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Background: Advances in gene and molecular therapeutic approaches to treat sensorineural hearing
loss (SNHL) confront us with future challenges of translating these animal studies into clinical trials.
Although restoring hearing up to a certain level has become mainstream because of cochlear
implantation, little is known on patient attitudes towards preventing, stabilizing or slowing down

progression of SNHL by means of future innovative therapies.

Objective: We aimed to better understand the willingness of patients with progressive SNHL and
vestibular function loss of autosomal dominant (AD) inheritance to participate in potential gene

therapy trials to prevent, stabilize or slow down hearing loss.

Methods: A survey was performed in carriers of the P51S and G88E pathogenic variant in the COCH
gene (DFNA9). Various hypothetical scenarios were presented while using a Likert scale to study

willingness to participate in potential innovative therapies.

Results: A total of 53 participants were included, incl. 49 symptomatic patients, 1 pre-symptomatic
pathogenic variant carrier and 3 participants at risk (hearing loss and positive family history, but no
genetic confirmation). Their attitude towards potential trials studying innovative therapies was overall
affirmative, even if the treatment would only halt or slow down the decline of hearing and vestibular
function, rather than cure the disease. Among the different potential scenarios, the less invasive
treatments and those yielding less frequent therapeutic contacts/handlings increased the likelihood
to enroll. Daily oral medication and annual intravenous infusion were awarded the highest scores. The
more invasive scenario of a single injection in the ear was still likely to be accepted but the willingness
to participate decreased if multiple injections would be necessary or the intervention would yield a

high risk. The presence of a placebo arm was met with the lowest scores of willingness to participate.

Conclusions: Overall, most symptomatic DFNA9 patients would likely consider participation in future
innovative inner ear therapy trials, even if it would only slow down the decline of hearing and vestibular

function. However, they were less unequivocal on high-risk treatments or a placebo-controlled study



design. These data can be used to inform the recruitment and consent process into future innovative

treatments to treat autosomal dominant nonsyndromic SNHL.



Introduction

Hearing loss has a significant impact on quality of life and society in general. Hearing impairment is the
most frequent sensory deficit, affecting 360 million people worldwide. [1] For this reason, it has been
listed by the World Health Organization as priority diseases for research into therapeutic interventions
to address public health needs. [2, 3] Hearing aids may be used in moderate to severe sensorineural
hearing loss (SNHL) [4], while cochlear implantation (Cl) can rehabilitate hearing in severe-to-profound

SNHL. [5-7]

Nonsyndromic hearing impairment is a partial or total impairment of hearing not associated with other
signs and symptoms. Between 75 and 80 percent of cases are inherited through an autosomal
recessive (AR) pattern, while another 20 to 25 percent of nonsyndromic hearing impairment have
an autosomal dominant (AD) pattern of inheritance, which means one copy of the altered gene in each
cell is sufficient to cause the condition. Consequently, the inheritance rate is 50%. Most reported

disorders with postlingual nonsyndromic SNHL demonstrate AD inheritance.

DFNAS9 is an AD inherited disorder, caused by heterozygous gain-of-function mutations or pathogenic
variants in the COCH gene. To date, 27 different variants have been identified worldwide, and four of
these were described in families from Belgium or the Netherlands. [8] The phenotype is characterized
by a progressive SNHL, starting from the 3™-4t™ decade, followed by a rapid decline to severe-to-
profound SNHL by the 6"-7" decade. [9-11] Progressive vestibular dysfunction eventually evolves
towards bilateral vestibular function loss (bilateral vestibulopathy, BVP), which mainly causes
oscillopsia and imbalance while walking (especially in the dark} [12-17] The suggested
pathophysiology of COCH variants is transcription of a mutated isoform of the cochlin protein, the
most abundant protein in the inner ear. [18] This pathogenic variant leads to multimeric aggregates
that are secreted into the extracellular matrix, while protein deposition or fibrosis can be observed in

the semi-circular canals (SCC) on T2-weighted magnetic resonance imaging. [19, 20]



Currently, no treatment is available to prevent or slow down SNHL or BVP in DFNA9 patients.

Moreover, the treatment of the established condition of BVP is still unmet, in contrast to SNHL.

