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ABSTRACT

Background: Inherited retinal dystrophies (IRDs) are a group of genetically
diverse disorders that are manifested by progressive degeneration of photoreceptors
and consequently, vision loss and in many cases irreversible blindness. Up until
now, there have been relatively few treatment options available for IRDs, and they
have thus remained a substantial burden for both patients and the medical
community.

Purpose: This narrative review endeavours to offer an updated summary of the
state-of-the art and future prospects of gene therapy for IRDs, including recent
advances, active clinical trials, emerging gene delivery systems and also ethical
implications.

Summary of Advances: Gene replacement has become a revolutionary approach
for treating the genetic causes of IRD. voretigene neparvovec-rzyl (Luxturna) being
approved for RPEG65-related retinal dystrophy has already underscored the
potentiality of gene replacement strategies in a clinical context. Several ongoing
clinical trials are deploying, using vectors including adeno-associated virus (AAV)
and lentivirus, directed to genes including RPGR, ABCA4, and CHM. Novel
approaches to drug delivery, such as intravitreal and subretinal injections, have
significantly progressed the field. Although the advances have been significant,
challenges still persist, such as vector restriction, host immune response, expense,
and long-term safety.

Future Directions: New strategies like CRISPR-Cas9 gene editing, therapies based
on RNA, optogenetics and combination therapies (e.g. gene + cell therapies) are
being developed that are changing the therapeutic landscape. Personalized treatment
based on early diagnosis and genetic characterization will be the key to achieving
the best therapeutic results and extending access.
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INTRODUCTION

Inherited retinal dystrophies (IRDs) are a
heterogeneous  collection of genetically
inherited progressive diseases which cause
alterations in the structure and function of the
retina, leading to either visual impairment or
blindness (1,2). These diseases are
characterized by the dysfunction or
degeneration of photoreceptor cells or the
retinal pigment epithelium (RPE), essential
for light capture and visual processing (3—0).
IRDs include a heterogeneous group of
disorders such as retinitis pigmentosa (RP),
Leber congenital amaurosis (LCA), Stargardt
disease, and choroideremia, among others
(1,7-10).

Globally, IRDs are a leading cause of
inherited blindness, estimated to affect
around 1 in 3,000-4,000 people in all
populations (11,12). The genetic complexity
of IRDs is remarkable, with more than 270
IRD-causative genes discovered so far (13).
These entities may have autosomal dominant,
autosomal recessive, or X-linked inheritance,
and the range of phenotypes even in those
with the same mutation presents a substantial
diagnostic and therapeutic dilemma (4,7). To
date, there is no cure for the majority of IRDs,
despite having available diagnostic modalities
and palliative treatment (14,15). Current
treatments are predominantly palliative
consisting of symptomatic control, low vision
care, and slowing disease progression
(6,16,17). This treatment gap highlights the
critical requirement for novel, disease-
modifying therapies that can address the
underlying genetic defect (18,19).

Gene therapy has become a revolutionary
intervention in the management of monogenic
retinal disorders (20-22). Gene therapy may
have the power to stop, and in some cases
reverse vision loss by providing functional
copies of a defective gene or editing the faulty
sequence directly within retinal cells (23).
Anatomical and immunological
characteristics of the eye, including its

relatively small size, immune privilege, and
ease of access, render it to be an excellent
target organ for gene-based therapies (24,25).
This  overview aims to  present a
contemporary summary of the state of gene
therapy for IRDs by reviewing key clinical
achievements, the efficacy and shortcoming
of current therapy, and prospective directions.
The review also highlights the eminence of
gene therapy in translation of vision and life
quality for patients.

