidosis and its treat-
ment on ocular symptoms (7 items) and general health state
(10 items), amongst others, in the past 2 weeks. (34) This was
the only instrument we identified which used IRT (the Rasch
model) for item selection and instrument development, and
which confirmed good score repeatability 2 weeks later. We
assessed the ocular item set specifically, and felt this per-
formed well in most aspects of the quality appraisal (Table 3
and eTable 2). Key limitations were that: content was devel-
oped from interviews with just 7 ocular sarcoidosis patients
(with uveitis subtype unspecified), which we felt was unlikely

Item identification

Item selection

Acceptability

Uveitis

Instrument BCR CMV retinitis 25-item NEIVFQ KSQ

First author, year Barry 2014 [25] Wu [26] Martin Mangione 2001 Naik 2011 [30] | Naik 2013b Patel 2013
2001 [29] & 2013a [31] [32] [28]
[27]

Intended patient Birdshot cMvV cMV Vision Vision Vision Sarcoidosis

population Retinochoroiditis retinitis retinitis impairment impairment impairment

instrument

developed for

Targeting

Internal consistency

Response categories

Measurement
precision

Dimensionality

Item fit

DIF

Targeting

Concurrent

Known group

Convergent

Discriminant

Repeatability/ICC

Responsiveness

Green A, Orange B, Red C Grey: Not reported or not done
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to be sufficient to achieve content saturation; the patient
sample (n=207) was small for the initial 65 items under
investigation; and the validation study of the final 29-item
instrument did not use an independent sample.

Discussion

This systematic review identified a paucity of disease-
specific PROMs for use in uveitis (#=4) and no PROMs
for scleritis. There was very limited coverage of relevant
diseases to ocular inflammatory disease phenotypes, with
focus on cytomegalovirus retinitis associated with HIV
infection (which was an important concern at the time,
but is now a rare presentation thanks to anti-retroviral
therapy), sarcoidosis, and Birdshot retinochoroiditis.
No PROM covered the most frequent manifestation of
inflammatory eye disease, namely, anterior uveitis. This
aligned with our expectation, given the lack of inclusion
of disease-specific PROMs in recent and currently ongo-
ing RCTs.

Our quality appraisal revealed numerous limitations of
the available instruments, with few instruments scoring
a good grade ‘A’ in multiple domains. In contrast to other
areas of ophthalmic PROM development, contemporary
psychometric approaches incorporating item response
theory have seldom been used in uveitis PROMs; the
notable exception was the KSQ which was developed by
respiratory physicians, for use aligned to the systemic
condition rather than ocular sarcoidosis per se. Petrillo
and colleagues argue that there are multiple issues with
using classic test theory for psychometric evaluations
[43]. Specifically, analysis is not based on interval-level
measurement but on counts (summary scores of items),
findings are dependent on the scale and sample, miss-
ing data cannot be handled easily, and the standard error
of measurement around individual patient scores are
assumed to have a constant value. Contemporary psy-
chometric tools, such as Rasch Measurement Theory,
permit a more robust approach to examination of valid-
ity and interpretability. This is recommended, especially
if a PROM is being developed for the high-stakes situa-
tion of a pharmaceutical labelling claim. Many of these
studies were developed and validated many years before
the widespread application of COSMIN guidelines and
IRT-based quality appraisal tools, and so it is not sur-
prising that these older studies have been assessed to
have suboptimal quality by contemporary standards. It is
worth noting that not all the quality assessment criteria
in e€Table 1 are of equal value and importance. The pos-
session of interval scaling and Rasch validity (especially
precision and unidimensionality) is much more impor-
tant than assessments of validity, reliability, or acceptabil-
ity. For without interval scaling, the PROM is effectively
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not quantitative and therefore it will not find impactful
applications.

Consideration of the NEI VFQ-25 helps to illustrate
these points. The NEI VFQ-25 was not developed for
uveitis specifically (5% of people providing content input
had intermediate or posterior uveitis resulting from CMV
infection in HIV) [44]. It has been frequently included as
a secondary outcome measure in clinical trials in oph-
thalmology, and in uveitis [6]. However, multiple stud-
ies have psychometrically evaluated the NEI VFQ-25 in
patients with different ocular conditions and the general
population, and have identified major shortcomings with
respect to reliability, validity and dimensional structure
[45-49]. Exploring data from 2487 patients with reti-
nal disease, Petrillo et al. reported that the NEI-VFQ-25
contained disordered response thresholds (15/25 items)
and mis-fitting items (8/25 items) [50]. The psychometric
performance has been similarly critiqued in low vision
and cataract populations, with studies identifying only
two unidimensional scales individually fitting the Rasch
model [47, 48].A Rasch re-engineered NEI VFQ with two
domains and fewer items has been developed [48, 49],
but has not been validated in uveitis or scleritis. The FDA
have noted the lack of validated PROMs in ophthalmol-
ogy, and indicated that none of those used in trials to
date would be considered acceptable for drug licensing
purposes [51].

A further general theme emerging from this review was
the exceedingly small number of patients interviewed to
obtain item content for inclusion, ranging from 2 (Bird-
shot retinochoroiditis PROM) to 37 in NEI-VFQ [31, 52].
This likely reflects the resources and expertise needed to
conduct this form of qualitative research. Typically, the
COSMIN guidelines suggest that more than 100 relevant
patients are needed to develop ‘very good’ content for
a structurally valid PROM (at least 7 times the number
of items); whereas if the patient sample is fewer than 5
times the number of items in the instrument to be vali-
dated, this is ‘inadequate’ [30]. A key unanswered ques-
tion is whether PROMs, developed without extensive
content identification in far larger numbers of patients,
have adequate external generalisability to other settings
(different countries, demographics, disease subtypes
and treatments). Furthermore, we note that the quality
appraisal criteria (Supplementary Table 1) do not account
for whether the patients included in content develop-
ment were relevant to the outcome of interest for which
their quality is being appraised.

