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Abstract: Retinitis Pigmentosa (RP) is a group of inherited retinal dystrophies (IRDs) characterised by progressive vision loss.
Patients with RP experience a significant impact on daily activities, social interactions, and employment, reducing their quality of life.
Frequent delays in referrals and no standard treatment for most patients also contribute to the high unmet need for RP. This paper aims
to describe the evolving therapeutic landscape for RP including the rationale for advanced therapy medicinal products (ATMPs).
A review of available data was conducted in three stages: (1) a search of publicly available literature; (2) qualitative research with
physicians treating RP patients in France, Germany, Italy, Spain, and the UK; and (3) a review of leading candidates in the RP pipeline.
Globally, there are currently over 100 drugs in development for RP; 50% of which are ATMPs. Amongst the 15 cell and gene therapies
in late-stage development, 5 leading candidates have been selected to profile based on the development stage, drug target and
geography: gene therapies AGN-151597, GS-030 and VMCO-1 and human stem cell therapies jCell and ReN-003. Hereditary retinal
diseases are suitable for treatment with cell and gene therapies due to the accessibility of the retina and its immune privilege and
compartmentalisation. Therapeutic approaches that aim to rescue photoreceptors (eg gene therapies) require that non-functional target
cells are still present, whereas other therapies (eg cell therapies) are not reliant on the presence of viable photoreceptors. Gene
therapies may be attractive as their fundamental goal is to restore vision; however, cell therapies will likely have a broader application
and do not rely on genetic testing, which can delay treatment. Ensuring effective therapeutic options for RP patients across disease
stages requires the continued diversification and advancement of the development pipeline, and sustained efforts to promote early
patient identification and timely diagnosis.
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Introduction
Retinitis Pigmentosa (RP) is a group of inherited retinal dystrophies characterised by progressive vision loss."* RP is the
most common inherited retinal dystrophy (IRD), with prevalence rates reported between 1 in 4000 and 1 in 3745,
affecting over 1.5 million patients worldwide.>> Whilst RP can occur together with systemic disease, ie, syndromic RP,
non-syndromic RP, involving vision loss alone, accounts for the majority of cases.’

RP is a progressive disease, with patients initially experiencing loss of night vision, followed by reduced visual acuity and
a gradual narrowing of the visual field.” By the age of 40, most patients are classified as legally blind.'* Worsening symptoms are
associated with increased difficulty performing daily activities and reduced autonomy. This results in difficulties staying in work,
higher levels of anxiety and depression, social isolation, and an overall reduced quality of life. As such, RP has significant effects
across all domains of the patient’s life and there is a high burden on patients, families and caregivers, and society."®”’

With only one approved therapy for a small sub-population of patients, most patients are limited to the best supportive
care, which is often inadequate to address these unmet needs.'* However, with recent advances in potentially curative cell

and gene therapies, the evolving treatment landscape offers a promising future for patients with RP.
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Methods

Literature Search
A literature search of publicly available information was performed using PubMed (https://pubmed.ncbi.nlm.nih.gov/) and
Google Scholar (https:/scholar.google.com/). The search was limited to English language publications between the years 2000—

2,

2021, using the search terms or variations of the following terms: “retinitis pigmentosa”; “inherited retinal dystrophies”;

)

“epidemiology”; “prevalence”; “disease presentation”; “disease progression”; “patient pathway”; “diagnosis”; “burden of

disease”; “unmet need”; “therapeutic landscape”; “treatment”; “advanced therapy medicinal products” or “ATMP”; “cell

99, ¢

therapy”’; “gene therapy”.
Information was also retrieved from the GlobalData database (https://www.globaldata.com) and government websites.

Primary Research with Senior Physicians

Semi-structured qualitative research was completed with senior physicians responsible for the treatment of RP at
specialist treatment centres in France, Germany, Italy, Spain, and the UK. Key topics addressed included the current
treatment landscape for RP, the patient pathway between initial presentation of symptoms, diagnosis, treatment and
follow-up, and key clinical, economic, and humanistic unmet needs for patients and their support networks.