Pathophysiology and Genetics of Inherited
Retinal Dystrophies (IRDs)

The retina is a layered, complex neural tissue
that lines the back of the eye and is
responsible for transforming light into neural
signals that ultimately are used for visual
processing  (26,27). The photoreceptor
cells (rods and cones) and the retinal pigment
epithelium (RPE) are two important elements

of the retina (12,28,29). Photoreceptors
transduce  light and initiate  visual
signals whereas the RPE  contributes

surviving of the photoreceptor cells through
recycling of visual pigments, absorption of

excessive light, and blood-retina barrier
maintenance (30)(27).
Genetic mutations in inherited retinal

dystrophies (IRDs) interfere with the normal
development, function, or life span of these
cells of the retina (31-34). The consequence
is a gradual destruction of the retina, starting
at the level of either photoreceptors or RPE,
and culminating in a slow vision loss (21,35).
The phenotype of IRDs is highly variable,
based on the underlying mutated gene, mode
of inheritance, and age of onset (33,36).

Common IRDs

Retinitis Pigmentosa (RP) is the most
common IRD, which presents as night
blindness and loss of peripheral vision due to
a gradual loss of rod photoreceptors
(19,26,31,32).  Cone photoreceptors  are
affected later with resulting complete
blindness (14). RP can be inherited in an
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autosomal dominant, autosomal recessive, or
X-linked manner(4). Leber Congenital
Amaurosis (LCA) is a childhood-onset IRD,
typically manifesting early in life with
profound visual impairment or blindness (37—
39). Mutations in genes including RPE65
and CEP290 are frequently involved (40,41).
Patient presentation may include nystagmus,
slow pupillary response, and absent ERG
electroretinogram responses (42,43). Stargardt
disease is the juvenile forms of macular
dystrophy is due mainly to mutations in the
ABCA4 gene (9,19,34,44). It causes gradual
central visual loss as the function of the
macular degenerates with relative sparing of
peripheral vision that can be preserved until
late in the disease (45,46).

Key Mutated Genes and Modes of
Inheritance

There are over 270 genes that are linked with
different IRDs, and each gene contributes to
different cellular pathways that are essential
for retinal function. Some of the best-studied
genes are RPE65, ABCA4, USH2A, CEP290,
CRBI1, and RPGR (9,38,47,48). RPEG6S is
linked with autosomal recessive RP and LCA
(33,38). This gene is encodes the enzyme of
the visual cycle in the RPE (49). ABCA4 is
associated with Stargardt disease, cone-rod
dystrophy and certain forms of RP (9,44). It
encodes a protein associated with transport
that is important in removing toxic retinal
byproducts (34). USH2A is responsible for

Usher syndrome type II and nonsyndromic RP.

It causes retinal degeneration
and sensorineural hearing loss (50). Mutation
of CEP290, CRBI1, and RPGR genes occurs
in severe early-onset retinal dystrophies and
in syndromic forms (13,38,51,52). Common
patterns  of inheritance of IRDs are,
Autosomal dominant where only one mutated
gene is needed (e.g. some RP cases) (53).
Autosomal recessive with two abnormal
alleles are necessary (RPE65 LCA
for example) to cause mutation (54). X-
Linked mutations are on the X chromosome

lead to higher prevalence of disease in males
(such as RPGR-related RP) (48,54). Due to
the genetic and phenotypic heterogenenities
of IRDs, it is hard to diagnosm and treat them
(55-58). Yet, such diversity also represents a
fertile  playground  for  gene-specific
approaches  designed to  correct  the
underlying molecular defects (15,42,54,58).
Principles of Gene Therapy

Gene therapy’s goal is to repair or replace
genes that don’t work so properly or that are
at fault and can cause the onset of a
disease(21,53). Gene therapy has
the potential in the treatment of IRD to arrest
or even reverse the progression of vision loss
by targeting the molecular basis of the disease
(41,59). Given the immune-privileged status
of the eye, its small size, and
compartmentalized structure, gene therapy to
the retina is well suited for targeted
gene therapy applications (13,44,60).
Mechanisms of Gene Therapy

