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TREATMENT OF NEURODEGENERATIVE EYE DISEASE USING PRIDOPIDINE

This application claims the benefit of U.S. Provisional Application No. 62/299,290, filed

February 24, 2016, the entire contents of which are hereby incorporated by reference herein.

Throughout this application, various publications are referred to by first author and year of
publication. Full citations for these publications are presented in a References section
immediately before the claims. Disclosures of the publications cited in the References
section are hereby incorporated by reference in their entireties into this application in order to

more fully describe the state of the art as of the date of the invention described herein.

Background

Glaucoma is a group of ocular diseases characterized by progressive damage to the eye at
least partly due to elevated intraocular pressure (IOP) (Merck Manual of Diagnosis and
Therapy (1999)). Additionally, glaucoma is characterized by retinal ganglion cell (RGC)
death, axon loss and an excavated appearance of the optic nerve head (Alward 1998). The
classification of glaucoma includes several subtypes including for example, primary angle-
closure glaucoma, secondary open-angle glaucoma, steroid-induced glaucoma, traumatic
glaucoma, pigmentary dispersion syndrome, pseudoexfoliation syndrome, secondary angle-
closure glaucoma, neovascular glaucoma, uveitis, and glaucoma and other eye pathologies.
Other neurodegenerative diseases of the eye include different forms of macular degeneration,

retinitis pigmentosa and all types of optic neuropathy.

Glaucoma can be diagnosed before vision loss occurs by visual field testing and by
ophthalmoscopic examination of the optic nerve to detect "cupping." The mean IOP in
normal adults is 15 to 16 mm Hg; the normal range is 10 to 21 mm Hg. One form of
management of glaucoma is based on lowering the IOP using topically applied medications

(Coleman 1999).

Glaucomatous optic neuropathy appears to result from specific pathophysiological changes
and subsequent death of RGCs and their axons. The process of RGC death is thought to be
biphasic: a primary injury responsible for initiation of damage followed by a slower,
secondary degeneration attributable to the hostile environment surrounding the degenerating

cells (Kipnis et al. 2000). .
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The molecular mechanism triggering RGC death has not been identified. Deprivation of
neurotrophic factors, ischemia, chronic elevation of glutamate or amyloid beta oligomers and
disorganized nitric oxide metabolism are suspected to be possible mechanisms (Farkas et al.
2001). In addition, it is possible that the mechanisms leading to RGC death share common
features with other types of neuronal injury, such as signaling by reactive oxygen species,
depolarization of mitochondria, or induction of transcriptionally regulated cell death

(Weinreb et al. 1999).

Pridopidine

Pridopidine (formerly ACR16, Huntexil®) is a unique compound developed for the treatment
of patients with motor symptoms associated with Huntington’s disease. The chemical name
of pridopidine is 4-(3-(Methylsulfonyl)phenyl)-1-propylpiperidine, and its Chemical Registry
Number is CAS 346688-38-8 (CSID:7971505, 2016). The Chemical Registry number of
pridopidine hydrochloride is 882737-42-0 (CSID:25948790 2016). Processes of synthesis of
pridopidine and a pharmaceutically acceptable salt thereof are disclosed in U.S. Patent No.
7,923,459 and PCT Application Publication No. WO 2017/015609. U.S. Patent No.
6,903,120 claims pridopidine for the treatment of Parkinson's disease, dyskinesias, dystonias,
Tourette's disease, iatrogenic and non-iatrogenic psychoses and hallucinoses, mood and
anxiety disorders, sleep disorder, autism spectrum disorder, ADHD, Huntington's disease,
age-related cognitive impairment, and disorders related to alcohol abuse and narcotic

substance abuse.

The effects of pridopidine on neurodegenerative eye diseases, in particular glaucoma, have

not previously been reported.
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Summary of the Invention

The subject invention provides a method of treating a subject afflicted with a
neurodegenerative eye disease comprising administering to the subject an amount of

pridopidine effective to treat the subject.

The subject invention also provides a method of preventing or reducing retinal ganglion cell
damage or loss in a subject, comprising administering to the subject an amount of pridopidine

effective to prevent or reduce retinal ganglion cell damage or loss in the subject.

The subject invention provides a method of treating a subject afflicted with a
neurodegenerative eye disease comprising administering to the subject an amount of

pridopidine effective to provide neuroprotection to a retinal ganglion cell in the subject.
The subject invention also provides a package comprising:
a)  a first pharmaceutical composition comprising an amount of pridopidine; and

b) instructions for use of the pharmaceutical composition to treat a subject

afflicted with a neurodegenerative eye disease.