Systematic Selection of Leading Candidates in Development for RP

The 19 drug candidates identified in Phase II or III development in the US, EU or globally were subject to further analysis to
determine their eligibility for inclusion in this publication (Figure 1). For inclusion, therapies were required to have a broad
application for the RP patient population to allow for better comparison between therapies. Commercialisation and distribution
capabilities of the sponsors were analysed, resulting in the exclusion of one product under development by a university.
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Figure | Identification of leading candidates in RP. Created using the official PRISMA 2020 flow diagram for new systematic reviews.
Notes: Adapted from: Page M), McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 2021;372:n71.
doi:10.1136/bmj.n71.*” Copyright © 2021, BMJ Publishing Group Ltd. For more information, visit: http://www.prisma-statement.org/.
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The exclusion of the 11 products in Table 1 results in the identification of 8 candidates in the evolving treatment

landscape of RP. As this review focuses on the rationale for cell and gene therapies in RP, further 3 products were

excluded, leaving 5 key cell and gene therapies (outlined in Table 2).

Table | Exclusion of Candidates in the RP pipeline®

Drug Name

Sponsor

Reason for Exclusion

4D-125

4D Molecular Therapeutics

Inc.

Undisclosed mechanism of action

Botaretigene sparoparvovec

MeiraGTx Holdings Plc.

Targets a specific gene:

RPGR

BS-01

Applied Genetic
Technologies Corp.

Targets a specific gene:

RPGR’

Cotoretigene toliparvovec Biogen Inc. Targets a specific gene: RPGR
CPK-850 Novartis AG Targets a specific gene: RLBPI
CTxPDE-6b Coave Therapeutics Targets a specific gene: PDE6B
CTxPDE-6b Thea Open Innovation SAAS.U. | Targets a specific gene: PDE6B

Gene Therapy to Activate PDE6A for Retinitis

Pigmentosa

University of Tubingen

Targets a specific gene:

a university sponsor

PDE6A; Limited clinical capacity of

Laruparetigene zovaparvovec

Applied Genetic
Technologies Corp

Targets a specific gene:

RPGR

QR-1123

ProQR Therapeutics NV

Targets a specific gene:

RHO

QRX-421a

ProQR Therapeutics NV

Targets a specific gene:

USH2A

Table 2 Leading Cell and Gene Therapy Candidates in the Development for R

8,22-26
P

Drug Name

Indication

Formulation

Mechanism

Mechanism of Action

Phase of

Development

Sponsor

Geographic
Scope

AGN-151597

RP

Intravitreal

Gene
therapy

ChR?2 functions as light-
gated cation-selective
channels in retinal
neurons, facilitating the
depolarisation of these
neurons in response to
the absorption of specific
wavelengths of light.

Phase Il

AbbVie Inc.

us

GS-030

RP

Intravitreal

Gene
therapy

The ChrimsonR-tdTomato
gene is embedded into the
nucleus of photoreceptor
cells, using optogenetics
technology, which can
then produce a critical
protein which makes cone
cells light-sensitive.

Phase Il

GenSight
Biologics S.A.

US, EU, UK

(Continued)
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Table 2 (Continued).

Drug Name Indication | Formulation | Mechanism | Mechanism of Action Phase of Sponsor Geographic
Development Scope
jCell RP Intravitreal Human Retinal progenitor cells Phase Il jCyte Inc. us
stem cell are developed by human
therapy retinal progenital cell

(hRPC) technology. They
act as photoreceptors and
stabilise the retina by
directly replacing the
dying cells. These
progenitor cells secrete
neuroprotective factors
and have the ability to
phagocyte damaging
materials that build up in

disease.
ReN-003 RP Intraocular Human ReN-003 hRPCs Phase Il ReNeuron Spain, UK, US
stem cell differentiate along the Group
therapy photoreceptor lineage and Plc.

are capable of self-renewal
and multipotent and
retina-specific
differentiation. They
integrate with the host
retinal tissue,
differentiating to express

the protein rhodopsin.

