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Abstract: To date, there has been a global lack of data regarding the prevalence of conditions
falling under the Inherited Retinal Diseases (IRD) classification, the impact on the individuals
and families affected, and the cost burden to economies. The absence of an international patient
registry, and equitable access to genetic testing, compounds this matter. The resulting incomplete
knowledge of the impact of IRDs hinders the development and commissioning of clinical
services, provision of treatments, and planning and implementation of clinical trials. Thus,
there is a need for stronger evidence to support value for money to regulatory bodies for
treatments approved, and progressing through clinical trials. To ensure a strategic approach to
future research and service provision, it is necessary to learn more about the IRD landscape. This
review highlights two recent cost-of-illness reports on the socio-economic impact of 10 IRDs in
the Republic of Ireland (ROI) and the United Kingdom (UK), which demonstrate the compre-
hensive impact of IRDs on individuals affected, their families, friends and society. Total costs
attributable to IRDs in the ROI were estimated to be £42.6 million in 2019, comprising economic
(£28.8 million) and wellbeing costs (£13.8 million). Wellbeing costs were estimated using the
World Health Organization (WHO) burden of disease methodology, a non-financial approach,
where pain, suffering and premature mortality are measured in terms of disability-adjusted-life-
years (DALYSs). In the UK, wellbeing costs attributable to IRDs were £196.1 million, and
economic costs were £327.2 million amounting to £523.3 million total costs in 2019.
Accounting for over one-third of total costs, the wellbeing burden of persons affected by IRDs
should be emphasized and factored into reimbursement processes for therapies and care path-
ways. This targeted review presents the most current and relevant data on IRD prevalence in the
ROI and the UK, and the impacts (financial and non-financial) of IRDs in terms of diagnosis,
wellbeing, employment, formal and informal care, health system costs, deadweight losses and
issues surrounding payers and reimbursement. This review demonstrates IRD patients and their
families have common issues including, the need for timely equitable access to genetic testing
and counselling, equality in accessing employment, and a revision of the assessment process for
reimbursement of therapies currently focused on the cost-of-illness to the healthcare system. This
review reveals that IRD patients do not frequently engage the healthcare system and as such
suggests a cost-of-illness model from a societal perspective may be a better format.
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Introduction

Inherited retinal diseases (IRDs) represent a diverse group of visually debilitating
diseases that result in legal blindness from birth/early infancy or over time (most
often in childhood or early adulthood), in which disease-causing variants in genes
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that are critical to retinal structure and/or function lead to
photoreceptor cell dysfunction/death and associated vision
loss. Individual IRDs are classified as rare diseases.' In the
European Union, a disease is classified as rare if it affects
less than 1 in 2000 people.' In the USA, a disease is
classified as rare if it affects less than 200,000 people.*
Due to the small numbers affected, funding for research
and innovation for these conditions historically has been
limited. Lack of data hinders diagnosis and clinical care
for IRD patients, thus motivating the need to better
describe the burden and impact of IRDs to allow for the
allocation of funding and programs to improve the devel-
opment of new therapies and services for patients
with IRD.

This has led to a relative lack of knowledge and under-
standing of these diseases, which often results in a delay in
diagnosis. For rare disease cases, it has been reported that
diagnosis took an average of 7.6 years in the USA, and 5.6
years in the UK, during which time patients typically visited
eight physicians, four primary and four specialists, and
received two to three misdiagnoses.” While significant
advances have been made to identify over 300 genes respon-
sible for IRDs,* knowledge gaps remain to identify the
remaining causative genes, improve genetic testing meth-
odologies, and moreover access to them.” Indeed, insufficient
data on prevalence have contributed to the insufficient fund-
ing and resources available to conduct genetic testing for
IRDs, and to provide genetic counselling for IRD patients
and families. This has resulted in many patients waiting years
to obtain genetic test results.

The development of treatments and cures has also been
limited to date, with only one recently approved therapy
for a childhood-onset IRD (Luxturna®).

These conditions have imposed a considerable emo-
tional toll on patients and their care-givers.”’® Other
challenges include a lack of information regarding the
natural history of the majority of IRDs, resources, and
the financial cost of informal and formal care.
Accessing appropriate medical expertise, which is com-
pounded by a lack of specialist training programmes for
medical professionals on IRDs,? coupled with very low
genetic testing rates,”® underlies the delay in obtaining
a correct diagnosis and appropriate counselling/support.

A targeted literature review was carried out to allow the
most current and relevant data pertaining to the impact and
burden of IRDs in the UK and ROI to be included in this
review. The objectives of this review are to demonstrate and
improve awareness of how the incorporation of a patient-

centered approach is essential to ensure that the priorities of
researchers, clinicians, funders and policymakers are aligned
to the needs and priorities of those who experience retinal
degeneration: the patient, and those who care for them.
People increasingly want to be informed, empowered, and
engaged with their medical management.'® A patient-
centered approach means that patients are not just passive
subjects in clinical research anymore, but active participants,
and engaged stakeholders. "’

Important features of this review include the outline of
key findings of the recent landmark cost-of-illness reports
for IRDs in the UK and ROI, and to discuss the barriers
and burdens the lack of data and awareness of IRDs have
to the IRD community and to society.

This review presents data, which can be used to define the
economic burden of a disease, justify investment in preven-
tive or treatment interventions, inform funding allocation and
prioritisation, provide a basis for policy and planning, and
provide inputs for economic analyses. However, there is still
a need for further more comprehensive data.

