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Highlights:

* Drug delivery remains a major challenge in the treatment of retinal diseases

* Degradable and non-degradable implants for the sustained and local release
of glucocorticoids have been approved

* Bolus of proteins neutralizing VEGF family members allow the maintenance
of clinical benefit for 1 to 3 months

* New reservoirs and polymeric dispersed systems are in development for
intravitreous slow release of drugs and proteins

* Few drug delivery systems cross the clinical stage due to insufficient multi-
disciplinary development

* Fundamental work is still required to build guidelines for toxicity and models
for ocular pharmacokinetic studies.
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Abstract

Introduction

Striking recent advance has occurred in the field of medical retina, greatly because
intraocular drugs have been developed, enhancing their clinical efficacy while
avoiding systemic side-effects. But, the burden of repeated intraocular
administration makes limits the optimal efficacy of treatments, prompting the
development of new drugs with prolonged half-life or of sustained drug delivery
systems.

Area covered

In this review, we describe the various drugs and drug delivery systems that have
reached the clinical stage and those that are in clinical development and we
discuss the limitations to clinical translation.

Expert opinion

Substantial fundamental work is still required to build guidelines on optimal animal
models for ocular pharmacokinetics and safety studies depending on the target
disease site and the on the type of therapeutic compounds. The effects of a drug
administered as a bolus at high concentration in the vitreous might differ from
those resulting from the sustained release of a lower concentration, and no
delivery platform can be simply adapted to any drug. For the treatment of retinal
diseases, development of therapeutic compounds should integrate from its early
conception, the combination of an active drug with a specific drug delivery system,

administered by a specific route.



Retinal diseases remain the main causes of visual impairment in
industrialized countries due to population aging and to the high prevalence of
diabetes and of myopia[1,2]. Major therapeutic advances have been achieved in
the last 15 years in the field of retinal diseases allowing not only to stabilize vision
of patients presenting macular edema of various origins including diabetic
retinopathy, choroidal neovascularization secondary to age-related macular
degeneration or to myopia, and to retinal vein occlusion, but also to reach
clinically significant vision gain using repeated intraocular administration of either
anti-angiogenic recombinant proteins[3-6] or different glucocorticoids
formulations[7-9]. These therapies reduce macular edema [10] but they do not
cure the disease explaining that the symptoms recur when the drug reaches the
lowest efficacy threshold. Whilst curative therapies remain to be discovered,
tremendous efforts are being made to prolong the beneficial anti-edematous
effects of the actual drugs in order to reduce the frequency of intraocular
administrations. Indeed, all real-life studies have shown that the visual benefit is
not as good as in randomized controlled trials due to poor compliance and to the
burden of repeated intraocular injections[11-14].

On the other hand, to target neurodegenerative processes and delay photoreceptor
loss that progresses over decades, any potential drug should be formulated in a
way that limits the number of administrations over years. Moreover, there are
many potential drugs, targeting pathogenic mechanisms in the retina, that either
do not cross the blood retinal barrier and/ or have a very short-half-life when
injected into the vitreous preventing them from being selected as potential retinal
drug candidates.

Drug delivery to the posterior segment of the eye thus remains one of the major
challenges in the treatment of retinal diseases. Indeed, the eye is an ideal organ
for the local delivery of active principle. It is a small organ containing different
cavities filled with fluids, directly accessible using minimally or eventually non-
invasive methods. In this review, we will summarize different strategic approaches
that have been envisaged for delivering drugs, proteins or small molecules to the

back of the eye, emphasizing on those that have reached the clinical stage.



1. General considerations
When designing drug delivery for the treatment of retinal diseases, several
essential questions must be answered regarding the target site and the drug:
What is the target tissue or cell?

The retina is in direct contact with the vitreous cavity, but the active principle
might not diffuse freely from the vitreous to the different layers of cells in the
neuroretina, or to the retinal pigment epithelium (RPE) and to the choroid (Figure
1). Indeed, there are molecular barriers at the inner limiting membrane, the outer
limiting membrane and at the RPE[10,15-17]. The bioavailability of a molecule into
the retina is also governed by endogenous molecular gradients and by active
transports and efflux proteins[18-20]:[21]. The optimal route of administration and
the target concentration in the vitreous might differ if the target is in the
superficial retinal layers, the outer neuroretina or in the choroid (Figure 1). The
choice of the route of administration should thus be guided by the pathogenic

mechanism site.