The subject invention also provides a therapeutic package for dispensing to, or for use in

dispensing to, a subject afflicted with a neurodegenerative eye disease, which comprises:

a) one or more unit doses, each such unit dose comprising an amount of
pridopidine thereof, wherein the amount of said pridopidine in said unit dose is

effective, upon administration to said subject, to treat the subject, and

b) a finished pharmaceutical container therefor, said container containing said unit
dose or unit doses, said container further containing or comprising labeling

directing the use of said package in the treatment of said subject.

The subject invention also provides a pharmaceutical composition comprising an amount of

pridopidine for treating a subject afflicted with a neurodegenerative eye disease.

The subject invention also provides a pharmaceutical composition comprising an amount of

pridopidine for use in treating a subject afflicted with a neurodegenerative eye disease.
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The subject invention also provides a pharmaceutical composition comprising pridopidine for
use in a combination therapy together with a pharmaceutical composition comprising a second

agent for the treatment of a neurodegenerative eye disease.

The subject invention also provides a pharmaceutical composition comprising an amount of
pridopidine for use in treating a subject afflicted with a neurodegenerative eye disease as an
add-on therapy or in combination with a second agent for the treatment of a

neurodegenerative eye disease.

The subject invention also provides a pharmaceutical composition in a unit dosage form,
useful in treating a subject afflicted with a neurodegenerative eye disease, which comprises
an amount of pridopidine or pharmaceutically acceptable salt thereof, wherein the amount of
said pridopidine in said composition is effective, upon administration to said subject of one or

more of said unit dosage forms of said composition, to treat the subject.

Further provided is pridopidine for use in treating a subject afflicted with a neurodegenerative

eye disease.

Provided herein is pridopidine for the manufacture of a medicament for use in treating a

subject afflicted with a neurodegenerative eye disease.
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Brief Description of the Figures

The figures are photographs of Brn-3a stained eye sections. In all the figures, the three upper
panels are representative sections of Brn-3a stained healthy eyes and the three lower panels

are representative sections of Brn-3a stained Hypertonic Saline injection (HSI) treated eyes.

Figure 1: Representative Immunostaining Images of Ganglion Cells Antibody: Brn-3a for

Group 1 —ddH20.

Figure 2: Representative Immunostaining Images of Ganglion Cells Antibody: Brn-3a for

Group 2 - pridopidine 3 mg/kg.

Figure 3: Representative Immunostaining Images of Ganglion Cells Antibody: Brn-3a for

Group 3 — pridopidine 30 mg/kg.

Figure 4: Representative Immunostaining Images of Ganglion Cells Antibody: Brn-3a for

Group 4 — pridopidine 60 mg/kg.
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Detailed Description of the Invention

The subject invention provides a method of treating a subject afflicted with a
neurodegenerative eye disease comprising administering to the subject. an amount of

pridopidine effective to treat the subject.

In one embodiment, the administration of pridopidine is effective to reduce or inhibit a

symptom of the neurodegenerative eye disease in the subject.

In an embodiment, the neurodegenerative eye disease is selected from the group consisting of

glaucoma, Age-related Macular Degeneration, optic neuropathy, and retinitis pigmentosa.

In one embodiment, the neurodegenerative eye disease is glaucoma. In another embodiment,
the neurodegenerative eye disease is Wet Age-related Macular Degeneration (“Wet AMD”)
or Dry Age-related Macular Degeneration (“Dry AMD”). In a further embodiment, t}}e

neurodegenerative eye disease is Leber hereditary optic neuropathy (LHON).
In one embodiment, the symptom is retinal ganglion cell damage or retinal ganglion cell loss.

In one embodiment, the method comprises reducing retinal ganglion cell loss or damage in

the subject.

In one embodiment, the amount of pridopidine is effective to reduce or prevent retinal ganglion
cell loss or damage in the subject. In another embodiment, the retinal ganglion cell loss is
reduced by at least 10%, by at least 20%, by at least 30%, by at least 40% or by at least 50%.
In a further embodiment, the retinal ganglion cell loss is reduced by more than 50%, more

than 60%, more than 70%, or more than 80%.