This review serves to fill some of the aforementioned
knowledge gaps and presents data from cost-of-illness
reports for the ROI and UK which employed a patient-
centred approach in the design of surveys for real-world
evidence data generation from the patients and parents
involved. Patient involvement is crucial to inform deci-
sions in the IRD space.

Prevalence
The overall prevalence of the 10 IRDs listed in Table 1 is
estimated to be 0.0311% in ROI and UK for the year 2019;

Table | Estimated Prevalent Cases (Number of People) with
IRDs in ROI and UK

Region Republic of Ireland United Kingdom
IRD Base Upper Base Upper
Cases Band Cases Band
Retinitis Pigmentosa 755 1274 10,324 17,422
Usher Syndrome 189 320 2590 4371
Stargardt Disease 154 260 2109 3559
LCA/EOSRD 116 196 1587 2679
Best Disease 73 124 1003 1693
Cone Dystrophy 64 108 876 1478
Cone Rod Dystrophy | 59 100 812 1370
Achromatopsia 54 90 733 1237
X-linked Retinoschisis | 35 60 483 814
Choroideremia 22 37 298 504
Total 1,521 2,569 20,815 35,126
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methods and prevalence breakdown by region (ROI and
UK), age and sex are published in the reports.”® In many
cases, the inputs underlying a cost-of-illness analysis are
uncertain and changes in these inputs may have
a significant impact upon the total estimate of the costs
of IRDs in the ROI and UK in 2019. Given the limited
published data on the prevalence of IRDs in the ROI and
UK, a sensitivity analysis using an upper bound sensitivity
estimate based on the highest published prevalence esti-
mate available was undertaken. Using this approach, an
upper bound prevalence rate of 0.0525% was estimated for
the ROI and UK — 68.8% higher than the base prevalence
estimate of 0.0311% reported in this analysis.”* While this
source reports that its underlying research is based on
a systematic review of PubMed, grey literature, and expert
consultation, primary data informing these estimates are
difficult to ascertain and verify, and therefore does not
inform the base estimates or values presented in the
review.

Table 1 indicates the base case and upper band pre-
valence estimates across the 10 IRDs in the ROI and the
UK for 2019. The total base to upper band estimates range
for the 10 IRDs in the ROI is 1521-2569 prevalent cases
in 2019, and in the UK, this range is 20,815-35,126

prevalent cases.

Diagnosis and Genetic Testing

Accurate diagnosis requires molecular genetic testing. The
clinical diagnosis is likely to be made by a comprehensive
ophthalmologist, pediatric ophthalmologist, or retinal
specialist.'? A number of questions will arise at clinical
diagnosis. Who should have genetic testing? What differ-
ence will the results of molecular genetic testing make to
clinical management? Who will pay for testing? Molecular
diagnosis will not only confirm the clinical diagnosis but
also identify the correct inheritance pattern and guide
accurate genetic counselling for the patient and their
family (including potentially preimplantation genetic
diagnosis).'* It will also help to inform prognosis, which
is particularly important in younger subjects, especially in
the case of children who are at risk of systemic
problems.'? An accurate molecular diagnosis can inform
dietary decisions such as vitamins and minerals which may
be of benefit and which to avoid.'*"'* For example, high
intake of vitamin A is a suspected risk factor for disease
progression for those affected by Stargardt’s disease,'*
indeed individuals with Stargardt’s disease with low diet-
ary vitamin A intake showed significantly better visual

acuity with respect to those introducing higher intake of
vitamin A.'3 In contrast, supplementation of vitamin A has
been shown to have protective effects delaying progression

1315 In  addition,

of Retinitis Pigmentosa. obtaining
a molecular diagnosis informs patients and clinicians of
their potential suitability for participation in clinical trials.

Multiple clinical trials to treat IRDs are ongoing, with
the first gene therapy for IRD, Luxturna, having been
approved for use.® A 4-year follow-up report indicates
stable, persistent improvement in tests of functional vision
and visual function such as navigational ability and light
sensitivity in subjects with RPE65 mutation—associated
IRD.'® Typically, such trials and treatments require that
a causative variant has been identified in order to partici-
pate. Thus, genetic testing empowers patients with genetic
diagnoses to have potential future access to clinical trials
or approved treatments where appropriate. Given the rapid
development of the field of ocular therapeutics, genetically
characterising those affected by an IRD has become
a diagnostic imperative.'’

Recruitment to clinical trials depends on there being
sufficient numbers of patients with these rare IRDs who
know their specific disease-causing sequence variant.
Subsequently, as these life-changing therapies continue to
reach the clinic, it will be critical to identify patients who
may benefit,'> and reduce the economic and wellbeing
burden of IRDs to families and society as a whole.
Genetic testing will allow for the development of patient
registries, thus enabling the description of natural histories
of the conditions, determining clinical and/or cost-
effectiveness, assessing safety/harm, and measuring or
improving quality of care.'®

However, it is important to be aware that the informa-
tion revealed from a genetic test may not be immediately
beneficial to an individual or family. The result may create
anxiety for some family members, or may not reveal the
defective gene, which can be frustrating. It is therefore
firmly recommended that a genetic test for an IRD is only
carried out in conjunction with a genetic counsellor or
retinal specialist who is knowledgeable about the genetic
testing process and the potential impacts of the results.