Gene replacement therapy is the oldest
treatment method, most established especially
in autosomal recessive IRDs where a loss-of-
function mutation results with the absence or
dysfunctional protein (50,61-63). A normal
gene copy is introduced with the help of a
viral vector into troubled retinal cells to
enable them make functional protein.
Example: RPE65 gene therapy for LCA
(37,64,65). With gene editing tools such as
CRISPR/Cas9, doctors can now modify a
patient’s own DNA accurately (28,32,56,66).
This method can fix point mutations, replace
lost genetic material or deactivate buttons of
genetic activity that harm our health (41,67).
Compared with gene-replacement therapy,
gene editing seeks to make permanent
correction of the endogenous gene (62). The
gene silencing approach has been used in
autosomal dominant IRDs due to gain-of-
function mutations, or from the production
and deposition of a toxic protein, where gene
silencing by RNA interference (RNAIi)
or antisense oligonucleotides (ASOs) have
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been used (4,26,68). In these methods
the expression of the mutated gene is at least
partially silenced, resulting in reduced toxic
protein accumulation (26).

Vectors Used for Gene Delivery

Efficiency of gene therapy critically depends
on the choice of the vector to deliver the
therapeutic gene into target cells (66,69).
Adeno-Associated Virus (AAVs) are the most
commonly used vectors for retinal gene
therapy because they are safe, cause few
adverse immune responses, and lead to
persistent gene expression (12,41,70,71).
However, these vectors have a relatively low
capacity for packaging (~4.7 kb), limiting
their applicability for larger genes (72).
Lentivirus are lentiviral vectors can
accommodate larger genes (~8 kb) and are
integrate in the host genome providing long-
term expression (34,73). They have been
employed in diseases such as Stargardt
disease, but there is the theoretical concern of
insertional mutagenesis (10). In CRISPR-
based systems because of their size,
CRISPR/Cas9 systems are typically divided
into two AAV packaging vectors (63,74).
Delivery strategies are continuously being
improved, to enhance the editing efficiency
with decreased in off-target impact (22,53,75).
Routes of Administration

Subretinal injection is the approach which
allows delivery of the vector subretinally to
the space between the photoreceptors and
RPE (12,29,58,68). This has the advantage of
precise targeting of affected cells, and has
been the most commonly employed approach
for most clinical trials, including FDA-
approved therapy with voretigene neparvovec
(Luxturna) to treat RPE65-related LCA (75—
77). However, it is surgically invasive, and
complications, such as retinal detachment, can
arise (41,78). Intravitreal injection is the
less invasive approach is an intravitreuse
delivery of the wvector (12,30,64). It is
extensively wused in the clinic of
ophthalmology (e.g., anti-VEGF therapies),

but in the inner and outer retina, the
transduction efficiency is much lower,
particularly in photoreceptors and RPE
(10,58,64). Efforts to modify AAV capsids to
enhance cellular transduction through this
pathway are being pursued (79). The
selection of the therapeutic mechanism, the
vector, and the route of administration, among
other factors, is influenced by target cell type,
gene size, mode of inheritance, and stage of
the disease. Collectively, these principles
constitute the foundation of creating
successful gene therapies for IRDs (34,80).
Current Approved Therapies and Clinical
Trials

Gene therapy for inherited retinal dystrophies
(IRDs) has reached the point that the field has
advanced beyond preclinical study and into
the clinic with notable accomplishments
along the way (34,81,82). The first gene
therapy to treat an inherited eye disorder has
been approved by the FDA (12,31,64,75,83).
Its most recent notable success is the drug
voretigene neparvovec (brand name Luxturna),
which treats a rare form of inherited
blindness (75). Moreover, there are several
clinical trials targeting other IRD genes,
and this is a testament to the potential and
complexity of this promising therapeutic
landscape (64).