In one embodiment, treating comprises improving retinal ganglion cell viability in the patient

by more than 50%, more than 60%, more than 70%, or more than 80%.

In another embodiment, treating comprises reducing retinal ganglion cell loss in the patient by

more than 50%, more than 60%, more than 70%, or more than 80%.

The subject invention also provides a method of preventing or reducing retinal ganglion cell
damage or loss in a subject, comprising administering to the subject an amount of pridopidine
effective to prevent or reduce retinal ganglion cell damage or loss in the subject. In one

embodiment, the amount of pridopidine is effective to improve retinal ganglion cell viability in
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a subject. In another embodiment, the amount of pridopidine is effective to protect a retinal
ganglion cell from cell death in the subject. In some embodiments, the cell death is induced by

elevated intraocular pressure.

In another embodiment, treating comprises slowing progression of the neurodegenerative
disease of the eye in the subject. In some embodiments, the treating comprises slowing
progression of visual field loss towards blindness in a patient afflicted with glaucoma. In
some embodiments, treating comprises preventing blindness in a patient afflicted with

glaucoma.
In one embodiment, pridopidine is pridopidine hydrochloride.

For the methods and use disclosed herein, the route of administration can be, e.g., oral.
Routes of administration can also be classified by whether the effect is local (e.g., in topicalt
administration) or systemic (e.g., in enteral or parenteral administration). “Local
administration” as used herein shall mean administration of a compound or composition
directly to where its action is desired, and specifically excludes systemic administration.
“Topical administration” of a compound or composition as used herein shall mean
application of the compound or composition to body surfaces such as the skin or mucous
membranes such as eyes. “Ocular administration” as used herein shall mean application of a
compound or composition to the eye of a subject or to the skin around the eye (periocular
skin) or the mucosa around the eye, specifically the conjunctiva of a subject, i.e., local
administration. Examples of ocular administration include topical administration directly to
the eye, topical application to the eye lid or injection into a portion of the eye or eye socket.
In addition, an “ocular pharmaceutical composition” as used herein means a phamiaceutical
composition formulated for ocular administration. The amount of pridopidine and the
pharmaceutical compositions of the present invention. may be administered by oral
administration, topical administration, systemic administration, local administration, or ocular

administration.

In one embodiment, the pridopidine is administered via systemic administration. In some

embodiments, the pridopidine is administered via oral administration.

In another embodiment, the pridopidine is administered in the form of an aerosol, an inhalable

powder, an injectable, a liquid, a gel, a cream, a solid, a capsule or a tablet.



10

15

20

25

WO 2017/147366 8 PCT/US2017/019266

In one embodiment, the pridopidine is administered via local administration to the eye. In
another embodiment, the pridopidine is administered via topical administration. In a further
embodiment, the pridopidine is administered via intraocular, periocular, or ocular
administration. In some embodiments, the pridopidine is administered in the form of a liquid,

a gel, a cream or a contact lens.

In another embodiment, the pridopidine is administered directly to the eye of a subject, for
example as eye drops, an intraocular depot injection, eye gels, a tablet inserted into the
conjunctiva, or a lens loaded with pridopidine. In an embodiment, pridopidine hydrochloride is

administered to the eye of the subject.

In one embodiment, the pridopidine is part of a formulation suitable to be administered by
ocular drops. The ocular drops can be in the form of a liquid or a gel, preferably in the form of
a liquid. When pridopidine is administered topically in the form of a liquid or gel to the eye, a
lower amount of pridopidine is required to produce the same clinical effect as systemic

administration of pridopidine.

In one embodiment, the amount of pridopidine administered systemically is 22.5 mg/day-315
mg/day, 90 mg/day-315 mg/day, 90-250 mg/day, or 90-180 mg/day. In another embodiment,
the amount of pridopidine administered is about 22:5 mg/day, about 45 mg/day, about 67.5
mg/day, about 90 mg/day, about 100 mg/day, about 112.5 mg/day, about 125 mg/day, about
135 mg/day, about 150 mg/day, about 180 mg/day, about 200 mg/day, about 225 mg/day,
about 250 mg/day, or about 315 mg/day.

In one embodiment, the amount of pridopidine administered systemically in a dose is about
22.5 mg, about 45 mg, about 67.5 mg, about 90 mg, about 100 mg, about 112.5 mg, about
125 mg, about 135 mg, about 150 mg, about 180 mg, about 200 mg, about 250 mg, or about
315 mg.