What is the most relevant model to perform pharmacokinetic and biological

efficacy studies?
Except from non-human primates which also have a macula, no animal model
recapitulates fully the distribution of drugs into the macula, which is the site of
most diseases (AMD, diabetic macular edema, vascular-induced macular edema,
choroidal neovascularization.). Not only is the use of monkey limited by ethical and
cost, but monkey eyes are smaller than human eyes and their macula also differs
from the human one. In addition, research is still needed to establish whether drug
penetration and distribution in the avascular macula differs from the other parts of
the retina. Rabbits are thus often used for pharmacokinetic studies because the
size of the rabbit eye is closer to the human eye and although the vitreous volume
is much smaller, it is cheaper and seems to be a predictable model[22]. But, since
few retinal disease models are relevant in rabbit as compared to rodents,
biological efficacy is often evaluated in rodents, in which pharmacokinetic studies
are difficult and poorly relevant to humans. Therefore, several animal models are
used, each one for a specific and complimentary aims and correlation between

pharmacokinetic and pharmacodynamic effects can rarely be established. Human



pharmacokinetics are obviously the most valuable data as they can be correlated to
clinical efficacy but in humans only the aqueous humor can be repeatedly sampled.
A complex modeling is thus required, based on many hypotheses, to extrapolate
retina or even choroid drug concentration from the aqueous levels [23-25]. When
developing therapeutic proteins, immunologic reactions against human proteins are
expected in animal including eventually monkey, resulting in low predictability of
animal pharmacokinetics to human. There is no universal and optimal animal model
to study ocular pharmacokinetic and a strategic plan must be drawn depending on
the route of administration the type of drug delivery system, and the drug, to
overcome technical issues and often, several complementary animal models are

required.

What is the target concentration? in which compartment should it be

measured?
These questions are crucial when designing a drug delivery system. The target drug
concentration in the vitreous might not be simply extrapolated from preclinical in
vitro or ex vivo assays. In example, the anti-VEGF ranibizumab inhibits
proliferation of endothelial cells in vitro with an average IC50 value of 0.088 +
0.032nM [26], which would correspond to less than 10 pg/ml in the vitreous, but
according to pharmacokinetic/ pharmacodynamic models, that take into account
the diffusion of the drug in the retina and the correlation between reduction
macular edema and the minimal efficient ranibizumab concentration in human
vitreous is around 0.1pg/ml [23,24]. Indeed, once administrated in the vitreous,
the injected drug may bind to various molecules, diffuse in compartments where it
can be eliminated, metabolized or sequestrated and then slowly released, it may
diffuse or be actively transported to the retinal layers and eventually to the RPE/
choroid and, its biological effect can result from indirect mechanisms at a site
which is different from the pathologic site[24]. In the case of anti-VEGF proteins,
these large molecules are mostly eliminated via the aqueous outflow and the
fraction of drugs that finally reaches the retina and the choroid, where choroidal
neovascularization develops in the case of AMD, is limited by the permeability
coefficients between retina and vitreous and between retina and choroid[24].

Moreover, how the anti-VEGF exert their anti-edematous effects in various ocular



diseases, in which many other pro-angiogenic and pro-permeating cytokines are
produced remains imperfectly understood. Finally, the biologic effects observed
when a bolus of drug is injected into the vitreous can result from complex
mechanisms, including change in oncotic pressure in the vitreous when proteins are
injected, off-target effects due to the high concentration of active principle, or
cell membrane destabilization due to hydrophobic compounds. The difficulty in
predicting efficient drug concentrations in one measurable compartment, explains
that the duration of clinical effects in humans may differ from pharmacokinetic
predictions. Variations amongst individuals is also frequently observed justifying a
personalized regimen of injections[27]. It is expected that with accumulating data
from human subjects and from pharmacokinetic/ pharmacodynamic modelling, the

prediction might improve [25].