VMCO-I RP Intravitreal Gene VMCO-1 acts by Phase Il Nanoscope us
therapy delivering white opsin to Therapeutics
the target cells. Inc.

The Current Landscape for RP

Impact of Retinitis Pigmentosa on Patients

In the early stages of RP, patients will experience night-time blindness and difficulty adapting to low light environments.
Mid-stage disease starts to have a significant effect on a patient’s quality of life, for example, they can have difficulty
driving at night, start bumping into objects, and can have trouble locating objects.'®!!

Due to frequent delays in referrals, patients are more likely to be diagnosed in the late-stage of the disease.'? By this
stage of disease, visual field symptoms are progressively worse, and visual acuity is severely impaired.'? Late-stage
disease is characterised by tunnel vision and severe restrictions in the visual field, and is associated with a high burden of
disease.? By the age of 40, most patients are classified as legally blind,"? defined as 20/200 vision or worse in the better
eye or visual field restriction to <20° diameter,® and typically patients lose central vision by the age of 60."* This has

significant effects on the patient’s quality of life, social interactions, and ability to work.

Diagnostic Challenges for Retinitis Pigmentosa
The initial presentation of the disease involves visual disturbances. Due to the vagueness of these symptoms, RP can go

relatively unnoticed in the early stages of disease. The high genetic heterogeneity of RP can also lead to a wide range in
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the time of onset of symptoms and the type of symptoms that a patient first experiences.”> Consequently, there is no clear
set of signs and symptoms for RP, which often leads to patients presenting to primary care in advanced disease stages.

Referrals to specialist geneticists and ophthalmologists can take between three and twelve months depending on the
need for multiple consultations, proximity of the patient to a reference centre, patient age, and the stage of disease. This
protracted period can mean that formal diagnoses are given to patients when they are in a more advanced disease stage,

where visual field symptoms have become progressively worse.'?

Current Landscape for the Management of Retinitis Pigmentosa

Currently, Luxturna® (voretigene neparvovec) is the only approved therapy for RP and is only authorised for the
treatment of a small sub-population of patients that have the RPE65 mutation, which represents 0.3—1% of total RP
cases.'® There is currently no standard treatment for patients without the RPE65 mutation, therefore most patients are
limited to the best supportive care, including reliance on vitamin supplements, protection from sunlight, and visual aids.”
Comparison of seven clinical trials that measured visual acuity as a secondary outcome indicator showed that no
significant difference was found in Early Treatment Diabetic Retinopathy Study (ETDRS) visual acuity with different
doses of vitamin A and vitamin E in RP across treatment groups. Groups were either administered high-dose vitamin A,
high-dose vitamin E, high-dose vitamin A and E, or trace amounts of both vitamins. This indicates that vitamin
supplementation may have no beneficial effect in RP patients. Trials have also observed no significant difference
between visual fields in control groups and groups supplemented with vitamin A.'> Consequently, for most patients
with RP, there is currently no cure or effective treatment to slow or stop disease progression."'

The Evolving Treatment Landscape for RP
The RP Pipeline - Cell and Gene Therapies in Clinical Development for the Treatment
of RP

Globally, there are currently 131 drugs reported in all stages of clinical development for RP, including 80 drugs in
preclinical development and 30 drugs in late-stage clinical development (24 in phase II and 6 in Phase III trials)
(Figure 2A).'°

From the drugs currently under development for the treatment of RP, several different types can be highlighted: cell
therapies, gene therapies, gene-modified cell therapies, oligonucleotides (eg oligonucleotides, antisense oligonucleotides,
and antisense ribonucleic acid interference (RNAi) oligonucleotides), antibodies, peptides, recombinant proteins and
peptides, synthetic peptides, and small molecules. However, of the 131 drugs in clinical development for RP, around
50% are considered to be ATMPs, ie, cell and gene therapies. Of the 65 ATMPs in development, 10 are cell therapies
(15.4%), 52 are gene therapies (80%), and 3 are gene-modified cell therapies (4.6%)® (Figure 2B).