Reports analysing the cost-of-illness of 10 IRDs in the
ROI and the UK were carried out for the year 2019.”* The 10
IRDs included in the study were Retinitis Pigmentosa (RP),
Leber Congenital Amaurosis (LCA) and Early Onset Severe
Retinal (EOSRD),
Choroideremia, Usher Syndrome, Best Disease, Cone-Rod

Dystrophy Cone  Dystrophy,

Dystrophy, Stargardt Disease, X-Linked Retinoschisis
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(XLRS), and Achromatopsia. All of these conditions can be
tested for by molecular genetic techniques. A description of
each condition is detailed in the Cost-of-illness (COI) reports
in Section 2.7#

A survey of persons living with an IRD in the ROI and
UK, along with parents/guardians of children under the
age of 18, was carried out in the ROI and the UK.”* There
were 129 participants which reflected 129 unique patients,
representing 60% uptake of the survey. Of these 76 were
based in the ROI and 53 were based in the UK. Of the 76
ROI participants, 52 were aged 18 or older and were
themselves living with an IRD. The remaining 24 were
the parent or guardian of a child under the age of 18 living
with an IRD. Of the 53 participants in the UK, 44 were
aged 18 or older and were themselves living with an IRD.
The remaining 9 were the parent or guardian of a child
under the age of 18 living with an IRD.”®

For the purpose of accurately diagnosing their IRD,
59.2% of survey participants in the ROI, and 56.6% of
participants in the UK, reported they had undergone
a genetic test; however, this does not indicate a received
genetic test result.””® Survey participants in the ROI indi-
cate 66% of family members underwent genetic testing for
the IRD, while the corresponding figure in the UK was
24.5%.”® For the purpose of the COI surveys, the rationale
as to why patients had not had genetic testing was not
investigated.

A summary of the survey responses in relation to
genetic testing and genetic counselling in the ROI” and
the UK® is outlined in Table 2.

While the uptake of genetic testing is low and the provi-
sion of genetic counselling limited, some insight can be
gained from recent research into the perceptions of parents
regarding their children’s diagnostic testing for IRDs in
China. Almost half of parents supported genetic testing to
help in making informed reproductive health decisions, to

Table 2 Survey Responses in Relation to Genetic Testing and
Genetic Counselling

Survey Responses in Relation to Genetic ROI UK
Testing and Genetic Counselling

Received a genetic test in their lifetime* 59.2% | 56.6%
Never received genetic counselling 69.7% | 50.9%
Received genetic test in last |2 months* 22.2% | 26.7%
Received genetic counselling in last 12 months 10.9% | 8.3%
Family member received a genetic test* 66.0% | 24.5%
Family member received genetic counselling 33.0% | 14.8%

Note: *Undergoing a genetic test does not indicate receipt of a genetic test result.

prepare for novel potential treatment, to identify the under-
lying causes of IRDs, and to satisfy curiosity about the
heredity of IRDs (given in approximately 50% of cases,
there is no definite family history of IRD - the genetic basis
is often (wrongly but understandably) questioned by patients
and families)."” However, 19.6% were opposed to testing for
four main reasons, namely (i) lack of therapeutic benefit, (ii)
difficulty in affording the testing cost, (iii) doubt in the
accuracy of clinical diagnosis, and (iv) concerns about the
limitations of genetic testing.'” While the remaining 32.6%
expressed that they would be willing to receive genetic test-
ing if (i) the doctors highly recommended it, (ii) the results
would be helpful to the treatment, or (iii) the testing was
affordable. Almost half of the parents expressed concerns
that the genetic findings might lead to potential psychological
stress in the family."” Inheritance of a genetic disorder may
invoke many technical, ethical and highly personal questions,
including feelings of guilt and helplessness. Therefore,
genetic counselling is essential, including providing accurate
information and guidance, and offering further support ser-
vices within a clinical setting. These professionals assist
patients in addressing the scientific and emotional issues
that arise in such situations and help them make informed
decisions based on their own values and individual
circumstances.*’

As more therapies progress through clinical trials there
may be an associated increase in the uptake of genetic
testing for IRDs, the authors acknowledge this would be
associated with an increase in genetic testing costs.
However, over time this may in part be counteracted by
the decreasing costs of whole genome and whole exome
sequencing.'” An increase in genetic testing should coin-
cide with an increase in genetic counselling incurring
additional costs, it is estimated that the unit cost for one
visit to a genetic counsellor is £185 in the ROI and £172 in
the UK.”

Attributing Costs to IRDs

The cost-of-illness reports followed a cost-of-illness metho-
dology applying a prevalence approach which involves esti-
mating the number of persons living with an IRD in a base
period (2019) and the costs attributable to IRDs in that period.
A summary of the overall costs by condition based on pre-
valence estimates according to both reports is outlined in
Table 3.

The ROI and UK cost-of-illness reports on IRDs esti-
mated first-round societal impacts. No second round or
longer term dynamic impacts were modelled (ie changes
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Table 3 Cost Associated with Individual IRDs Based on Base
Case Prevalence Estimates

Region ROI UK
IRD £ Million £ Million
RP 214 262.3
Usher syndrome 53 64.9
Stargardt disease 42 52.0
LCA/EOSRD 3.1 385
Best disease 2.0 248
Cone dystrophy 1.8 22.1
Cone-rod dystrophy 1.6 20.5
Achromatopsia 1.5 18.1
XLRS 1.0 12.6
Choroideremia 0.6 75
Total 42.6 5233

in wages or labour market outcomes associated with the
economic burden of IRDs). The five main cost categories
are outlined below and relate to:

