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This study evaluated patient experiences with genetic testing for inherited retinal diseases (IRDs) and
the association between underlying knowledge, testing outcomes, and the perceived value of the
results. An online survey was distributed to adults with IRDs and parents/guardians of dependents
with IRDs who had had genetic testing. Data included details of genetic testing, pre- and post- test
perceptions, Decision Regret Scale, perceived value of results, and knowledge of gene therapy. Of 135
responses (85% from adults with IRDs), genetic testing was primarily conducted at no charge through
public hospitals (49%) or in a research setting (30%). Key motivations for genetic testing were to
confirm IRD diagnosis and to contribute towards research. Those who had received a genetic diagnosis
(odds ratio: 6.71; p <0.001) and those self-reported to have good knowledge of gene therapy (odds
ratio: 2.69; p=0.018) were more likely to have gained confidence in managing their clinical care. For
over 80% of respondents, knowing the causative gene empowered them to learn more about their IRD
and explore opportunities regarding clinical trials. Key genetic counselling information needs include
resources for family communications, structured information provision, and ongoing genetic support,
particularly in the context of emerging ocular therapies, to enhance consistency in information
uptake.

Inherited retinal diseases (IRDs) caused by variants in single genes are estimated to occur in about 1 in 2000 to
4000 individuals’, and are a major cause of blindness in working-age adults>*. IRDs are clinically and geneti-
cally heterogenous; to date, disease causing variants in over 300 genes have been identified*. Genetic testing can
be used to identify the causative gene. The diagnostic yield of IRD testing using next generation sequencing is
currently around 60%”, but varies between different phenotypes and patterns of inheritance. Following the U.S.
Food and Drug Administration approval of the world first direct-to-human gene replacement therapy for an
IRD, voretigene neparvovec-rzyl, in 2017 (and by the Australian Therapeutic Goods Administration in 2020),
a number of other gene-specific treatments are under development®. Identifying a patient’s causative gene is a
fundamental step for determining their suitability for participating in clinical trials for emerging gene-specific
treatments and receiving approved treatments. Genetic testing for IRDs is a part of ophthalmology practice
standard-of-care”?, but access varies among countries due to differing national policies®!°. A confirmed genotype
also provides information on disease inheritance and risk to other family members'!. Additionally, genetic testing
can also identify people at risk of additional systemic manifestations (syndromic IRD); for example, those with
Usher syndrome that might benefit from hearing testing and hearing interventions.
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Several studies have investigated patient attitudes towards IRD genetic testing and found most patients believe
this should be offered to all affected individuals'>*’. However, few studies have evaluated the influence of genetic
testing outcomes and patient experiences on post-testing behaviour and subsequent health-care decision-making.
A 2022 cross-sectional survey of participants from a Japanese public hospital found that those who received
positive results were more likely to have found benefits from testing than those who received a negative/incon-
clusive result, but both groups found genetic testing to be informative'*. Qualitative studies have also found that,
despite broadly positive views about genetic testing, receiving results is a complex emotional experience' and
the associated psychosocial risks are not well defined®.

The aim of this study was to evaluate participants’ motivations and experiences with IRD genetic testing and
the association between patients’ knowledge and experiences on the perceived value of the genetic test results.

Results

Participant demographics and genetic testing outcomes

Between 1st November 2021 and 21st March 2023, 148 survey responses were received (response rate 65%),
including 124 from adults with IRDs (84%) and 24 from parents/guardians of children/dependents with IRDs
(16%) living in Australia. Only fully complete responses (n=135) were included in the analysis.

Respondents’ demographics are shown in Table 1. The mean age of all respondents was 48 years, and 54%
were female. The more common IRDs were retinitis pigmentosa (56%), macular dystrophies (10%), and cone
dystrophy (6%) in adult participants (Fig. 1). For parents/guardians, the most common IRDs amongst their
dependents were retinitis pigmentosa (46%) and Usher syndrome (19%). Most respondents recalled genetic
testing through public hospitals or research programs, both of which provide testing at no cost to the patient.