2. Specific requirements for the delivery of therapeutic proteins or for small
molecules
Therapeutic proteins or peptides have poor retinal biodisponibility when
administered systemically, although it can be enhanced in pathological conditions
that alter the blood retinal barriers such as in intraocular inflammation (non-
infectious uveitis or endophthalmitis). Humira has been recently approved using
systemic route for the treatment of uveitis[28] but whether the drug acts through

direct neutralization of ocular TNF-a remains to be demonstrated. In other

conditions such as diabetic retinopathy, age-related macular degeneration, retinal
vein occlusions, and other forms of macular edema of any origin, anti-angiogenic
proteins, with half-life of several days, are administered into the vitreous at
frequency varying from monthly to bi-monthly. High doses are directly injected in
the vitreous to maintain a high enough concentration for at least 21 days. Any
attempt to encapsulate therapeutic proteins into polymers, reservoirs, particulate
systems must consider its stability at body temperature, and the loading limitations
due to the high size of the molecules. Smaller sized proteins such as single chain
antibodies might be better candidates for polymeric encapsulation and, chemical
modifications to stabilize the proteins might be required. Six milligrams of a 26KD
single chain antibody neutralizing VEGF, injected in the vitreous has recently shown

potential for an extent anti-edematous duration in AMD[29].



For small molecules, half-life is usually much shorter, particularly for
hydrophilic molecules that are rapidly cleared through the aqueous humor pathway
or through the retina. More than 15 years ago, the very low soluble injectable
triamcinolone acetonide formulation has been injected off label into the vitreous
as solid crystals in suspension in various excipients, acting as an uncontrolled drug
reservoir[30], with potential retinal toxicity[31]. Since then, approved ocular
formulations for intravitreous injection of triamcinolone acetonide, in which the
size of particles has been controlled and the toxic excipient removed have been
developed[32]. Although not a sophisticated formulation, it does provide at least 3
months of efficacy in the reduction of macular edema[32]. Except from such
hydrophobic compounds that can be formulated as suspension or crystals, to
achieve several months of efficacy, small molecules must be delivered in a slow
release system to avoid frequent re-injections, either into the eye or in various
spaces around the eye. To be adopted by clinicians, a drug should optimally be

injected every 2 to 6 months to reduce the burden of injection and of follow-ups.

3. The routes of administration
Figure 1 summarizes the different routes that have been used to deliver drugs for
the treatment of retinal diseases. Although topical drops have been considered as
poorly efficient to deliver efficient levels of drugs to the retina, new formulations
made of nanocarriers, that enhances the penetration inside cells of the ocular
surface tissues, that then act as reservoirs, might be able to favor the transscleral
route and subsequent delivery of small molecules to the more external tissues of
the posterior segment [33,34]. Various drops of lipid nanoparticles, liposomes,
emulsions (cationic or anionic), polymeric micelles, polymeric nanoparticles,
dendrimers, cyclodextrins micelles have been developed and tested in various
animal models [35]. Caution should be made when interpreting pharmacokinetic
results as regional anterior concentration can mask a poor bioavailability of the
drug in the posterior region of the retina, where the macula is located. A
cyclodextrin microparticle drop delivering dexamethasone is being tested for the
treatment of diabetic macular edema[36,37] [Oculis, Switzerland]. Results of the
Oculis study is expected as previous attempts to deliver anti-inflammatory drugs,
either steroids [FOV2304, NCT01319487] or NAIDS did not show positive results



[38]. If positive results are achieved, it will open the field for many other topical
drops for retinal diseases.
Peri-ocular injections are frequently used in clinical practice, based on empiric
experience as very limited pharmacokinetic data in humans are available to
support and favor one or the other routes to treat diseases of the posterior
segment [39-41]. Sub-conjunctival, sub-tenon, peribulbar and retrobulbar
injections are performed. Recent studies comparing sub-tenon injection of
triamcinolone acetonide with intravitreous dexamethasone implants for the
treatment of uveitis have concluded that intraocular administration was more
efficient and lasted longer [42]. More interesting is the comparison of
triamcinolone administered either into the vitreous or injected sub-tenon for the
treatment of uveitic macular edema, which also showed that intraocular
administration was more efficient , although associated with higher intraocular
pressure complications [43], demonstrating that the direct delivery of drugs, that
target almost all retinal cells, like corticosteroids, benefit from a direct
intravitreous administration. In addition, periocular injections expose to systemic
drug exposure and associated potential side effects.
Intravitreous administration is the most frequently used route for therapeutic
proteins as well as for small molecules (glucocorticoids, antibiotics, anti-VEGFs...).
This route has been adopted with the development of new drugs for the back of
the eye. Indeed, limited to rare cases of retinitis and endophthalmitis twenty years
ago, the number of intravitreous injection has reached 5M in the US in 2016 and
continues to raise[44]. But injecting the drug inside the vitreous does not imply
that the drug reaches its target tissue or cell, or that an efficient concentration is
maintained depending on the drug but also on ocular factors and individual
variations, that still remain to be understood[45-47]. Yet, the vitreous cavity is an
ideal space to insert any type of solid, semi-solid or particulate drug delivery
systems; either degradable or non-biodegradable. The injected or surgically
inserted material, containing drugs, can be monitored visually and can be
positioned away from the visual axis to limit visual burden.