Luxturna (Voretigene Neparvovec): First
FDA-Approved Gene Therapy

Luxturna is a milestone in eye gene therapy.
It is FDA and EMA approved for the
treatment of IRDs due to biallelic RPE65
mutation, e.g., Leber Congenital Amaurosis
type 2 (LCA2) and early onset severe retinal
dystrophy (12,64,75). Luxturna uses an
AAV?2 vector to introduce a functioning copy
of the RPE65 gene by subretinal injection
(41,57). Clinical trials showed
significant gains in functional vision, such as
light sensitivity and ability to navigate in dim
light, as well as longer-term preservation of
visual function for a duration of up to four
years (41,65). Most side effects were mild to
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moderate in severity including those reported
by some participants of temporary ocular
inflammation, with few serious adverse events.
The approval of Luxturna has
established proof of principle and durability
of gene therapy in IRDs, and serves as a
regulatory precedent (84,85).

Gene Therapies in the Clinic Trials

Several promising treatments for other
causative genes are currently in clinical trials
in phase I-III (17,37,53). RPGR (X-linked
Retinitis Pigmentosa) is X-linked RP (XLRP),
commonly caused by mutations in RPGR, it is
a severe and early-onset IRD (48). Initial
improvements in visual acuity and retinal
sensitivity have been demonstrated in clinical
trials testing AAVS8-RPGR vectors (e.g.,
NSR-RPGR, now in the hands of Biogen)
(29). Nevertheless, acute inflammation,
alongside dose-limiting toxicity concerns are
under scrutiny (49). ABCA4 (Stargardt
Disease), the large size and overcapacity of
AAV prevent a direct insertion into the
ABCA4 gene, a common mutation of
Stargardt's disease, which makes it a
challenge (9,44). Both lentiviral vectors and
dual AAV approaches are under investigation.
Safety and dose tolerance are under
investigation in phase I studies (e.g.,
SAR422459) (49). CHM (Choroideremia), an
X-linked IRD, is attributed to mutations in
the CHM gene (57). AAV2-REP1 has been
administered subretinally in a number of
trials producing modest improvements to
stabilisation of vision, particularly in early
disease (57). The Nightstar/CHM trial was
among the first to show long-term safety
data, yet results were mixed for functional
efficacy (19,86).

Discussion of Safety, Efficacy and Trial
Outcomes

Majority of clinical trials have reported

positive  safety  profiles and  minimal
inflammatory  response  controlled by
corticosteroids (49,65). Effectiveness

is determined by stage of disease, mutation

type, vector-dose and surgical precision
(34,87,88). In general, younger age of
onset and presence of persistent

photoreceptor layers are associated with better
outcome, supporting an early therapeutic
approach (59,89). Challenges to this include,
immunological responses to viral vectors,
limitation of gene carrying capacity of AAVs,
challenge to reach deep retinal layers using
less invasive approaches, differential long-
term stability of gene expression (60,90).
Limitations and Patient Selection Criteria
Gene therapy works ideally for alive recipient
cells (91). For that reason patients with
advanced retinal degeneration could be
disqualified because of the irreversibility of
cell loss (17,67,92). Commonly applied
selection criteria includes, the
documented biallelic mutation in the disease
gene, OCT with remaining retinal structure,
stable systemic health condition, there was no
ongoing ocular inflammation or infection
(42,49). Cost and accessibility are, however,
major barriers. As example, the high price of
Luxturna (~$850,000 USD per treatment) has
driven questions of ethics and sustainability
into discussions of insurance coverage, equity
and global crimes (42,93).

Challenges and Limitations

Despite an unprecedented success of gene
therapy in inherited retinal dystrophies (IRDs),
technical, biological, and socioeconomic
barriers preclude its widespread application
(25,66). Such constraints have implications
for the effectiveness, safety, scalability and
sustainability of these treatments,
highlighting the ongoing requirement for
innovation and improvement (43,60,66).
Vector-Related Issues

Size limitation is one drawback, the limited
payload capability of the most popular ocular
gene therapy vectors, adeno-associated
viruses (AAVs) (60,94). AAVs have
a packaging capacity of approximately 4.7 kb
of genetic material, and are therefore unable
to accommodate larger genes such as ABCA4