Most cell and gene therapy candidates are in the early stages of development. Currently, there are 2 cell therapies and 11
gene therapies in phase II development, with only 2 gene therapies in phase III development (Figure 2B).*

Gene therapy targets are generally diverse, although several targets are common across more than one drug. These
include RHO which encodes rhodopsin; usherin, encoded by USH24; and Retinitis Pigmentosa GTPase Regulator (RPGR),
encoded by the gene of the same name. RHO is also targeted by 2 oligonucleotides and 1 recombinant protein. A further 2
oligonucleotide drug candidates target USH2A, making these targets the most common in the RP pipeline (Figure 3).%

Mutations in RHO are predominantly associated with autosomal recessive RP (ARRP) and account for 25% of RP.'®
The study of the defects in this gene is particularly relevant to therapeutic approaches to sustain photoreceptor viability
without correcting the underlying mutation.'® Mutations in USH2A4 collectively account for 12-25% of cases of
autosomal recessive (AR) non-syndromic RP and result in non-syndromic ARRP or Usher syndrome, where patients
also experience hearing impairment. Potential therapeutic strategies either aim to manipulate the levels of USH2A4 or aim
to prevent retinal degeneration by targeting disease pathways such as cell death or oxidative stress. However, the research
on USH2A presents several challenges due to a broad spectrum of mutations, a large gene size hindering gene therapy
development, and limited knowledge on its pathogenicity.'® In contrast, mutations in RPGR are responsible for over 70%
of cases of X-linked RP (XLRP), which itself accounts for 10-15% of all RP cases.””
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Figure 2 (A) RP pipeline by development phase. (B) Drug types across each stage of the clinical development pipeline for RP.

Notes: Data from GlobalData.? *Gene-modified cell therapies use gene transfer and cell-based technologies together to facilitate appropriate gene expression using cell
o 17

carriers.

There are also several cell therapies in development for RP. These cell therapies can be applied in RP with two main
therapeutic goals, “rescue” (ie preservation and restoration of function) and “replacement” (ie the direct replacement of
dead or dysfunctional cells with healthy ones).*'
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Figure 3 The most common targets for RP drug candidates (excludes those targeted by a single product in the pipeline).
Note: Data from GlobalData.?

Number of drug candidates

“Rescue” can be sight-restoring if cells that are required for vision can be returned to normal physiological function.
This is generally facilitated by the modulation of metabolic abnormalities eg with the production of trophic factors,*' and
there are several cell therapies under development for RP which involve the secretion of neuroprotective factors from
transplanted cells. There are also cell therapies under development which are able to engraft and protect the photo-
receptor layer of the retina from degeneration, cells which can phagocytose damaging materials, and those which can
reduce the activity of immune cells causing inflammation and damage.®

Cell therapies can also mediate the introduction of cells to directly replace damaged and dying cells. As blindness
occurs due to photoreceptor death in RP, cell replacement therapies can be sight-restoring even in end-stage disease.?’
Cell therapies in the pipeline for RP include those that introduce retinal-pigmented epithelium (RPE) and photoreceptor
precursor cells (PRP) or pluripotent stem cells, which undergo in vivo differentiation. These pluripotent stem cells have
the ability to integrate with the host retinal tissue and are capable of self-renewal, indefinite propagation, and multipotent
and/or retina-specific differentiation.®

As illustrated in Figure 2B, there are currently 3 gene-modified cell therapies in development for RP. These products
elicit their therapeutic activity by i) activating glial cell line-derived neurotrophic factor to promote survival and growth
of dopamine-producing neurons; ii) replacing the broken copy of the MFRP gene with a functioning gene, encoding the
functional membrane frizzled-related protein, to prevent the mutation-induced progressive loss of rod and cone vision;
and iii) introducing cells to promote regenerative processes and prevent damage to central nervous neuronal cells.