Suprachoroidal delivery has been described almost 50 years ago[48] but was
disregarded until our group described in 2002 the suprachoroidal injection of a

semi-solid poly(ortho)ester biodegradable material, that was showed to diffuse



towards the posterior segment when injected at the pars plana [49]. More recently,
the microneedle technology has been developed to inject in a controlled manner,
drugs into the suprachoroidal space, in order to position the dug closer to the
targeted tissues as compared to the periocular injections. Lower but more targeted
doses of triamcinolone acetonide could lead to similar efficacy but reduced side-
effects[50],[51]. This technology is developed by Clearside for the treatment of
diabetic macular edema, macular edema secondary to uveitis [52], or to vein
occlusion [53]. It is important to consider the clearance mechanisms for each
specific drug and each route of administration, as elimination of the drug through
the anterior aqueous humor pathway, the retinal pathway, or through the retinal
vessels, target to efflux proteins, degradation mechanisms, influence the

effectiveness of drug delivery system[23,25,54]

Sub-retinal injections directly target the RPE and the photoreceptor cells, but
except when the retina is already detached, this route of administration is
associated with significant risks and is highly invasive. It is now restricted to the

administration of viral vectors for gene therapy [55,56]or to the injection of cells.

4. Biodegradable polymers
The list of biodegradable polymers that can be used for the sustained release of
drugs to the posterior segment of the eye and that have been used in the
preclinical stage is long (Synthetic polymers, such as poly(amides), poly(amino
acids), poly(alkyl-a-cyano acrylates), poly(esters), poly(orthoesters),
poly(urethanes), and poly(acrylamides)...), but the number of polymer that have
been used in human is very short. Indeed, the clinical use is limited by the need to
evaluate not only the safety of the polymer itself but also the safety of all its
bioproducts, that are not always even characterized. As compared to other tissues,
the retina is a direct prolongation of the brain, in which cells are post mitotic and
very sensitive to any metabolic changes. Any injury to the retina might cause
irreversible vision loss. In addition, the vitreous being acellular and directly
accessible to observation, any modest inflammatory reaction, that could have been
tolerated elsewhere in the body, is not acceptable for eye application. Another

constrain is the fact that fluid in the vitreous has a low rate of renewal, exposing



to change in pH or in the accumulation of toxic degradation products. To overcome
this problem, the amount of polymer injected in the vitreous should remain limited
to allow dilution of acid degradation products. The tolerance of polymers per se is
not of much interest as a product is the combination of polymer with a specific
drug, in a specific solid or semi-solid state at a certain concentration ratio of drug/
polymer. It is not possible to extrapolate simply what will be the tolerance of a
specific polymeric / drug formulation, but known polymers are usually preferred to
limit the preclinical toxicology package required to enter into clinical phases.

The polymers most commonly used in biodegradable delivery systems are
thermoplastic aliphatic poly(esters) of the poly-a-hydroxy acid family including
polylactic acid, polyglycolic acid (PLGA), and polylactic-co-glycolic acid. These
polymers are well known and widely used in medicine including in the field of
ophthalmology for sutures. These polymers are non- toxic except if high amount of
polymer degrading in lactic acid causes acidification of the microenvironment and
subsequent inflammatory response. Manufacturing processes can include solvents
that should be carefully removed in order to limit any undesirable toxicity. To date,
the only biodegradable implant approved for the treatment of diseases affecting
the back of the eye is Ozurdex®, a dexamethasone phosphate (700ug) loaded PLGA
(50:50) rod, inserted into the vitreous through a proprietary injector. It releases
dexamethasone for up to 6 months, but depending on the disease and the
individual patients’ condition, the threshold glucocorticoids concentration needed
to control the inflammatory signs may vary, requiring more frequent injections
[8,57-59]. Because dexamethasone is a potent anti-inflammatory drug it does not
allow to evaluate a potential pro-inflammatory effect of the polymer itself. In
addition, polymer residues can persist while the drug release is complete. As
expected with this type of polymer, initial and late phase bursts are observed.
Other polymers, such as poly(ortho)esters have been evaluated for ocular
applications. They offer the advantage of being semi-solid and injectable through
small gage needle and are extremely well tolerated while releasing drugs for
several months with a zero kinetic order. In addition, the rate of degradation can
be modulated by pH modulation. Viscous injectable Poly(ortho)esters have been
evaluated for intravitreous and suprachoroidal delivery[49,60]. No further clinical