Among all respondents, 44% had another family member who also has an IRD, most commonly the affected
individual’s sibling (30% of all respondents), parent (13%), grandparents (10%), or aunt/uncle (10%). Prior
to their most recent genetic test, 77% had never had a genetic test before for any condition. However, 35% of
respondents had other family members that had had genetic testing, primarily for diagnosis of an ocular condi-
tion (70%).

From genetic testing, 73% of respondents reported receiving a positive finding about the gene(s) associated
with their or their child/dependent’s IRD. Of those who did, 62% could still recall their genetic diagnosis, with
no significant differences between those who had genetic testing through public hospitals and research (p=0.05)
or other settings (p=0.59). The remaining respondents either could not remember (23%), preferred not to say
(4%), or only recalled their clinical diagnosis (e.g., X-linked retinitis pigmentosa).

Of the 99 respondents who received a conclusive diagnostic finding, 55% of adults and 45% of parents/guard-
ians felt confident that they have a clear understanding of what their genetic test results mean; 34% of adults and
36% of parents/guardians felt like they understood somewhat, and 11% of adults and 18% of parent/guardians
felt like they had no or little understanding of what the genetic results mean.

The main sources of information for respondents after receiving their genetic testing results were genetic
counsellors/geneticists (53%) and ophthalmologists (42%). Other key sources were the internet (39%) and
research teams (19%; Fig. 2).

Adult with an IRD (n=113) | Parent/guardian of a dependent with an IRD (n=22)
Age, mean +SD 4817 47+8
Gender, n (%) male 57 (50%) 3 (13.6%)
Highest level of education, n (%)
Trade certificate 16 (14.2%) 6 (27.3%)
Bachelor degree 39 (34.5%) 5(22.7%)
Postgraduate degree 26 (23.0%) 7 (31.8%)
Other educational level/prefer not to say 32(28.3%) 4(18.2%)
Genetic testing program, n (%)
Australian public genetics clinic 53 (46.9%) 13 (59.0%)
Australian research program 38 (33.6%) 3 (13.6%)
Australian private clinical geneticist 7 (6.2%) 2(9.1%)
Overseas 6 (5.3%) 4(18.2%)
Other, or do not remember 9 (8.0%) 0 (0%)
Time since genetic testing, n (%)
<6 months 51 (45.1%) 3 (13.6%)
6 months to 2 years 29 (25.7%) 9 (40.9%)
2-5 years 15 (13.3%) 5(22.7%)
Over 5 years 18 (15.9%) 5(22.7%)

Table 1. Participant demographics.
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Figure 1. Self-reported inherited retinal disease (IRD) diagnoses of survey respondents (total n=135). Self-
reported diagnoses of (A) Adults with IRDs (n=113) and (B) Parents/guardians for their dependents with IRDs
(n=22).
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Figure 2. Participants’ primary sources of educational information after receiving genetic test results.
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Pre-test expectations and motivations
Figure 3 shows the degree to which different factors influenced participants’ decision to have genetic testing and
their perception of the potential outcomes prior to getting genetic testing.

For adults with IRDs, key factors that greatly influenced their decisions to have genetic testing were to con-
tribute towards research (69% indicated to a great extent), to define their IRD more accurately (67%), and to
find out if they could be eligible for a treatment/clinical trial (63%). For parents/guardians, the key factors were
to define their child’s IRD more accurately (86%) and to find out about their eligibility for treatments/clinical
trials (82%). In addition, recommendations from a health-care provider (68%) played a bigger role in influencing
parents/guardians’ decision to have genetic testing for their dependents than it did for adults with IRDs (46%).

Most respondents indicated feeling no or very little hesitation about having genetic testing (85%). However,
only 61% of adults and 45% of parents/guardians felt confident that they knew the benefits and risks of genetic
testing beforehand, and 45% of adults and 55% of parents/guardians knew that the test might not obtain a con-
firmed diagnosis for their or their child/dependent’s IRD. Before testing, 72% of respondents had no or very little
concern of unexpected genetic findings that may be related to other health conditions.