Of the small molecules in development, drug candidates target a range of enzymes and receptors in cell signaling
pathways involved in sight, or work to restore vision by, for example, reducing inflammation and oxidative stress to
combat cell death.®

Leading Candidates in Development for RP

Several leading candidates can be identified in the RP pipeline through secondary research and an extensive analysis of
relevant databases.® As outlined in the methods section, candidates were selected for inclusion based on development
stage (phase II and III), drug target, and geography. These products are outlined in Table 2.
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Other Advances in the Evolving Treatment Landscape for RP
Alongside advances in cell and gene technologies, research advances in the fields of optogenetics and electronic retinal
prosthesis also represent encouraging progress for the treatment of RP and other IRDs. Optogenetic tools and photo-
switchable compounds have been explored to make cells light-sensitive and bypass the loss of sensory input, and
optogenetics may be applied to re-activate remaining cone receptors.*®

Retinal prostheses involve the grafting of artificial light sensing devices that provide electrical stimuli to the inner
nuclear layer.”® Retinal prostheses have been shown to restore some basic visual function in affected patients®® and both
epiretinal and retinal implants have entered into clinical trials and clinical practice.*’

Discussion
Treatment Selection for RP Can Be Informed by Several Factors, Including the Stage of

Disease
The RP pipeline is diverse with several drug types in development. However, in clinical practice, the application of the
most appropriate therapy type will likely depend, in part, on the stage of disease. Overall, therapeutic approaches that aim
to rescue photoreceptors (eg gene therapies) are likely to be applied at an earlier stage of disease as gene replacement
requires that non-functional target cells are still present. Therefore, this option may not be appropriate for the treatment of
advanced retinal degeneration.”” Other therapeutic approaches, such as neuroprotection and antibody therapy, also
require the presence of endogenous photoreceptors and are therefore more likely to be applied in early disease before
patients experience severe photoreceptor loss (Figure 4).2%

In contrast, other therapies are not reliant on the presence of remaining, viable photoreceptors. As such, cell therapies,
optogenetics, retinal prostheses and photo-switchable compounds can be applied to patients in later stages of disease

when photoreceptor degeneration is advanced (Figure 4).2%%°

Clinical Rationale for Cell and Gene Therapies in RP
Hereditary retinal diseases are suitable for treatment with gene therapies due to the accessibility of the retina and its
immune privilege and compartmentalization. This means that gene therapies can be applied with limited immune

A Start of photoreceptor loss Intermediate photoreceptor Severe photoreceptor loss
loss

Amount of
photoreceptors

Disease progression

Neuroprotection

Gene therapy

Antibody therapy
Optogenetics
Cell therapy

Retinal prosthesis
Photo-switchable compounds

Figure 4 Potential treatment for photoreceptor degeneration based on stage of disease and degree of photoreceptor loss.

Notes: Reproduced from: Santos-Ferreira TF, Borsch O, Ader M. Rebuilding the Missing Part-A Review on Photoreceptor Transplantation. Front Syst Neurosci. 2017;10:105.
doi:10.3389/fnsys.2016.00105.%® Copyright © 2017 Santos-Ferreira, Borsch and Ader. Creative Commons Attribution License (CC BY); https://creativecommons.org/
licenses/by/4.0/legalcode.
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response or systemic side effects. The development of imaging techniques, including optical coherence tomography
(OCT) and adaptive optics, also allows changes in the retina to be monitored after therapy.30

The location of photoreceptors in the eye next to the RPE means that diseases characterised by photoreceptor loss are
also amenable to cell replacement via cell therapies. The contact between the RPE and outer segments of the photo-
receptors is relatively loose and can be separated when donor cells are injected into the eye. This also means that once
photoreceptors have been transplanted, they only have to extend their axons a few micrometres to establish synaptic
connections to other cells in the eye.*®

The Advantages and Limitations Associated with Cell and Gene Therapies

There are several considerations that could influence the choice of treatment strategy with a cell or gene therapy for RP
patients. An overview of the advantages and limitations associated with both cell and gene therapies for RP is detailed in
Boxes 1 and 2.

Both gene therapies and cell therapies have important roles to play in the treatment of RP. Gene therapies require the
presence of photoreceptors as a non-functional target cell, so are likely to be employed in early to mid-stage disease. Cell
therapies do not require the presence of photoreceptors and so could be used throughout the disease course but are likely
to be particularly relevant in mid-late stage disease, where severe photoreceptor loss has occurred.