development was made due to manufacturing and up-scaling issues. Poly-e-
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caprolactone (PCL) has also been widely studied as it allows a very long-term
release of drug into the vitreous and is very well tolerated in contact with retinal
cells. After several months in the vitreous, this very hydrophobic material degrades
into fragments, and eventually degradation can be too slow, leaving material into
the eye. Electro spun nanofibers of PCL might solve this later issue[61-63].
Peggylation and co-polymerization is often performed to reduce inflammation,
prolong the duration of release and change the solid state of the polymers. There is
indeed a particular interest in hydrogels, such as those made of co-polymers like
the InGel® from Innocore, based on PCLA-PEG-PCLA tri-block copolymers with
aliphatic end groups that are injectable and can be thermos-sensitive. Shape
memory materials should also take an important place in the field of ocular
delivery allowing to enroll in the vitreous cavity an enhanced length the material,
increasing its loading capacity and release duration [64,65] . Other materials can
be used, such as polyethyleneimine (PEl), particularly adapted to formulate nucleic
acids such as antisense oligonucleotides or siRNA[66-68]. They can form particulate
system with high transfection capacity in retinal cells[69,70]. As siRNA particulate
system get approval for the treatment of systemic genetic diseases, it is expected
that such a strategy will become possible for the treatment of hereditary eye
diseases[71]. Cyclodextrins are also widely used to form Nano micelles, that
eventually could target the retina and the choroid after topical instillation, as
developed by Oculis (SA, Switzerland) [36,37].

5. Particulate systems, solid implants or hydrogels

As mentioned previously, degradable material can be used to form nano or
microparticulate systems (particles, micelles, spheres...)[72], solid, semi-solid,
viscous, or gel for the release of drugs[73]. Each drug delivery system carries
advantages and potential drawbacks and the shape and form of the system, using a
same biomaterial, might result in different tolerance[74], which also can vary
depending on the injection or implantation site. Solid injectable implants,
biodegradable or not are already approved for the slow release of glucocorticoids
into the vitreous[57,75]. Particulate systems and hydrogels are being tested in
clinical trials to deliver small molecules [NCT/03630315].
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To treat a posterior segment disease, the optimal drug delivery system should fulfill
the following requirements. It should be injectable through a small gauge needle
(26-30 gauge) or applied topically, under no or topical anesthesia for a good
tolerance, particularly is repetition is needed. It should not cause visual
disturbance for a prolonged duration after injection. This might be taken into
consideration when particulate systems are injected into the vitreous as they may
be visible by the patients as myodesopsia. The drug delivery system should be
biodegraded to avoid the need to removal when it is empty or its remanence in the
eye for an undetermined period of time. It should release drugs or proteins for a
sustained period of time with a zero kinetic order and should degrade completely
when no drug is left. The system must be non-toxic, and the degradation products
should be known and safe for the ocular tissues. This is particularly important when
new polymers are used. Limited and controlled changes in the ocular media
chemical composition is preferable to limit potential toxicity and ensure the drug
stability (i.e. acidification). For further clinical development, the system must be
manufactured and upscaled and sterilized and the product need to be reproducible

and stable with time.

6. Non-biodegradable materials
Non-biodegradable polymeric implants can present in the form of matrix
(monolithic) or reservoir systems, eventually refillable. Slow and controlled
diffusion of the drug contained in the reservoir is achieved by diffusion through a
polymeric membrane. The drug-release rate is determined by the release area, the
thickness of the polymeric membrane, as well as drug solubility. Silicon, polyvinyl
alcohol (PVA) and ethylene vinyl acetate (EVA) are the most used polymers[76].
Non-biodegradable implant containing fluocinolone acetonide, Illuvien ® (Allimera
Sciences) has been approved for the treatment of severe forms of diabetic macular
edema. It allows a stable drug release for at least two years[77-79]. Illuvien® is a
miniaturized and injectable version of Retisert® which was surgically implanted
and was associated with a high rate of dissociation [80] [81]-. The Illuvien® implant
has demonstrated its safety and offers a long and controlled release of drug but its
cost is high, and the empty implant stays inside the vitreous cavity. For the

sustained delivery of proteins, Genentech, Inc, USA, has developed a non-
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biodegradable, refillable, implantable reservoir, that is surgically inserted in the
sclera. It seems to be able to extend the duration of the anti-VEGF, ranibizumab up
to 6 months [82].