Post-test attitudes and perceived value of ocular genetic testing results

Most respondents (94% adults and 82% parents/guardians) had discussed their genetic testing results with
another family member. Of those who did, 83% reported that they were very or somewhat confident about
explaining these results to their family member, while 17% had little or no confidence. Reasons for not discussing
their genetic testing results with family members included not thinking that they would understand or not want-
ing to scare them, and for parents/guardians, not thinking that the results were relevant to other family members.
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Figure 3. Factors that influence participants’ decision to have inherited retinal disease genetic testing and
participants’ pre-test perceptions. (A) Degree in which different factors influenced participants’ decision to have
genetic testing. (B) Level of concern before the genetic test.

The overall mean score for the decision regret scale was 6 (range 0-60) out of 100, with 65% of respondents
scoring 0, indicating that most people had no regret towards genetic testing. There was no significant difference
between mean scores of respondents who did and who did not get a conclusive diagnosis from genetic testing
(5.3 vs 5.8 out of 100; p=0.78) or between affected adults and parents/guardians (5.7 vs 5.7 out of 100; p >0.99).

Figure 4 shows respondents’ perceptions on the perceived value of genetic testing results. The distribution of
responses between adults with IRDs and parents/guardians were similar.

After having genetic testing, 35% of all respondents reported that they still felt uncertain about what the
genetic test results meant for their or their child/dependent’s IRD. For over half the respondents, having genetic
test results did not influence their confidence in managing their or their dependent’s future eye care (54%) nor
did it make them less anxious or nervous about their IRD (63%). However, 73% of respondents agreed that
having genetic test results made them feel good about having information for other family members. For 60%
of respondents, having genetic test results made them more hopeful about future treatments, and almost 80%
agreed that genetic testing results means that they are more likely to consider participating in future clinical trials.

Most respondents (73%) indicated that their genetic counsellor or geneticist played a big role in helping them
understand what their or their child/dependent’s genetic test results mean. However, only 38% recalled having
discussed gene or cell therapies with their geneticist/counsellor when they had their genetic test results disclosed.

Knowledge of ocular gene therapy

Although only 39% of participants self-reported having good knowledge about gene therapy for IRDs, more than
twice as many (83%) would consider participating in a gene therapy clinical trial or treatment if it was available
to them or their child/dependent right now.
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Figure 4. Adults with inherited retinal diseases and parents’/guardians’ level of agreement with perceived value
of genetic testing statements after receiving test outcomes.
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Regarding knowledge of gene therapy methods, 66% knew that gene and stem cell therapies are not the same
treatment, but only 37% correctly indicated that gene therapy for the eye is not suitable for all stage of disease
(Supplemental Fig. S1). For awareness of treatment outcomes, 70% knew that having gene therapy does not mean
that a person will not pass their IRD to any children they may have in the future; however, only 48% knew that
the main goal of gene therapy is to slow down the disease, and 40% knew that treatment complications, such as
permanent blindness, are possible with an approved gene therapy treatment.

Association between genetic testing outcomes and behaviour

Univariate and multivariate logistic regression were used to evaluate whether participant characteristics, knowl-
edge, and genetic testing outcomes influenced participants’ perception of their care (Supplemental Table S1).
None of the demographic variables were related to whether genetic testing results made participants more con-
fident regarding their eye care management. However, those who had received a positive/conclusive diagnostic
result from their genetic test were more likely to gain confidence in managing their/their dependent’s eye care
after having genetic testing (OR: 6.71 [95% CI 2.45-21.9]). Participants who self-reported to have good knowl-
edge of gene therapy were about three times as likely (OR: 2.69 [95% CI 1.19-6.20]) to feel more confident in
managing their/their dependent’s eye care following genetic testing.

Discussion

This study demonstrates the important value of IRD genetic testing for affected families, regardless of whether
the results directly affect their current clinical care or management. Most adults with IRDs and parents/guardians
felt no regret about their decision to have genetic testing. Furthermore, knowing the genetic cause of their IRDs
empowers patients to know about their condition and increased their desire to participate in future research
and clinical trials.