Route of Administration
The different routes of administration for ATMPs are important and can play a role in the selection of the most
appropriate treatments for patients. '

Intravitreal injection is a minimally invasive route of administration with less chance of damaging the retina than
other methods, such as subretinal injection. It can be performed in a clinic setting, therefore increasing access to cell and
gene therapies to a wider pool of patients.®” It has been reported that due to the physical barrier between the vitreous
cavity and the inner limiting membrane, there have been some challenges in the use of intravitreal injections for gene
delivery for the treatment of IRDs.”’” However, it has been demonstrated that intravitreal injection of human retinal
progenital cells (hRPCs) is effective and safe in protecting photoreceptor cells, with grafted cells in the vitreous cavity
being well tolerated, with no adverse effects.**

Box | The Advantages and Potential Limitations Associated with Cell Therapies

Cell therapy advantages

A cell therapy could stop the progression of disease through delaying the death of photoreceptors'? (eg neurotrophic factors are able to modulate

innate retinal immune cells to promote retinal repair).28

Stem cells are self-renewing, and due to their capacity of unlimited expansion and their plasticity, stem cell-based therapies may reduce or eliminate
the necessity for repeated administrations of the therapeutic cells.’!

Cell therapies will likely have a broad application as they are mutation-independent.29

Treatment can be initiated earlier as genetic testing is not required for cell therapies.IZ

In principle, culture techniques allow the generation of unlimited transplantable cells.>

Cell therapy potential limitations

Challenges include integration of transplanted cells into the host retina and reconstruction of the synaptic connections and functionality.?®%°

Evidence for successful integration of transplanted photoreceptors into the host retina is still preliminary.®?

Risk of rejection due to immunopriviledge being compromised in surgery.?’

Risk of tumorigenesis due to the persistence of undifferentiated stem cells at the end of a reprogramming and differentiation protocol.>?

Several clinical and preclinical studies have reported transplantation-related adverse effects including retinal detachment and inflammation and

further research into the optimal delivery route is required.>
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Box 2 The Advantages and Potential Limitations Associated with Gene Therapies

Gene therapy advantages

The fundamental goal is to treat the disease and restore vision, by introducing corrective, healthy genetic material into cells to either produce

a functional protein or compensate for a specific diseased gene. Therefore, gene therapy offers the possibility to cure diseases such as RP?’

Gene therapies are likely to be specific for a particular genetic mutation, increasing the likely effectiveness and allowing for “personalised”

treatment.'?

Optogenetics have been developed as an acceptable gene therapy approach to combat limitations associated with traditional gene therapy. This

includes the fact it is a gene-independent approach, and its application in late-stage disease where there is significant photoreceptor loss.?’

Gene therapy potential limitations

In advanced disease, target photoreceptors will have largely degenerated and conventional gene therapy (to silence or mutate a gene) will no longer

be effective.2?3¢

With any delays in referral, diagnosis and genetic testing for RP, it is possible that patients will miss the limited time window for successful gene
therapy.37

Although intended as one-time treatments, the durability of response to gene therapies will only be established with time.®®

Genetic testing must be undertaken to identify patients eligible for gene therapy at a stage of disease where the patient has sufficient remaining

retinal cells.”’

The effect of a gene therapy is difficult to halt following treatment delivery, and long-term safety is yet to be established.?’”

Inconsistent clinical outcomes may be associated with insufficient transgene expression mediated by adeno-associated virus (AAV) in target cells

. 39
and/or immune response.

Retinal blood flow and oxygen uptake is reduced in patients with RP, therefore even if there are photoreceptors remaining, there may not be

sufficient oxygen supply for photoreceptors to survive.'>*

Risk of rejection, despite immunopriviledge and the potential for patients to be excluded from treatment due to pre-existing immunity to AAV.*!

Current gene therapies are not able to address large genes (eg USH2A) that so far cannot be delivered by a viral vector.'”