7. The gene therapy approach

For the slow release of proteins, a direct local production is an attractive strategy.
It allows permanent local production of therapeutically active proteins, produced
by the ocular cells, that perform endogenous post transcriptional modifications.
Viral vectors are proposed to transduce either retinal pigmented epithelial cells
through invasive sub retinal delivery, or glial Muller cells through intravitreous
injections[82,83]. There is no exit strategy, the protein could continue to be
secreted for an undetermined duration, exposing to over-dosage and undesirable
side-effects. Another strategy proposes to transduce the ciliary muscle cells, that
are non-retinal and non-visual cells, using a non-viral gene delivery, mediated by
electrotransfer. The production might last for 6 to 9 months, as the plasmid,
remaining episomal, is silenced after several months. Repetition is possible and the
technique is minimally invasive[15,84]. For the regulation of cytokines and growth
factors, this approach seems promising. Both strategies have entered the clinical
development stages. For the replacement a mutated gene, viral gene therapy is
the method of choice allowing to deliver the missing gene, that theoretically
should be expressed for a lifetime. One product has been approved for the
treatment of retinitis pigmentosa associated with mutation in RPE65 gene
(Voretigene neparvovec, Luxturna ® Novartis). The long-term results seem to show
that the expression might not be stable in all cases and that the treatment might
be able to stop the disease progression only in a subset of patients[85]-[86].
Nevertheless, this has been a real breakthrough in the field, although the very high
pricing of this first gene therapy can be a limitation[87]-[88].

8. Expert opinion

The eye is the ideal organ for local drug delivery. The ocular barriers prevent drug
penetration from the circulation but also retain the drug inside the eye allowing a
real local treatment with no significant systemic side-effects. Easily accessible, the

eye can be targeted by many routes but the more direct is the intravitreous
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administration of various formulations, polymeric material, forming implants,
particulate systems, nanofibers, hydrogels....Most of the systems seem safe in
preclinical testing, they are efficient in various models of eye diseases, but they
are not developed for further clinical applications. Reasons for this low rate of
transformation from preclinical to clinical development are multiple. Inadequate
models for testing the safety and pharmacokinetics lead to non-transposable
results in non-human primates or in humans, the preparation method at the scale
of an academic laboratory might not be scalable for industrialized purposes,
sterilization methods might alter the polymeric formulations. But most importantly,
the development of drug delivery systems for a specific organ requires that
scientists from multiple fields collaborate and bring the project up to the clinical
stage, knowing all the regulatory, manufacturing and medical issues.

What will be next? Drug delivery systems that have been evaluated since years will
finally cross the line of the clinical study, particularly the particulate systems
(nano-micelles, microparticles....) and the thermosensitive hydrogels. Combination
of complex surgical procedures with drug delivery systems allowing to improve the
visual outcomes of surgery and the local and targeted delivery of drugs and
proteins should be envisaged. Combination of chemical methods with physical
methods to activate locally the release of drug using light, ultrasound should be
better explored through multidisciplinary collaborations. With improved delivery
methods, many known drugs could be repurposed for the treatment of retinal
diseases. The actual generation of ophthalmologist have witnessed tremendous
improvements in the treatment of retinal diseases through the local delivery of
repurposed drugs (anti-VEGF used for cancer, glucocorticoids...). Such success has
prompted pharmaceutical industry to consider ophthalmology and more specifically
the retina as a priority, with new players entering in the field. It is expected that
the next generation of ophthalmologists will have multiple therapeutic options,
various drug release kinetics for different diseases as well as new drugs for
neurodegeneration, administered preventively using very long-lasting release of

low doses of drugs.
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Figure legend

Schematic representation of the eye and type of route of administration

ILM: Inner Limiting Membrane, GCL: Ganglion Cell Layer, INL: Inner nuclear layer,
ONL: Outer Nuclear layer, ELM: external limiting membrane, RPE: Retinal Pigment
Epithelium.

DDS: Drug Delivery System
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