(1) Wellbeing costs. Loss of wellbeing was measured by
years of healthy life lost to IRDs. This is a non-
financial approach, where pain, suffering and

premature mortality are measured in terms of disabil-
ity-adjusted life years (DALYSs). Disability weights
were applied to the prevalence of IRDs in the ROI
and the UK. DALYs were converted to euros and
pounds in the COI reports using an estimate of the
value of a statistical life year (VSLY). For full meth-
odology see Section 9.1 of COI reports.”*

(i) Individual productivity losses were calculated as
reduced workforce participation, absenteeism and
presenteeism (reduced productivity while at work)
of those living with an IRD, relative to the general
population. For full methodology see Section 7 of the
COI reports.”®

(iii) Formal and informal care was estimated on the

A targeted review of the medical journal databases
PubMed and Cochrane library covering the period
January 1, 2010 to December 31, 2018, and publicly
available databases were conducted to identify the most
relevant inputs for the cost-of-illness reports.”* Published
data were supported by primary data collection through
a survey of the persons over 18 living with one of the 10
IRDs listed, or the parents/guardians of children under 18
who are living with an IRD listed in these reports.

A summary of the overall costs by category according
to both reports is outlined in Table 4. Of interest, the
highest cost type associated with IRDs in both regions
was due to wellbeing costs, followed second in both
regions by productivity costs; with the lowest cost in
both regions being health system costs, indicative of the
low level of interaction of IRD patients with the health
systems.

Wellbeing
Wellbeing is a keyword in the WHO’s definition of health:
“a state of complete physical, mental and social wellbeing
and not merely the absence of disease or infirmity”.
Research has proven what the patient organisations (and
clinicians) have known anecdotally. Profound vision loss in
adolescents, young and middle-aged adults is associated
with significant negative psychological and psychosocial
effects.”’

assessed as mood, quality of an individual’s interpersonal

Interestingly, psychological wellbeing was
interactions, and career goals.?' The impact of visual impair-
ment on career and occupational goals should be of high
relevance to ophthalmologists and researchers, although few
studies have examined these effects. Impaired vision-related
quality of life has been shown to be associated with the
inability to work and low socioeconomic status.”? The

impact of IRDs on participation in the workforce in the

number of individuals with an IRD that receive :'ablel 4 IZreakdown of Cost Type Based on Base Case
. revalence Estimates
formal and/or informal care, the number of hours
of care, and the cost per hour. For full methodol- Region ROI UK
ogy see Section 8.5 of COI reports.”® Cost Type % Total | £ Million | % Total | £ Million
(iv) Costs to the health system include primary and sec- WellbeingCosts 123 138 375 9.1
ondary health care, pharmaceuticals, vitamins and Productivity Costs 18.9 8.l 21.8 114.1
supplements, diagnostic tests and medical research. Deadweight losses 16.6 7. 5.5 287
. . . Informal 13, : 16.1 4.
(v) Deadweight losses represent society-wide effi- nformal Carer Costs | 136 >8 é 843
. | . 6 | £ . Other Costs 142 6.0 143 749
ciency losses arising from loss of taxation revenue Health System Costs | 45 Lo 48 250
due to reduced workforce participation and higher
. Total 100 426 100 5233
government expenditures.
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ROI and the UK is described in the productivity section
below.

According to cost-of-illness reports of IRDs in the ROI
and the UK, wellbeing costs comprised the largest share of
total costs (Table 4), this cost is summarised in Table 5. In
2019, persons living with an IRD in the ROI were esti-
mated to experience a total of 234 (DALYs), and in the
UK 3192 DALYs.

In a survey of adults living with an IRD (Table 6), and
the parents/guardians of children under 18 living with an
IRD (Table 7), participants in both the ROI and the UK
indicated high levels of negative mental wellbeing

: 8
1mpacts.7’

Table 5 Cost of Wellbeing Associated with IRDs in the ROI and
the UK

Region ROI UK
Per Person Cost £9,023 £9,421
Total Cost £13.8 Million £196.1 Million

Table 6 IRD Impact on Mental Wellbeing of Persons Living with
an IRD

Region ROI UK

Wellbeing state occurring Percentage Percentage

as a direct result of IRD (%) of (%) of
respondents respondents

Anxiety 85.5 86.8

Depression 63.2 67.9

Social Isolation 44.7 56.6

Financial Stress 434 453

Other (fear, stress, fatigue, 7.9 13.2

hopelessness, loneliness, panic

attacks, suicidal thoughts and

the development of tics)

Table 7 IRD Impact on Mental Wellbeing of Parents/Guardian of
Children Under 18 Living with an IRD

The percentage of negative mental wellbeing states on
persons living with an IRD in the ROI and the UK follow
similar trends; Anxiety (85.5%, 86.8%); Depression
(63.2%, 67.9%), Social Isolation (44.7%, 56.6%),
Financial Stress (43.4%, 45.3%) and Other (7.9%,
13.2%); where other reflects on fear, stress, fatigue, hope-
lessness, loneliness, panic attacks, suicidal thoughts and
the development of tics (Table 6).”