In the present study, the leading motivating factors for undergoing genetic testing were to contribute towards
research and to have an IRD defined more accurately, followed by the desire to determine eligibility for a treat-
ment/clinical trial. These findings differ from previous studies where qualification or information for clinical
trials were the leading motivating factor for IRD genetic testing'*'*. The difference might be because we recruited
from both public hospital and research clinic settings. The findings support previous studies in highlighting the
importance of knowledge and decision control in empowering patients to learn about the cause of their IRD".

Most participants viewed the benefits of diagnostic genetic testing to outweigh its potential risks, showing gen-
erally positive decisional balance, consistent with findings from qualitative studies'>!® and in other rare diseases
in the UK 100,000 genome project'®. However, only about 40% of respondents found having genetic testing results
provided a sense of relief from uncertainty or gave them more confidence in managing their future eye care.
Participants who received a positive diagnostic finding, and those with good self-reported knowledge of gene
therapy, were more likely to gain confidence in managing their future eye care after receiving genetic test results.
These findings support the notion, as it has been reported in other rare diseases, that the sense of empowerment
associated with genetic testing can be enhanced by improved health literacy and shared decision-making'®-2°.

Most respondents (88%) had discussed their genetic testing results with another family member, and most
(84%) knew whether someone else in the family had also had genetic testing. This supports findings from a
previous study in Japan that also found people with IRDs generally share their genetic results with other family
members'*. Understanding family history is important for informing patterns of IRD inheritance and aids in
identifying the genetic diagnosis®!. Conversely, knowing the causative gene in an affected individual can guide
the testing of other family members to identify those at risk of inheriting the condition or carrier status®'’. While
the majority of participants felt comfortable discussing genetic results with family members, possibly indicating
a growing educational trend, 1 in 6 of respondents reported a lack of confidence in engaging in these discussions,
highlighting a need for additional support in this domain. Likewise, qualitative studies have found that patients
with IRDs reported generally good experiences with informing relatives about IRD-related test results?, but
wanted more resources on how to share the information?®.

Communication of genetic test results to other family members can be challenging and complicate family
dynamics®’. A previous study of public hospital patients in Japan found no difference in the desire to share
between those who did and did not receive a positive result in sharing results with their family'*. In hereditary
cancer, patient opinions on intra-familial disclosure of their genetic testing results were divided. Family com-
munication was found to be influenced by not only the nature of the relationship, but also by patients’ under-
standing of the importance and perceived relevance of this information to other family members, as well as their
anticipated reactions**?. Targeted post-test genetic counselling information regarding relevance to other family
members is likely valuable to patients with IRDs*.

Regarding genetic counselling information uptake, at least 1 in 5 participants did not recall knowing before
their genetic test that that they might not receive a confirmed diagnosis, and a third of respondents still felt
uncertain about what the genetic test results meant for their or their child/dependent’s IRD. Similarly, only 1
in 3 respondents recalled discussing gene or cell therapies when they had their genetic test results disclosed,
indicating a need for better counselling regarding possible therapies. As such, development of guidelines and
resources to support IRD genetic counselling could encourage consistency and coherence in this process. Provid-
ing written information, such as leaflets and online sources, and resources that accommodate for accessibility
needs, such as low vision, hearing impairments, and intellectual disabilities, could enhance the uptake of genetic
counselling information.

Genetic testing entails not only ordering the test and interpreting the results in the context of clinical findings,
but also comprehensive patient counselling®!!, including pre-test counselling to help patients establish realistic
expectations and prepare for the implications of the results'>'®. Furthermore, receiving a genetic diagnosis does
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not mitigate emotions like uncertainty and anxiety. The Clinical Genome Resource has developed general guid-
ance to aid clinicians in discussing genetic testing consent with patients and disclosing the results?’. Pre-test
counselling should include why a genetic test is being offered, the scope and goal of genetic testing, possible
outcomes, secondary and incidental findings, what the test can and cannot determine, a brief overview of how
results may affect management, and logistics including insurance issues®. Additional considerations that are
specific to IRDs include the likelihood of a positive diagnostic result (currently around 60% with next generation
sequencing panels)®, association with syndromic findings, and implications for emerging gene and cell therapy
treatments®?.