In contrast, subretinal injection brings the injected vector into direct contact with target cells, increasing vectorisation
efficiency and decreasing the chance of eliciting an immune response, when compared to systematically delivered adeno-
associated virus (AAV).>**> Physicians also acknowledge that for a cell therapy, a subretinal injection of an implant may
suggest a longer duration of effect with sustained delivery, subject to supporting data.'> However, subretinal injection is
invasive and safety concerns have been reported for this route of administration.'?** Furthermore, the subretinal space is
not immune-privileged and is prone to immune rejection.** Even when performed by an experienced vitreoretinal
surgeon, associated risks include uveitis, cataract, retinal tear, retinal detachment, endophthalmitis, macular fold, and
macular hole.** With the subretinal injection of cell and gene therapies, visual acuity may also be diminished for several
months, which will impact the functionality and quality of life of the patient.'*> Depending on the treatment centre and
healthcare system, capacity constraints for vitreoretinal surgeons have also been reported, which may limit the potential
for delivering new treatments with this route of administration. '

Drivers for Investment in the Development of New Cell and Gene Therapies for RP
Demand for effective medicines is one of the drivers of pharmaceutical investment, and investment in areas where there
is a high unmet need is important for realising the social value of pharmaceutical innovations.** Since voretigene
neparvovec is only available for a small proportion of RP patients with the specific RPE65 mutation, there is no effective
curative treatment for most individuals with RP, with high remaining levels of unmet need.”'

The approval of voretigene neparvovec has led to a paradigm shift in the therapeutic approach to monogenic retinal
diseases, paving the way for pharmaceutical innovation in the ATMP space.*> However, clinical development for ATPMs is
highly complex, being subject to rapid technical and scientific advancements and often personalized for individual patients.
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As such, clinical development is resource-intensive and requires substantial investment. Furthermore, manufacturing ATMPs
requires skilled personnel and highly controlled development facilities, both of which are associated with high costs.*®

Several factors may contribute to the decision for a manufacturer to invest in either a cell or gene therapy for the
treatment of RP. With a broader application, the patient population for cell therapies is larger than for most gene
therapies, which target a specific gene or a particular mutation.?”***> However, costs for the development of cell
therapies can be driven higher by the requirements for highly specialized materials such as tissue culture, and material
wastage can be high due to short expiration dates.*® Gene therapies are also associated with additional complexities,
including high development costs, requirements for genetic testing and the need for highly skilled and specially trained
healthcare providers to perform the procedure, which can be associated with potential surgical complications.?’”

The majority (80%) of ATMPs in development are gene therapies, therefore it is clear that gene therapies are the
current focus of pharmaceutical investment.® In order to ensure effective therapeutic options are available for a broad
range of patient types and disease stages, the continued advancement of a diversified pipeline with a range of therapeutic
approaches, including cell therapies, is highly important.

Conclusion

RP is a retinal degenerative disease; progressive photoreceptor degeneration means that patients experience worsening
symptoms as the disease advances and RP is associated with a high burden of disease for patients. As the age of onset of
symptoms varies widely and symptoms often go unnoticed in the early stages of disease, diagnosis can be challenging.
Due to common delays between initial presentation of symptoms and referral to a specialist ophthalmologist, patients
may be in the advanced stage of disease before they obtain a formal diagnosis. Consequently, many RP patients
experience a significant impact on their visual function and quality of life.”'

There are currently 131 drugs in clinical development for RP, with around 50% considered to be ATMPs. These
therapies represent a highly important advance for the treatment of RP, with the potential for a curative effect and
a significant reduction in the burden of disease.

The clinical development pipeline is diverse with several drug types in development which are suitable to treat RP
patients across each stage of the disease. Gene therapies are likely to be applied in earlier stages of disease when viable
target photoreceptors still remain. In contrast, cell therapies are not reliant on the presence of remaining, viable
photoreceptors, can work independently of gene mutation, and could be used throughout the course of the disease.

Ensuring that novel and effective therapeutic options are available for a range of RP patients across disease stages
will require the continued diversification and advancement of the clinical development pipeline, and sustained efforts to
promote early patient identification and timely referral and diagnosis of RP.
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