For parents and guardians of children under 18 living
with an IRD in both the ROI and the UK negative mental
wellbeing states are also high. In the ROI and UK, respec-
tively, the percentage of respondents reporting Anxiety
were 75% and 78.8%, Depression 50% and 78.8%, and
Other 8.3% and 22.2%; where other reflected stress, lone-
liness and concerns for the safety of their child
(Table 7).”#

In addition, the majority of persons living with an IRD
(73.2%) and the parents of children (under 18) living with
an IRD (75%) were frustrated by the lack of awareness
and support for IRDs.”®

Productivity

Persons living with an IRD may experience a reduced
capacity to effectively participate in the workforce relative
to the general population due to disadvantages in job-
seeking or self-selection out of the labour force.
Additionally, persons living with an IRD may experience
presenteeism. Presenteeism is the average number of hours
per day that an employee loses to reduced performance or
impaired function as a result of their condition. This is
measurable by a reduction in the quality and efficiency of
work produced. This can lead to significant productivity
losses through lost wages and lost productive time asso-
ciated with IRDs.”* Losses associated with reduced work-
ing hours are assigned to both productivity losses, as
described in this section, and deadweight losses as
described below. In relation to IRDs, productivity losses
include reduced participation in the workforce and presen-
teeism, but not absenteeism. Survey responses in both the

Region ROI UK UK and the ROI indicated there were no cases of absen-
Wellbeing State Occurring | Percentage Percentage teeism as a result of an IRD. Therefore, there was no
as a Direct Result of IRD (%) of (%) of productivity cost due to absenteeism assigned to employ-
Respondents | Respondents ers, government, or individuals.”®
Anxiety 75 778 There are differences in the employment status
Depression 50 77.8 between respondents to the IRD surveys in the ROI” and
Other (stress, loneliness and | 83 222 the UK® that are outlined in Table 8. As such, survey
concerns for the safety of their participants were employed at a rate of 45.5% compared
child) to the general population employment rate of 76.1%."
712 submit your manuscript Clinical Ophthalmology 2020:14
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Table 8 Working or Student Status of Survey Respondents in
the ROI and the UK

Working or Student Status ROI UK
Full-Time 30.5% 4.5%
Part-Time 9.5% 29.5%
Casual Work 5.8% 2.3%
Underemployed 1.9% 15.9%
Not Employed and not looking for work 19.2% -
Retired 23.1% 38.6%
Students 9.6% 9.1%

In 2019, the individual productivity costs of IRDs in the
ROI and the UK were estimated to be £8.1 and
£114.1 million.”® In the ROI and the UK, respectively, 74%
(£5.9 million), and 78% (£89 million) of this was due to
forgone income as a result of reduced workforce
participation.”® In the ROI and the UK, persons with an IRD
were 55.7% and 40.2%, respectively, less likely to be in paid
employment than the general population.

Relative to absenteeism, which was reported by partici-
pants in both regions as zero, presenteeism may occur more
frequently and have a larger effect.”* Indeed, this was found
to be the case in both the ROI and the UK, with an estimated
£2.1 million individual productivity loss in the ROI, and
£25.1 million in the UK due to presenteeism.”® In both
regions, productivity costs were highest for people aged
4549 years, reflecting the high earnings and employment
rates in that age group, and in both regions, IRDs resulted in
a 9.6% reduction in productivity while at work.”*

Persons living with an IRD may require aids and mod-
ifications for daily living, employment and education set-
tings. In the ROI and the UK, the cost of aids and
modifications for daily living including work and/or edu-
cation was £1600 and £2148 per person; with a total cost
£2.4 million in the ROI and £44.7 million in the UK for
2019.7

In the ROI persons living with an IRD and in employ-
ment indicated, 36% use of magnifiers, 20% use of mod-
ifications to phones, 12% use of spoken word processor or
screen reader and 24% indicated they did not use any
additional items to support their work because it was not
available to them.” By comparison in the UK, persons
living with an IRD in employment indicated 38.9% use
magnifiers, 22.2% use modifications to phones and lap-
tops, 16.7% use spoken word processor or screen reader
and 5.6% reported not using additional items to support

their work because it was not available to them.

Formal and Informal Care

IRDs can result in impairment and disability that not only
affects those persons living with the condition but can also
affect their family and friends. Individuals with severe
visual impairment resulting from an IRD can have limited
ability to engage in day-to-day and self-care activities,
requiring others to do these activities in their place via
formal or informal care.

Based on the survey responses reported by the COI
reports in the UK and ROI’* calculations carried out by
the authors indicate in the ROI 78% of those providing
informal care were female, 57% were the spouse of the
individual living with an IRD, 36% were another family
member, and 7% of informal carers were a friend/other.

By comparison in the UK of those providing informal
care 54.8% were female, 55% were the spouse of the
individual living with an IRD, 40% were another family
member and, 5% were a friend/other.”*

To calculate formal care costs, the average number of
hours were multiplied by the hourly cost of formal care in
the ROI and the UK.>*** The informal care costs were
calculated by multiplying the number of informal care
hours by the national average weekly earnings.”®

Formal care can include help from a private nurse or
assistance with activities such as childcare, housekeeping
and shopping — these costs are not subsidised by private
health insurance or the government, but instead are out-of-
pocket expenses borne by the individual or their family. In
the ROI 7.9% and in the UK 3.8% of survey respondents
indicated they received formal care.”® The average weekly
hours of formal care across both regions was 14.1 hrs, at
a cost of £22 per hour in the UK, and £17.61 in the ROL
Overall, formal care costs were estimated to be
£1.5 million in the ROI and £13.1 million in the UK.