More than 100 clinical trials that evaluate novel inner ear are ongoing worldwide, while only one of
these trials involves gene therapy. The latter is the first-in-human phase 1/2 clinical trial (supported by
the FDA) to upregulate the atonal gene (ATOH1) in supporting cells of the inner ear and to trigger
transdifferentiation into functional hair cells. [21] For a review on the current state-of-art on gene
therapy for human SNHL, please refer to the following papers. [22, 23] Recently reported rodent
studies have generally been aiming (1) to restore hearing in case of congenital SNHL by recovery
of gene and protein expression, and subsequent restoration of sensory cell function, e.g. in Usher type
1c [24] or Usher type 1g [25]; (2) to prevent, stabilize or slow down SNHL in case of progressive SNHL

in the mature cochlea, e.g. TMC1. [26]

Currently, over 40 genes have been described that are implicated in AD nonsyndromic hearing
impairment. [27] Unique features in many of these AD disorders include: potential carriers are aware
of their family history, including hearing-impaired relatives using HA and Cl, and the impact of SNHL
on quality of life; potential carriers are able to determine their carrier status by means of routine
genetic testing; once carrier status has been achieved, a significant pre-symptomatic interval starts
amounting up to several years; and carriers are aware they will likely develop bilateral severe-to-

profound SNHL and complete loss of vestibular function.

In the perspective of relatively low adoption rates of hearing rehabilitation options, such as HA and Cl
among hearing impaired carriers, despite their advanced impairment, one would be interested to
investigate if this restraint would also exist regarding innovative therapeutic strategies, such as gene

therapy.

The aim of this study is to explore the attitudes of DFNA9 patients towards different therapeutic

interventions in a hypothetical scenario methodology.



Methods

Ethics committee approval. The Committee for Medical Ethics of the Antwerp University Hospital

approved the study (file number: 19/34/387). All participants gave written informed consent.

Study design. We designed a questionnaire-based study to assess the attitudes towards potential gene
therapy clinical trials in possible future study participants and used hypothetical scenario

methodology, as previously reported in genetic research. [28]

Population. Patients were recruited through the Dutch and Belgian DFNA9 patient association “De
Negende Van...” at the annual patient meeting. We included participants aged 18 years or older:
individuals diagnosed with DFNA9 (confirmed by blood sample) in the symptomatic stage; individuals
diagnosed with DFNA9 (confirmed by blood sample) in the pre-symptomatic stage; and individuals at-
risk for DFNA9 (hearing loss and positive family history) with no genetic testing. Demographic data
were collected, such as age, gender and education of the participants as well as data on the onset age

of hearing loss and/or dizziness.

A survey consisting of Likert scale responses and several multiple-choice questions were utilized
including hypothetical scenarios. We generated hypothetical interventions, e.g. daily oral intake of an
active molecule, monthly or yearly injection of an active agent in the inner ear. Different factors that
may affect the decision-making of participation in clinical trials, such as placebo-controlled

methodology, were examined.

The Likert scale of willingness to participate is built up by a series of multiple choice questions limited
to the following possible answers: “very unlikely, unlikely, likely, very likely”, whereas the Likert scale
of importance limits the answers to only 3 possible answers: very important, important, not important”

(figures 2 and 3). Each answer was categorized as indicated in the figures and legends.



Results

A total of 53 participants completed the questionnaire. The majority of patients were symptomatic
COCH gene pathogenic variant carriers (n=49), of which 46 patients had both hearing and vestibular
complaints, whereas only 3 patients had vestibular loss without subjective hearing loss. None had
subjective hearing loss with normal vestibular function. Only 1 participant was a pre-symptomatic
carrier and only 3 participants were at risk with hearing loss and a positive family history. Table 1

summarizes the demographics of the population.