5430



(Stargardt disease), USH2A, or CEP290
(19,72). This requires other approaches like,
dual AAV vectors (splitting the gene between
two vectors), lentiviral vectors which can
accommodate larger cargo but safety issues
are higher, or non-viral delivery, which are
still in experimental phase (34,51,72,74,95).
Despite the fact that the eye is defined as an
immune-privileged site, systemic
administration of viral vectors or repeated
dosing might activate both innate and
adaptive immune reactions (29,43). These
may lead to wunconjugated catalyst and
reduced therapeutic efficacy as a
consequence of neutralizing antibodies,
Inflammation of ocular tissues, and long-term
potential complications in need of cautious
immunosuppressive control (30,49,93).
Delivery Technique Complications

Retinal gene transfer commonly  uses
subretinal or intravitreal injection
(10,12,58,73). Both methods have their own
drawback. Subretinal injection, although it is
accurate, is an invasive and surgically
difficult procedure (30,52). It can include the
dangers of retinal detachment, haemorrhage
or the photoreceptor layer injury (52).
However, intravitreal injection is less
invasive, but vector is difficult to penetrate
through thin inner limiting membrane and
infect photoreceptors is inefficient (12,30). In
addition, targeting to central retina/ macula is
particularly challenging because of the
functional importance of the region and the
desirability to minimize trauma.

Variability in Outcomes

Gene therapy has yielded heterogeneous
results in the context of clinical trials
between patients sharing the same genotype
(7,96). This inconsistency may be due to time
of treatment in the disease course (i.c. the
earlier, the better), variation of vector dose
(application method, and immune status),
modifiers of response (genetic and epigenetic
modifiers ) that affect response, inadequate or
partial  expression of the transgene

(38,45,61,97). 1t is such unpredictability that
has prevented the formulation of standardized
protocols, and the reliable prediction of
therapeutic success.

Cost and Accessibility

One of the major challenges is the expense of
gene therapy (42,98). For example, Luxturna
costs about $850,000 per patient, putting
nonsurgical interventions out of reach (41,99).
Causing challenges for the LMIC health
systems, uninsured patients, and public
healthcare funding arrangements (4,100).
Furthermore, the expense of the production of
vectors, specialized surgical instruments, and

trained  clinical  teams  restrict  the
worldwide application of such therapies
(52,91,99).

Longevity and Monitoring

Although initial gene therapy trial results are
promising, the extent of long-term durability
is unknown (42,65). How durable are the
effects of the therapeutic gene expression in
the body? Will patients need to be re-dosed,
and if so, will immune memory prevent it? Do
vector integration or persistent
transgene expression cause long-term effects?
In  addition, standard  post-treatment
surveillance protocols are not established,
making it difficult to obtain long-term follow-
up and safety data (65,68). Creating patient
registries and international databases is
essential in enabling a long-term assessment
of efficacy, possible side effects, and disease
progress (7).

Future Directions and Innovations
Regulation of gene therapy for inherited
retinal dystrophies (IRDs) is evolving, driven
by technological advancements that seek to
address limitations and expand the clinical
scope of applicability (25). These novel
techniques are intent on broadening treatable
genotypes, enhancing delivery efficiency, and
personalized therapy (25,90,99,101-103).
From gene-editing tools to optogenetics, the
future of retinal gene therapy is brighter than
ever (64,80,83,85).
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Traditional gene supplementation is most
appropriate for recessive loss-of-function
mutations while gene editing or silencing
strategies are required for dominant-negative
mutations as in the case of autosomal
dominant retinitis adRP (4,26,53). The
discovery and development of CRISPR-
Cas systems has transformed this field by
allowing accurate correction of mutations in
disease-causing genes at the level of DNA,
suppression of mutant alleles while leaving
the wild-type intact, and base editing and
prime editing, with increased specificity and
less off-target non-homologous-end-joining
(NHEJ) compared to standard double-strand
breaks (13,15,24,41,101). The first clinical
trials, including EDIT-101 for CEP290
mutations in Leber Congenital Amaurosis 10,
are at the forefront of translating CRISPR
technology to the clinic for retinal disease
(13,41).