A range of informal care activities may be provided to
persons living with an IRD. Informal care activities
depend on the level of visual impairment and can include:
collecting relevant prescriptions and organising and timing
the administration of medication; assistance in daily
domestic activities such as cooking and laundry; ad-hoc
tasks, such as shopping, transport and cleaning activities;
monitoring of the patient’s physical and mental wellbeing.
The average weekly informal care given is 12.9 hrs asso-
ciated with a cost of £13.10 per hour in the UK. In the ROI
the average weekly informal care given is 16.3 hrs asso-
ciated with a cost of £15.05 per hour. Of those surveyed in
the ROI 55.3%, and in the UK 20.8%, indicated they
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received informal care. Informal carer cost in the ROI and
the UK for 2019 is £5.8 million, and £84.5 million,
respectively.”®

Persons living with an IRD who are unable to live at
home may require residential services paid for by them-
selves or provided by voluntary organisations or the HSE
in the ROI or the NHS in the UK. The total expenditure
for long-term residential care due to IRDs in the ROI was
£1.1 million in 2019.7 Of this, £0.6 million was paid for by
individuals, and £0.5 million of this paid for by the gov-
ernment. In the UK, the total expenditure for long-term
residential care in 2019 was £4.6 million.® Of this,
£2.6 million was paid for individuals, and £2.0 million
paid for by the government.

Health System Costs

Compared to the costs associated with wellbeing, the Health
System Costs were relatively very low. The health system
costs were based on the utilisation of services and frequency
data obtained through survey.”® Where possible, national
service utilisation, price references, and costs of pharmaceu-
ticals were based published material. The full detail of the
health system costing approach is included in the IRD cost-of
-illness reports for the ROI and the UK.”* A summary of the
health system costing approach includes primary and second-
ary care, diagnostic tests, pharmaceuticals, vitamins and sup-
plements, and medical research (medical research costs were
not included in the ROI report due to a lack of data).

The total health system costs for the ROI were £1.9 M,
and for the UK £25M. The greatest cost to the health
system in both regions was secondary health care costing
£0.7 M to the ROI and £9M to the UK. The lowest health
system cost was vitamins and supplements, £0.1M to the
ROI and £0.7M to the UK. Table 9 indicates the break-
down of Health System costs to both regions.

Payment for health system costs in the ROI and the UK

is spread across government, out-of-pocket patient
Table 9 Health System Costs by Type in ROI and UK
Health System Type ROI (Million) UK (Million)
Primary Health Care £0.6 £3.4
Secondary Health Care £0.7 £9.0
Diagnostic Tests £0.3 £4.2
Pharmaceuticals £0.2 £4.6
Vitamins and Supplements £0.1 £0.7
Medical Research - £3.1
Total £1.9 £25.0

payments and funding from other parties such as private
health insurers.

Deadweight Losses

The deadweight loss due to lost taxation revenue (given an
assumption of no change in spending) or additional expendi-
ture on government programs (eg health or welfare) can be
estimated by applying the marginal burden of taxation to the
total of lost taxation and government expenditures. Lower
employment participation and lower output (eg due to absen-
teeism or presenteeism) reduce the possible taxation revenue
government can collect. Deadweight loss costs described
below are independent of any other cost described in this
review and do not form part of costs associated with any
other cost type.

Deadweight losses summed to £7.1 million and
£28.7 million, covering lost individual taxes, lost company
taxes, welfare payments, due to reduced participation in
the workforce and productive working hours; government
programs and lost carer taxes,”* deadweight losses due to
IRDs summed to £4629 per person, reflecting a total of
£7.1 million in the ROI in 2019; resulting in a total reduc-
tion in taxation revenue was estimation of £3.5 million in
2019.” Deadweight losses due to IRDs summed £1379 per
person reflecting a total of £28.7 million in the UK in
2019; resulting in a total reduction in taxation revenue
was the estimation of £45.4 million in 2019.

Who are the Payers?

As it currently stands, persons living with an IRD and parents
of children living with an IRD incur significant economic
costs. In addition to the costs incurred by these persons, their
families, friends, government, employers and society/other
all incur significant economic costs due to IRDs.

The methodology of the COI reports for the ROI and the
UK takes a societal perspective, which considers all costs
and effects that flow from the IRDs, regardless of who
experiences these. In terms of attributing costs to payers
(as shown in Figure 1), society/other represents all the
remaining costs that are not directly attributable to the gov-
ernment (eg welfare payments), families (eg carer costs) or
individuals (eg medical expenses). This could include health
insurers and society more broadly in terms of productivity
and efficiency losses for the economy as a whole.

The method for attributing costs between society/other,
government, family members and the individual were
based on the OECD (2017) who published an estimated
share of health system costs borne by the government,
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Figure 1 (A) Payers in the Republic of Ireland. (B) Payers in the United Kingdom.

compulsory health insurance, out-of-pocket, voluntary
health insurance and other.”®

Figure 1 illustrates the percentage of cost by payer in
the ROI (Figure 1A) on the left pie chart and in the UK on
the right pie chart (Figure 1B). In the ROI individuals
living with IRDs incur the largest share of total costs at
51%, followed by society/other (17%), family/friends
(16%), government (12%) and employers (4%). In the
UK, individuals bear the largest share of total costs at
36%, followed by government (28%), family and friends
(21%), society/others (9%), and employers (6%).

Discussion
This review highlights that IRDs impose significant eco-
nomic and wellbeing costs on the ROI and UK population
in 2019 — which may well yet be an under-estimation. As it
currently stands, persons living with an IRD incur significant
economic costs and reductions in their quality of life. Using
base prevalence rates, total costs attributable to IRDs in the
ROI were estimated to be £42.6 million in 2019, comprising
both economic (£28.8 million) and wellbeing costs
(£13.8 million). Total costs attributable to IRDs in the UK
were estimated to be £523.3 million in 2019, comprising
both economic costs (£327.2 million) and wellbeing costs
(£196.1 million). Thereby a total cost of £42.6 million for
ROI and £523.3 million for the UK. The discussion below
summarises the key messages relating to the three main
issues common to IRD patient relating to accurate timely
diagnosis, access to employment and the need for a revision
to current methods of reimbursement assessment.