Table 1: Demographic characteristics per subgroup. SD, standard deviation; GED, general educational

diploma.
Total At Risk Presymptomatic Symptomatic
Number 53 3 1 49
N“mbe(f,/sf males | ¢ (34 2 (66,7) 1(100) 15 (30,6)
Mea('; :gfs)i S0 1577596 | 70371 35 57,34 +8,79
Education level
GED 1 0 0 1
High School 18 1 0 17
Higher Education 15 1 1 13
University Bachelor 8 1 0 7
Unversity Master 8 0 0 8
Doctorate 3 0 0 3

All 49 symptomatic patients described dizziness with an average age of symptom onset at 40,53 +
10,83 years old. Hearing loss was reported in 46 patients with a mean age of onset of 44,20 + 5,81

years old, while 3 patients reported no subjective hearing loss.

Different scenarios were presented, as demonstrated in figure 1.
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Figure 1. Hypothetical scenarios in case of progressive hearing loss when treated with an innovative therapy (T):
A, improvement of hearing level, B, stabilizing hearing level; C, slow down progression of hearing loss; D, natural

evolution of progressive hearing loss.

Figure 2 lists the questions about the willingness to participate and the Likert scale for each question.
As shown in Figure 2, a positive attitude was observed towards participation in future clinical trials.
The likelihood of willingness to participate was lowest when there was a high risk associated to any
potential intervention, but the average answer was still relatively positive. In the different potential
clinical trial designs, those treatment strategies with less invasive approaches and consisting of less
frequent treatment contacts (or handling to achieve satisfactory results) increased the likelihood for
enrollment: e.g. “taking a pill daily” and “intravenous infusion yearly” were awarded the highest

scores. The more invasive scenario of a single injection in the ear was still likely to be accepted but the



willingness to participate decreased if monthly injections would be necessary. The presence of a

placebo arm also lowered the likelihood to participate.

Figure 2. Willingness to participate in potential future clinical trials

A. Objectives of a potential innovative treatment

1.
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How likely are you to participate in future gene therapy trials?

... to cure hearing and vestibular loss in DFNA9

... to slow the progressive hearing and vestibular loss

... to stop the progressive hearing and vestibular loss

... knowing there is no immediate benefit to you but will definitely help future generations?
... knowing there is no immediate benefit to you but will possibly help future generations?
... knowing that there is no risk to you but limited improvement of your condition

... knowing that there is a high risk to you but a high improvement of your condition?

B. Administration of a potential innovative treatment

How likely are you to participate in future gene therapy trials if the treatment is

... taking a pill once a day

... an IV infusion in the arm once a month requiring a clinic visit
... an IV infusion in the arm once a year requiring a clinic visit

... an injection in the ear once a month requiring a clinic visit

... an injection in the ear once a year requiring a clinic visit

... a single injection in the ear requiring a clinic visit

... an injection in only one ear

... an injection in both ears simultaneously

C. Study design
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Figure 3 shows the questions about the importance of different factors in the decision-making as used

in the Likert scale for each question. As shown in Figure 3, all the different factors were considered

important between ‘somewhat important’ and ‘very important’. Helping the children and curing

DFNAS9 scored the highest and the risk to the patient scored the lowest.

Figure 3. Factors that influence the decision to participate in potential clinical trials

D. How important are the following factors in your decision to participate in clinical trials?
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Discussion

A survey was performed to test various hypothetical scenarios for willingness to participate in future
clinical trials involving potential innovative therapies. Overall, most patients would likely consider
participation in future innovative inner ear therapy trials, even if it would only slow down the decline

of hearing and vestibular function.

Hearing rehabilitation in patients with SNHL includes acoustic HA to amplify sounds for patients with
mild-to-moderate SNHL and unilateral Cl for cases of severe-to-profound SNHL for whom amplification
does no longer lead to meaningful speech perception. Despite the availability of these treatments,
hearing-impaired patients are often reluctant to adopt. According to the 2017 EuroTrak data, the
hearing loss prevalence in Belgium is 11.5% in adults (11.8% in the Netherlands), while the hearing aid
adoption rate is only 30.6% in adults (41.1% in the Netherlands) [29][30]. Cl is an effective treatment
for severe-to-profound SNHL in adults and children that do not benefit from HA [31][32]. Congenital
bilateral severe-to-profound SNHL is identified at a very young age using neonatal hearing screening
and the cochlear implantation rate in children is high. In contrast, potential adult Cl candidates are
more reserved to adopt this treatment strategy, with less than 10% of those with severe-to-profound
bilateral SNHL receiving a Cl. This low rate is widespread, regardless of geographical location, and is
independent of how health services are organized and country-specific economic output [33]. The low
adoption rates of HA as well as Cl raised the question whether or not COCH gene pathogenic variant
carriers would present identical behaviour to potential gene therapy trials. DFNA9 is a highly relevant
population: the awareness of pre-symptomatic carriers of their medical family history, the impact of
DFNAS9 on hearing and vestibular impairment in daily life as experienced by their next of kin and the

knowledge that they are at risk of carrying the pathogenic variant.