In another embodiment, the pridopidine is administered directly to the eye of a subject. In some
embodiments, pridopidine is formulated for direct administration to the eye, for example
topical administration to the eye, for example as eye drops, and the pridopidine is prepared in a

dose range of 0.1 mg to 50 mg, or 0.2 mg to 20 mg.
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In one embodiment, the amount of pridopidine administered locally is 0.1 mg/day — 50 mg/day
or 0.2 mg/day — 20 mg/day. In another embodiment, the amount of pridopidine administered

locally in a dose is 0.1 mg — 50 mg or 0.2 mg — 20 mg,.
In one embodiment, pridopidine is administered periodically.
In one embodiment, pridopidine is administered daily.

In another embodiment, pridopidine is administered more often than once daily or less often
than once daily. In one embodiment, pridopidine is administered more often than once daily,
for example twice or thrice daily. In another embodiment, pridopidine is administered less often

than once daily, for example, every other day or weekly.

In one embodiment, the periodic administration of pridopidine continues for at least 3 days,
more than 30 days, more than 42 days, 8 weeks or more, at least 12 weeks, at least 24 weeks,
more than 24 weeks, or 6 months or more. In some embodiments, for example, in the
treatment of a subject with glaucoma, the treatment is a chronic treatment, with periodic
administration of pridopidine for more than 12 months, more than 18 months, more than 24

months.
In one embodiment, the subject is a human patient.

In one embodiment, the method further comprises the administration of a second agent for the

treatment of the neurodegenerative eye disease. In another embodiment, the second agent is a

~P-adrenergic antagonist, adrenergic agonist, parasympathomimetic agonist prostaglandin

analog, or carbonic anhydrase inhibitor.

In another embodiment, the second agent reduces elevated intraocular pressure in a subject.

In a further embodiment, the second agent is a prostaglandin agonist, a beta blocker, a
carbonic anhydrase inhibitor, an alpha agonist, or a combination thereof. In an additional
embodiment, the second agent is latanoprost, bimatoprost, travoprost ophthalmic,
unoprostone ophthalmic, tafluprost, Betaxolol ophthalmic, Carteolol, timolol, levobunolol,
metipranolol, Dorzolamide, brinzolamide, acetazolamide, methazolamide, brimonidine,

Apraclonidine, or a combination thereof.

In one embodiment, the subject is administered a fixed-dose combination comprising

pridopidine and the second agent.
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The subject invention also provides a package comprising:
a) a first pharmaceutical composition comprising an amount of pridopidine; and

b) instructions for use of the pharmaceutical composition to treat a subject

afflicted with a neurodegenerative eye disease.

In one embodiment, the package further comprising a second pharmaceutical composition
comprising an amount of a second agent for the treatment of a neurodegenerative eye disease,
wherein the instructions provide for use of the first and second pharmaceutical compositions

together to treat a subject afflicted with a neurodegenerative eye disease.

In one embodiment, the amount of pridopidine and the amount of the second agent are

prepared to be administered simultaneously, contemporaneously or concomitantly.

The subject invention also provides a therapeutic package for dispensing to, or for use in

dispensing to, a subject aftlicted with a neurodegenerative eye disease, which comprises:

a) one or more unit doses, each such unit dose comprising an amount of pridopidine
thereof, wherein the amount of said pridopidine in said unit dose is effective, upon

administration to said subject, to treat the subject, and

b) a finished pharmaceutical container therefor, said container containing said unit
dose or unit doses, said container further containing or comprising labeling

directing the use of said package in the treatment of said subject.

In one embodiment, the therapeutic package further comprising an amount of a second agent
for the treatment of the neurodegenerative eye disease, wherein the respective amounts of
said pridopidine and said second agent for the treatment of the neurodegenerative eye disease
in said unit dose are effective, upon concomitant administration to said subject, to treat the

subject.

The subject invention also provides a pharmaceutical composition comprising an amount of

pridopidine for treating a subject afflicted with a neurodegenerative eye disease.

The subject invention also provides a pharmaceutical composition comprising an amount of

pridopidine for use in treating a subject afflicted with a neurodegenerative eye disease.
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In one embodiment, the pharmaceutical composition further comprising an amount of a

second agent for the treatment of a neurodegenerative eye disease.

In one embodiment, the pridopidine and the second agent are prepared to be administered

simultaneously, contemporaneously or concomitantly.