There is a need for specialised IRD testing. Due to the
variety and rarity of IRDs, diagnosis can be elusive. It is
often important to define the phenotype to establish the

type of genetic testing needed (although the increasing
availability of whole genome sequencing (genetic screen-
ing of the entire genome rather than specific genes in
a selected panel) may reduce the need to accurately char-
acterise a condition prior to initiating genetic screening);
specialised diagnostic equipment such as electro-
retinography (ERG) and perimetry are integral to this.’
As highlighted in the IRD COI reports for ROI and UK,
73.2% of persons living with an IRD, and the parents of
children (under 18) living with an IRD (75%), were fru-
strated by the lack of awareness and support for IRDs.”*
Thus, it is important to create a greater awareness of IRDs
in the ophthalmic community (optometrists, orthoptists,
ophthalmologists, nurses, allied healthcare professionals)
to know what to do for IRD patients — in the first instance
reaching out to specialist ophthalmologists (often retinal
specialists) who can pick the right tests, interpret the
results, answer patient questions, initiate genetic testing,
and direct patients and families to further support and
Liaising with the ERN-EYE (European

Reference Network for Rare Eye Disease) is also to be

information.’

encouraged and provides a good example of a network of
specialists working together on rare eye diseases such as
IRDs.

It is well understood that IRDs are complex conditions,
but they are also actionable conditions and for patients to
take action, so too must those who develop health policy at
the national and regional levels. In this era of innovation
and possibility, decision makers must understand that
access to genetic testing for IRDs is essential in addressing
an unmet need. For individuals and families who have
been diagnosed with an IRD, a genetic test is
a prerequisite in order to make critical life decisions, to
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access the correct care plan, and appropriate clinical trials,
as well as emerging therapies.

Patient organisations and clinicians know that access to
genetic testing, the delivery of test results, and indeed the
type of genetic test patients receive varies enormously.
Many patients access to research grade genetic testing
and are not aware that there is no obligation on the
researcher to provide the results to patients. A number of
national genetic testing programmes are funded by chari-
table organisations and so are unsustainable long term as
they rely on donations from the general public. In some
countries, testing is available through health insurance, but
only if a treatment is available for that condition.

Improvements in the quality and quantity of genetic
testing would also benefit the formation of patient regis-
tries, natural history studies, assessments of care pathways,
and the development of, and enrolment to, clinical trials."®
A component required for the success of clinical trials is
the adequate measurement of therapeutic impact.
A scoping review comprehensively assessing current prac-
tice in terms of the outcome measures in clinical trials,
highlights that gaps in the assessment of therapy for
a variety of ophthalmic diseases exist.”> There is increas-
ing acceptance that the patient voice must be heard and
that patients are key decision makers in their care, with
patients usually placing greater emphasis on the non-
clinical aspects of treatment; referred to as the “lived

experience”.**

Patient-reported outcome measures are
key parameters that need to be factored in from the begin-
ning. The authors advocate for patient consultation on the
design of outcome measures reflective of the lived experi-
ence with the disease. Development and use of patient-
reported outcome measures would support the use of new
therapies. Defining success based on clinical and patient
factors, such as improvement required for greater quality
of life, will make a stronger case for the successful adop-
tion of therapies.>**’

Genetic Counselling is an essential to a patient to
appropriately interpret genetic test results. A thorough
family history can help to better direct genetic testing.
Genetic counselling has huge value pre- and post-genetic
testing, including in managing expectations particularly in
that not every test will find a genetic cause, and that not
every genetic cause will have a therapy in the pipeline.’

Productivity costs were the largest economic costs
associated with IRD, reflecting £8.1 million in the ROI
and £114.1 million in the UK. In the ROI and the UK,
respectively, 74% (£5.9 million), and 78% (£89 million) of

this was due to forgone income as a result of reduced
workforce participation.”® The reasons behind this need
to be investigated.

Employment levels are lower for those affected with
IRDs. In the ROI and the UK, persons with an IRD were
55.7% and 40.2%, respectively, less likely to be in paid
employment than the general population. Lack of employ-
ment is a major risk factor for depression and anxiety,
making equitable access to employment even more impor-
tant to be advocated for. Importantly, recent research has
shown the significant mental health benefits of just 8 hrs
paid employment per week.>® Therefore, employment
opportunities should be made accessible for those who
wish to work, as it may improve levels of negative mental
health.

Alarmingly, in the ROI, 24% of persons living with an
IRD and in employment indicated they did not use any
additional items to support their work because it was not
available to them.” By comparison, in the UK, 5.6% of
persons living with an IRD in employment report not
using additional items to support their work because it
was not available to them.