Within the last five years, genetic testing for IRDs has become more accessible within mainstream medicine
and through research programs!®*-*, and gene and cell therapies have been developed®. With improved access to
diagnostic genetic testing, it is important to evaluate and enhance the genomics literacy of eye care professionals
to manage expectations and meet their information needs®. Diversity in genetic counselling experiences may
be more apparent in regions with inequitable access to genetic counsellors and genetic services”’. Our findings
emphasise the important role played by genetic counsellors, geneticists, and other professionals with genetic
expertise in helping patients understand their genetic testing results. Establishing systems for effective com-
munications and results-sharing between genetic providers (e.g., genetic counsellors, geneticists) and eye care
providers (e.g., ophthalmologists, optometrists) is crucial to keep all care providers informed about the patient’s
clinical care plan. Increased support for multi-disciplinary frameworks will enhance the clinical value of the
genetic testing and improve the integrated care of IRDs.

This study captured perspectives from individuals who underwent genetic testing across various settings,
reflecting a broad range of experiences. Both the public hospital and research program we recruited from offered
pre- and post-test genetic counselling; however, the depth of discussion may have led to variations in partici-
pants’ initial understanding levels. Most responses were from people who had genetic testing through no cost
programs. Many participants had their testing through industry-sponsored genetic testing programs, specifically
aimed at diagnosing rod-cone dystrophies. This has influenced the representation of IRDs in our study cohort,
leading to a smaller proportion of macular dystrophies than we would otherwise expect. We did not investigate
monetary values associated with those who may have paid for testing. Genetic testing through private providers
is less common in Australia®?%; those who have paid for testing may have different counselling experiences and
perceived value of results, particularly of negative findings. The impact of payment on patient experiences with
genetic testing is a potential area for future research.

Genetic testing results were self-reported, and we were unable to validate how many correctly reported their
gene to assess the accuracy of their knowledge and the understanding of their results. Many of our respondents
were highly educated, with 27% having a postgraduate degree. The self-enrolment method of recruitment meant
that findings are potentially biased towards people interested in research, who might be more inclined to acquire
information. We did not consider the perspectives of individuals who had decided not to have genetic testing.
Considerations for future work include investigating the perceptions of these patients and how this impacts
their health behaviour, to assist in the development of a comprehensive framework on the provision of genetic
testing and counselling for IRDs.

30,31

Conclusions

Genetic testing can empower patients to learn about the cause of their IRDs and their eligibility for upcoming
clinical trials and approved treatments. This is particularly important in the current era of personalised genomic
health and the emergence of IRD gene and cell therapies.

Our study has shown that both the outcome (positive/negative results) and an individual’s self-reported
genomic literacy can influence how they respond to their genetic testing results. These factors should be consid-
ered when counselling patients on their IRD genetic test results.

Resources to facilitate family communication and encourage consistency and coherence in IRD genetic
counselling could improve information uptake for patients. The time of genetic testing is often very emotion-
ally charged; hence, structured information provision can help patients to absorb and retain the most relevant
information to them. These resources would also empower patients to take a stronger role in their healthcare,
enabling a shared decision-making process between patients and their clinicians.

Finally, an important finding of this study was that there was very little regret from the participants from
having engaged in genetic testing, no matter what their clinical outcome was. This brings assurance to clinicians
advocating for these tests, especially admist the ongoing emphasis on identifying the genetic cause of all IRDs
to ensure readiness for emerging therapies.

Methods

The project was approved by the University of Melbourne Human Research Ethics Committee (Reference: 2021-
22502-23169-4) and was performed in accordance with the principles of the Declarations of Helsinki. All par-
ticipants provided informed consent to participate. Eligible participants were either adults who had undergone
IRD genetic testing or parents/guardians of children/dependents who had had IRD genetic testing, who are living
in Australia. To participate, participants must have had their genetic testing results already disclosed to them.