Also evident was a historic desire for short instru-
ments with completion times around five minutes to
minimise participant burden, in the context of clinical
trial examination protocols. Quality appraisal indicates
that this focus on speed may have come at the cost of
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psychometric instrument performance. Evidence sug-
gests there are at least 10 domains of quality of life rel-
evant to people with ophthalmic diseases, extending
beyond, but including symptoms of disease (see Table 1).
Each domain of interest needs to be measured with a suf-
ficient number of items, spread out on an interval scale,
to yield a precise measure for that domain. This is impos-
sible when only one item is included per scale, and the
measure is likely to have low precision and reliability
when only a few items are included per domain. Fortu-
nately, the advent of computer adaptive testing offers a
solution to the ‘time burden’ problem [53, 54].

The unmet need for PROMs in inflammatory eye dis-
ease is problematic. The recent SARS-coronavirus-19
global pandemic has ushered in a period of accelerated
service transformation in the National Health Service and
health systems internationally. This is driving major shifts
towards virtual review and remote monitoring and in this
context, PROMs could have an important role to play.
PROMs improve patient satisfaction with care, symptom
management, quality of life and survival rates [55]. The
integration of PROM data through technological infra-
structure has progressed rapidly leading to the incorpo-
ration of internet-based applications, touchscreen tablets
and electronic health records into clinical care [56]. For
clinicians, PROM collection has been shown to enhance
shared decision making by allowing the clinicians to bet-
ter understand the patient’s symptoms and impact on
their quality of life. Furthermore, it can enhance work-
flow efficiency and save time when used regularly, e.g. by
using the limited clinic time to explore a particular symp-
tom burden highlighted from the instrument [57].

Strengths and limitations

Strengths of this systematic review include adhering to
sound systematic review methodology including a com-
prehensive search for published PROMs and robust qual-
ity appraisal of identified instruments. However, we did
not extensively search the grey literature or conference
abstracts. This means that we might have overlooked
reports of unpublished PROMs under current develop-
ment. Our assessment is that it would be very unlikely
that extending to these less developed tools and grey
literature would have resulted in the identification and
inclusion of any high quality, complete PROMs not iden-
tified through the main search. Also, we did not conduct
a separate search for all of the immune-mediated inflam-
matory diseases with which uveitis and scleritis may be
associated, or an explicit search for symptom measures.
Sets of relevant questions for uveitis or scleritis contained
within PROMs designed for associated systemic diseases
(e.g. the KSQ), or limited to symptoms, may have been
overlooked.
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Limitations of the quality criteria we used (eTable 1)
were that they held studies that used more modern IRT
approaches with PCA to a higher level of account in the
grading scheme, than studies which used older and more
simple classic test theory approaches. Also, they did not
emphasise the relative level of importance of the criteria
to one another. Furthermore, the quality criteria did not
require assessment of whether or not the patient samples
used to develop and to validate a PROM were independ-
ent, which is important, so we recommend the inclusion
of this as an additional item.

Implications

The potential value of using a PROM with strong psy-
chometric performance as a trial endpoint cannot
be understated. Not only do these permit alignment
with the outcomes that most matter to patients, but
there are major resource implications. Narrow stand-
ard errors around an outcome measure permit recruit-
ment of smaller samples, with major cost saving for
trial funders. We identified few PROMs, most of which
were developed many years ago and without the benefit
of contemporary psychometric approaches. The King’s
Sarcoidosis Questionnaire was a notable exception, with
the 17-item unidimensional Eye-General Health Status
module appearing promising for trials in ocular sarcoido-
sis, although validation in an independent sample would
first be recommended. Based on our quality appraisal, we
are not able to recommend any of the currently available
PROMs for therapeutic trials in uveitis, or scleritis.

Future research

Further research to develop robust PROMs for inflam-
matory eye disease is needed. This would help to address
priorities articulated through patient and stakeholder
research priority setting initiatives internationally.
Namely, to identify, through robust outcome measure-
ment, more effective therapies for rare diseases, includ-
ing inflammatory eye disease. It will be important for
future PROMs to adhere to guidance from the FDA on
PROM development [58]. Larger samples of patients are
generally needed for content identification and instru-
ment development than have been used in the uvei-
tis PROMs reported here, and these patients should
be representative of the clinical phenotypes eligible for
the trial. Future studies must ensure independence of
development and validation samples, and recruit a suf-
ficient sample size (>7 x patients than number of items
in largest unidimensional scale) for robust psychometric
development using the item response theory approach.
Investigators may also find the PROTEUS, SPIRIT-PRO
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and CONSORT-PRO guidelines on the selection and
reporting of PROMs for clinical trials helpful [58-61].

Conclusion

The challenge of developing PROMs, and the dearth of
their availability for rare disease areas is well recognised,
and applicable to an estimated 5000 to 8000 distinct rare
diseases [55, 62]. This systematic review highlights an
important, unmet need for the development and vali-
dation of PROMs that are able to measure the impact
of uveitis or scleritis, and their treatment, on multiple
domains of quality of life. Demand for robust PROMs
in inflammatory eye disease is anticipated to rise as not
only patients and clinicians [57], but regulators, payers,
accreditors, and professional organisations recognise
their potential value [56]. Given the time and cost taken
to develop a new PROM, and the increasingly impor-
tant role for PROMs both in clinical trials and the mod-
ern health service, further research is needed to identify
novel ways to reduce the multiple barriers to their devel-
opment and wider generalisability. This will be essential
to capture the outcomes that really matter to people liv-
ing with these diseases.
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