For such complicated IRDs with the
destruction of a significant number of the
photoreceptor cells, traditional gene therapy
is in limited benefit. Optogenetics provides a
new alternative through, Incorporating light-
sensitive proteins (for example,
channelrhodopsins) into  residual inner
retinal neurons, such as bipolar or ganglion
cells (22,70,104),The cells are responsive to
light, and manage to restore a crude form of
vision, gene-impartial, helpful for late-stage
blindness no matter underlying mutation
(70,94). Clinical trials are currently underway
(e.g., Bionic Sight3, GenSight Biologics4) to
assess the safety and efficacy of this
approach, and early findings suggest that
visual perception in the previously blind can
be achieved (38,40,43).

Another hopeful avenue is RNA-based
therapies which is modulation at the level of
RNA, with usage of techniques like antisense
oligonucleotides (ASOs) — short sequences of
RNA or DNA that can bind to mutant mRNA
and normalize splicing errors (e.g. QR-110 for
CEP290), and RNA interference (RNAI)

technology — silences mutant transcripts in

dominant diseases (31,50,54,63,78).
mRNA replacement therapies provide a
temporary expression with less

immunogenicity compared to the viral vectors
(64). These therapies are typically non-
integrating, are reversible, and are
potentially safer for repeat dosing. They also
serve as a platform for correcting mutations
in bigger genes that cannot be accommodated
by conventional vectors (60,64,79,105).
Several studies confirmed that combining
gene and cell therapy contributed significant
in the field of regenerative medicine. A
multidisciplinary approach in complicated or
end-stage IRDs may be required to achieve a
clinically  significant  outcome  (60).
Combination treatment methods include,
gene therapy to fix the genetic mutation, and
cell therapy (e.g., Induced Pluripotent Stem
Cells, Retinal = Progenitor  Cells) for
degenerate cell replacement agents (60,68).
For instance, gene-corrected stem cell-derived
RPE or photoreceptors can be
transplanted into the subretinal space for
function  and  structure  replacement.
Technically demanding, these techniques are
designed to restore as well as regenerate the
retina (38,60,64,91).

With the increasing application of next-
generation  sequencing, the era  of
personalized medicine is currently inevitable
in ophthalmology (99,102). Future directions
like vectors and promoters tailored for
optimal expression as a function of a patient's

genotype and disease state, Al-driven
algorithms for prediction of therapeutic
response, patient-specific organoids and

retinal models to screen drugs in vitro at the
bedside, and decentralized genomic databases
and biobanks to facilitate patient selection
and trial recruitment (25,43,102). Such
personalized treatment designs should not
only improve the efficacy of treatments, but
also reduce unproductive risks and financial
costs.
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Ethical and regulatory Considerations
The pace of development of gene therapy for
inherited retinal dystrophies (IRDs) presents

research and clinical challenges and
significant ethical and regulatory
considerations (33,40). Since these
interventions result in permanent genetic

changes, and may be used in children, it is
critical to have adequate ethical review,
patient autonomy, and access (64,89). Also
necessary is the need for regulatory standards
that evolve while seeking the balance among
innovation, safety, and national and
international perspectives (33,40,103).

Because gene therapy is a complex and
sometimes risky process, informed consent
must be strong (91). Patients and their
families should be aware of the mode of
action, therapeutic uses and limit actions

(such as immune responses, insertional
mutagenesis, efficacy) (1006). The
irreversibility of some disruptions,

experimental nature of some of the treatments
or clinical studies should be known by the
patient (31,103). Especially in pediatric
cohorts, where many IRDs already show a
phenotype at an early age, obtaining consent
from legal guardians while respecting assent
of the child (where applicable) can further
complicate the picture (37,64,89,103). Pre-
treatment genetic counseling is also essential
for describing the patterns of inheritance, find
family members who are at risk, and aide in
decision making about treatment eligibility
or reproductive planning (36). Genetic
counselors with the requisite qualifications
should be included in multidisciplinary teams
that are providing these therapies to ensure
consent is  informed, voluntary, and
continuous as treatment occurs (33,37).