Recently, innovative inner ear therapies, including in vivo gene therapy, have been reported in rodents
as well as in human clinical trials in order to (partially) reverse SNHL. [21] In case of AD progressive

adult-onset SNHL (such as DFNA9), the aims of future innovative inner ear therapies could be to



reverse the symptomatology and to cure the disease, to stabilize or slow down the evolution of
symptoms from an annual deterioration rate of 3 dBHL per year to 1 dBHL per year, comparable to

presbyacusis. [11]

Considering the relatively low rates of HA and Cl adoption in adults, the aim of this study was to study
patients’ attitudes on potential gene therapy trials to prevent the hearing decline towards severe-to-
profound SNHL, as demonstrated in figure 1. These innovative inner ear therapies may have limited
effect on treating the progression of hearing loss by merely slowing down or stabilizing the decline,
meanwhile the recipient may expect curing the SNHL. Similar work has been performed in AD
progressive neurodegenerative diseases such as Huntington’s disease (HD). However, HD has a
significantly higher impact on quality of life than bilateral severe-to-profound SNHL, as demonstrated

by respective mean EQ-5D scores of 0.30-0.56 versus 0.95. [34-37]

Throughout the survey patients reported that they were likely to very likely to participate in any
potential future gene therapy trials to cure their symptoms or stabilize their symptom progression. A
less obvious and yet remarkable finding was that patients were still likely to very likely to participate
in any potential gene therapy trial, even if the therapy would only slow down their symptom
progression (rather than cure or stabilize the symptoms). This information yields important
consequences for willingness to enrolment to future innovative treatment strategies.

The lowest survey scores were observed when patients were asked if they would consider a high-risk
treatment (e.g. small risk of deafness due to the approach, similar as in conventional ear surgery) in
order to reach a high gain, which tells us there is a limit to the risk they are willing to take to cure their
symptoms [38]. Additionally, lower scores were observed when asking patients whether they would
consider entering in a potential gene therapy clinical trial if it includes a placebo arm. The latter finding
will have a significant impact on study design in any future study design on innovative inner ear
therapies and raises potential ethical issues in the design of future clinical studies of this kind. The

outcome of the present study is not necessarily applicable to other AD disorders leading to severe-to-



profound SNHL, let alone age-related SNHL without an identifiable genetic etiology. One cannot
emphasize enough the importance of vestibular impairment in affecting the quality of life to carriers.
This may further motivate carriers to show a higher rate of willingness to participate.

Limitations of this study include the relatively small sample size of symptomatic carriers, which are all
members of a patient association advocating for innovative treatment to cure DFNA9. Another
limitation is the hypothetical scenario methodology being used in a lay population that is unaware of
drug development stages. We tried to overcome this by giving a plenary introductory session preceding
the completion of the survey explaining basic aspects on development stages of innovative inner ear
therapies (first and last author). Moreover, the DFNA9 patients also suffers from BVP which increases
disease burden. Despite the limitations mentioned above, the outcome of the survey was relatively
positive towards potential gene therapy trials to counter SNHL, which will spark further research
expanding into other AD disorders causing adult-onset progressive SNHL and other populations with

different potentially treatable etiologies of SNHL.



Conclusion

Overall, most DFNA9 patients would likely consider participation in future innovative inner ear therapy
trials, even if it would only slow down the decline of hearing and vestibular function. However, they
were less unequivocal on high-risk treatments or on a placebo-controlled study design. These data can
be used for recruitment and consent processes of future innovative treatments to treat autosomal
dominant nonsyndromic SNHL, but raises questions on the attitudes of patients suffering from otologic

disorders other than DFNA9.
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