Compared to other conditions which have much lar-
ger awareness and investment, such as stroke and cancer,
IRDs bear a similar cost burden, yet do not receive the
same investment. For example, in Ireland, following
a survey of patients and carers in 2019 the mean cost
of cancer per person per month was estimated at £650
equating to £7802 per year,’’ which works out much
lower than the cost per person with an IRD for the
same year, £27,988.7 Looking at more similar expendi-
ture, in the UK, recent data on the mean health and
social care costs for stroke patients per person per year
were £22,429,%® whereas the health and social costs per
person with an IRD in 2019 were £25,140.8 However,
the total cost of health and social care per year for stroke
patients in the same study was £3.6 billion, this was due
to the number of stroke cases for the corresponding year
(84,184).>® A report by Stroke.org.uk indicated an
increase in stroke research spending from £23 million
in 2007/2008 to £55 million in 2012, this is much less
than the £3.1million investment in medical research for
IRDs in the UK in 2019.°

Even though IRDs are life-long debilitating conditions,
the measure of their burden both financial and non-
financial to date has been over-looked and under-
calculated. In part, this is due to the lack of fatality
associated with these conditions and also due to their
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rarity. Great improvements could be made to the lives of
individuals living with IRDs with additional research and
investment into causative genes and therapies to circum-
vent or delay sight loss, and/or medical technologies to
enhance living with sight loss.

Different costs of disease are borne by different indi-
viduals or sectors of society. Understanding how costs are
shared helps to make informed decisions regarding inter-
ventions. While persons living with an IRD are most
severely affected by the condition, family members and
other parts of society also face costs attributable to IRDs.
Of the total IRD cost in the ROI for 2019, 86% of this cost
is borne by the individuals affected, their families, friends
and society. Similarly, in the UK, 66% of this cost is borne
by the individuals affected, their families, friends and
society. With regard to society’s willingness to pay for
reimbursement, it is clear patients and the public already
pay the greatest cost of these conditions.

Equally important is that the current methods for thera-
peutic reimbursement do not adequately incorporate the
impact and cost burden to the IRD patient, their families or
to society. The burden of disease is borne largely by the
individuals affected and the families and friends (Figure 1).
This will also need to change to allow the full promise of
genetic, pharmacological, technological and regenerative
medicine to be realised and transform the lives of millions
of patients and families worldwide.

A report from the European Commission indicated
wellbeing should take a central place in economic deci-
sion-making.?” The European Commission concluded
a reprioritisation of investment should take into account
a more holistic approach to identifying and minimizing
decrements in well-being that affect economic growth,
including assessment of policies across governmental sec-
tors which contribute to the inequalities in well-being
outcomes.>’ This report also highlights these very points
for the IRD community. Approximately one third of costs
associated with IRDs were attributable to wellbeing in
both regions; in the ROI 32.3% (£13.8 million), and
37.5% (£196.1 million) in the UK.

Wellbeing is negatively impacted for those affected
with IRDs, their families and their carers. Like other rare
diseases, IRDs prove challenging through each stage of the
disease and care pathway, this includes challenges obtain-
ing a diagnosis, challenges with day-to-day tasks, and
access to care. A report on rare diseases in Europe indi-
cated a large percentage of patients and carers reported
difficulty completing daily tasks (80%).%® Regarding care,

60% of patients and carers found it difficult to manage
care, and 70% found it time-consuming.”® It was also
reported that health, social, and local services communi-
cated poorly with each other by 67% of respondents.”® In
addition to the COI reports for the ROI and UK, IRDs
have been shown to impact on physical functioning, qual-
ity of life, impacts on daily living including social and
emotional functioning, work and education.”* > Research
has been conducted in many countries on some of the
more prevalent individual IRDs, and on the impacts of
individual IRDs.?*? One of the valuable messages from
this review is the clear demonstration of the collective
impact and burden of IRDs, though individually rare the
IRD community faces common issues that must be
addressed. This includes the need for timely equitable
access to genetic testing and counselling, equality in
access to employment, and a revision of the assessment
for reimbursement. Actionable improvements in aware-
ness, diagnosis, and access to genetic testing, genetic
counselling and access to employment, may all help to
minimize the impact of IRDs on well-being.

Conclusion

In conclusion, the lack of awareness of, and investment in,
IRDs have imposed a significant burden to the Irish and
UK economies (£42.6 million, £523.3 million).”® The
largest proportion of this being attributable to wellbeing
(£13.8 million, ROI; £196.1 million, UK), and could be
markedly reduced with investment in:

e Research to identify remaining unknown causative
genes,
e Research to develop therapies (including genetic,
pharmacological, technological, and regenerative
medicine),

e Education of all professionals involved in eye care,
including optometrists and ophthalmologists, in the
identification and management pathways for IRDs,

e Access to genetic testing and genetic counselling,

e Equitable access to education and employment,

e Reassessing and developing policy regarding the
methods of reimbursement for the IRD and vision
community with regards to treatments and care.

Investment in the above areas would improve the

referral pathway and help reduce the frustration of the
IRD community (73.2%) with the lack of awareness of
IRDs, and the negative mental health implications such as
anxiety (85.5%, ROI; 86.8%, UK) and depression
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(63.2%, ROIL; 67.9%, UK).”® In addition, appropriate
measures of reimbursement should be developed for the
IRD community. Current methods of reimbursement are
suitable for conditions for which the population engages
with the health system such as stroke and cardiovascular
disease with direct health care costs representing 50%,
and 60% of total associated costs, respectively.*’*!
However, the IRD population do not heavily rely on the
health care system with costs reflecting only 4.5% of
costs associated with IRDs in the ROI and 4.8% of total
costs in the UK.”® Tt is therefore clear that although
individually rare, IRD patients and their families have
three major issues in common; the need for timely equi-
table access to genetic testing and counselling, equality in
accessing employment, and, a revision of the assessment
process for reimbursement of therapies which currently
focuses on the cost-of-illness to the healthcare system.
This review demonstrates clearly that IRD patients do not
frequently engage the healthcare system and as such
suggests that a cost of illness from a societal perspective
as outlined in this review may potentially be a better
format.
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