Survey design and assessment

An anonymous, online, self-administered survey was prepared based on patient-reported experiences from
published studies'®*® and in consultation with a multidisciplinary ocular genetics team (ophthalmologists,
IRD researchers, academic optometrists, genetic counsellors, and a clinical geneticist). The draft survey was
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individually assessed by five adults, or parent/guardians of dependents, with IRDs, who provided feedback on
the clarity of the questions, flow, and accessibility.
This survey comprised six sections:

Demographics and details of the genetic testing (self-reported)
Pre-test expectations and motivations to have genetic testing
Outcomes of genetic testing and level of understanding of results
Regret towards having genetic testing

Perceived value of ocular genetic testing results

Knowledge of ocular gene therapy

R L

Regret towards genetic testing was assessed using the validated Decision Regret Scale, which has been shown
to correlate with satisfaction in health-care decisions and quality of life**. The Decision Regret Scale was used
to measure the level of distress or remorse surrounding the decision to undertake genetic testing. Scores were
quantified to a 0-100 scale according to validated protocols, where a score of 0 means no regret, and a score of
100 means high regret.

For assessing knowledge of ocular gene therapy, participants were first asked to grade their own knowledge
on this topic (perceived knowledge), then their knowledge was assessed using questions adapted from the Atti-
tudes to Gene Therapy-Eye (AGE-Eye) Tool****!. Five questions were selected to assess knowledge of gene
therapy. Item responses were collapsed to a three-point scale (agree, disagree, neither agree nor disagree) to
assess knowledge.

Data collection

An invitation to participate in the anonymous survey was sent to Australia-based participants in the Victorian
Evolution of IRDs Natural History Registry'® who had had genetic testing and who had consented to being
contacted about future research, as well as patients who had had genetic testing and results disclosed with the
Royal Victorian Eye and Ear Hospital Ocular Genetics Clinic during the study period. Both avenues included
pre- and post-test genetic counselling. A total of 226 invitations to participate were sent between 1 November
2021 and 21st March 2023. The study was also advertised through national patient-support group newsletters
(Retina Australia, Vision Australia).

Data analysis

Sample size was estimated using an IRD population prevalence of 1 in 2000*?, and a genetic testing prevalence
0f 10% in Australia®. Based on 95% confidence level and 5% margin of error, the estimated sample size was 135
participants.

Statistical analysis was performed using R for statistical consulting (v4.1.2; R Core Team 2021).

Only fully complete responses were included in the analysis.

Descriptive methods were used to summarise the frequency and percentages of responses for categorical
measures. Normality testing was performed using Shapiro Wilks test and, based on the data distribution, con-
tinuous variables were summarised as median (SD) for normally-distributed variables or median (IQR) for
skewed variables.

For continuous variables, responses were compared between respondent types (adults with IRD vs parent/
caregiver) and genetic testing outcomes (positive/negative diagnosis from genetic test) using a two-sample t-test
for normally distributed variables and Wilcoxon rank-sum test for skewed variables. Fisher’s exact test was used
to compare data relating to the proportions of respondents across different groups.

Univariate and multivariate binocular logistic regression analyses were performed to assess factors related
to whether having genetic testing results made participants more confident towards managing their eye care.
Predictors included: respondent type, age, gender, education, family history, genetic testing program, time since
genetic test, genetic testing history, level of hesitation about genetic testing, awareness of outcomes, outcome of
diagnosis, whether gene therapy was discussed during genetic counselling, willingness to participate in a clinical
trial, perceived and actual knowledge of gene therapy, and regret towards genetic testing. Variables significantly
associated with the outcome were included in the multivariable model. A p-value of <0.05 was considered sta-
tistically significant.

Data availability
Non-identifiable data supporting the findings of this study are available from the corresponding author (ACBJ)
upon reasonable request for ethically approved projects.
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