Though gene addition is reasonably accepted,
gene  manipulation, especially  through
CRISPR-Cas9, raises new ethical issues like,
germline editing (not currently applicable to
IRDs) — genetic material which could be
passed on to future generations, off-target

activities and the lasting effect of DNA
changes, and the therapeutic benefit-versus-
unintended harm balance (15,24,37,63). There
is a consensus across the world — and
certainly in the statements issued by the
World Health Organization and UNESCO —
that editing the human germline should not be
pursued until we have arrived at a layout of
ethical, legal and scientific parameters (18,37).
For the moment, somatic editing, which is
aimed at non-reproductive cells such as retinal
neurons, is permitted ethically in the context
of strict research guidelines and oversight
(16).

The discovery, validation, and regulatory
submission of gene therapies require
extensive regulation and oversight that differs
by region in the U.S., gene therapies are
regulated by the U.S. Food and Drug
Administration (FDA) Center for Biologics
Evaluation and Research (CBER) (9,83).
Luxturna was the first ocular gene
therapy approved by FDA after preclinical
and clinical testing (64). In Europe, it is the
European Medicines Agency (EMD) which
manages approval the Advanced Therapy
Medicinal Products (ATMPs) (63,64). Japan,
Canada and China have established fast tracks
for gene therapy — but the criteria diverge,
particularly on how trials are designed and
what counts as safety endpoints and
manufacturing standards (107,108).

Cross boarder regulatory harmonization is
still a challenge, especially in the context of
international clinical trials. The harmonization
of ethical requirements, data sharing and post-
market surveillance are important to foster
trust and international collaboration (108).
With the widespread adoption of gene
therapies from clinical trials to standard care,

ongoing ethical oversight and
regulatory adaptation are critical. All
constituencies need to be wvigilant in

advancing the patient perspective, public
input and independent, long-term oversight,
so that these revolutionary treatments are
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delivered safely, equitably and responsibly
(33,37,40,103).

CONCLUSION

Inherited retinal dystrophies (IRDs) are a
group of disorders estimated to affect more
than two million people worldwide with no
effective therapy, but gene therapy has moved
from concept to clinic with great promise to
change the vision of patients with these
debilitating  diseases. The approval of
Luxturna  for RPE65-mediated  retinal
dystrophy was a landmark moment in time
heralding a new era of gene-based treatments
to restore or halt the loss of sight. With the
additional knowledge of disease genetics,
there are current and upcoming trials for other
causative genes including RPGR, ABCAA4,
and CHM, which are going to continue to
further develop the therapeutic landscape for
the many individuals affected by a wide
variety of IRDs. Early diagnosis and extended
genetic  testing are  essential.  Accurate
determination of causative mutation not only
determines  prognosis and  ‘therapeutic
eligibility’ (to gene-based therapies - or soon
to be), but it is also essential for timely
intervention- itself a critical variable in
disease where progressive and irreversible
loss of photoreceptors occurs. The Inclusion
of genetic counseling is required for ethical
clarity and informed consent, not only for the
patient, but also his/her relatives.

In the future, the prospects of retinal gene
therapy are bright and changing quickly.
Advances in the gene-editing technologies
such as CRISPR, optogenetics and RNA-
based therapies may now be on the horizon to
address these challenges, treating dominant
mutations and advanced disease stages.
Furthermore, the arrival of the era of
personalized medicine and combination
strategies should tailor treatments to be more
definitive, durable, and broadly available.
Continuous research efforts, ethical
management and equal healthcare provision
are needed for the potential of these advances

to be realised.  Multidiscipline-based
cooperation and personalized medicine are
making the dream of saving or returning the
vision to millions of people with IRDs come
true.
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