The subject invention also provides a pharmaceutical composition comprising pridopidine for
use in a combination therapy together with a pharmaceutical composition comprising a second

agent for the treatment of a neurodegenerative eye disease.

The subject invention also provides a pharmaceutical composition comprising an amount of
pridopidine for use in treating a subject afflicted with a neurodegenerative eye disease as an
add-on therapy or in combination with a second agent for the treatment of a

neurodegenerative eye disease.

In one embodiment, the amount of pridopidine in the pharmaceutical composition is about 22.5
mg, about 45 mg, about 67.5, mg, about 90 mg, about 100 mg, about 112.5 mg, about 125 mg,
about 135 mg, about 150 mg, about 180 mg, about 200 mg, about 250 mg, or about 315 mg.

In one embodiment, the amount of pridopidine in the pharmaceutical composition is 0.1 mg to

50 mg, or 0.2 mg to 20 mg.

The subject invention also provides a pharmaceutical composition in a unit dosage form,
useful in treating a subject afflicted with a neurodegenerative eye disease, which comprises
an amount of pridopidine or pharmaceutically acceptable salt thereof, wherein the amount of
said pridopidine in said composition is effective, upon administration to said subject of one or

more of said unit dosage forms of said composition, to treat the subject.

The invention also provides an ocular pharmaceutical composition comprising an amount of
pridopidine and a pharmaceutically acceptable excipient suitable for administration to the

eye.

In one embodiment, the ocular pharmaceutical composition further comprising a second
agent for the treatment of the neurodegenerative eye disease. In one embodiment, the second

agent for the treatment of the neurodegenerative eye disease is an antiglaucoma agent.
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In another embodiment, the amount of pridopidine in the ocular pharmaceutical composition is

0.1 mg to 50 mg, or 0.2 mg to 20 mg.

In one embodiment, the ocular pharmaceutical composition is in the form of a liquid. In
some embodiments, the concentration of pridopidine in the ocular pharmaceutical
composition is from 0.0001 to 10.0 w/v %, 0.001 to 5 w/v %, 0.01 to 1 w/v %, 0.1% to 10

w/v % .

The invention also provides the ocular pharmaceutical composition for use in treating a

neurodegenerative eye disease in a subject.

The invention further provides an eye drop comprising the pharmaceutical composition. The
invention additionally provides a container comprising eye drops and the pharmaceutical

composition.

The invention also provides an eye drop or a container comprising eye drops for use in the

methods of this invention.

Further provided is pridopidine for use in treating a subject afflicted with a neurodegenerative

eye disease.

Provided herein is pridopidine for the manufacture of a medicament for use in treating a

subject afflicted with a neurodegenerative eye disease.
Terms

As used herein, and unless stated otherwise, each of the following terms shall have the

definition set forth below.

As used herein, “pridopidine” means pridopidine base or a pharmaceutically acceptable salt
thereof, as well as derivatives, for example deuterium-enriched version of pridopidine and

salts.

A “salt thereof” is a salt of the instant compounds which have been modified by making acid
or base salts of the compounds. The term “pharmaceutically acceptable salt” in this respect,
refers to the relatively non-toxic, inorganic and organic acid or base addition salts of
compounds of the present invention. For example, one means of preparing such a salt is by

treating a compound of the present invention with an inorganic base.
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"A neurodegenerative eye disease" as used herein is a disease which involves degeneration of
neurosensory cells in the eye and/or of the optic nerve, including specifically retinal cells
and/or their axons. Neurosensory cells include retinal ganglion cells, retinal pigment
epithelium cells, cones, rods, and all other neuronal or glial cell types of the retina.
Neurodegenerative eye diseases are exemplified by glaucoma, age-related macular
degeneration (AMD), including wet and dry AMD, all variants of retinitis pigmentosa, optic
neuropathy, including but not limited to ischemic optic neuropathy (ION), hereditary Leber
hereditary optic neuropathy (LHON), and retinopathies including for example Stargardt's

retinopathy.

In some embodiments, the neurodegenerative eye disease is glaucoma, including all clinical
forms of glaucoma, for example, primary glaucoma or secondary glaucoma. A primary
glaucoma is for example, primary open angle glaucoma (POAG), normal-tension glaucoma
(NTG), primary angle-closure glaucoma (PACG), acute angle-closure glaucoma (AACG) and
angle-closure glaucoma (ACG). A secondary glaucoma is for example, pseudoexfoliation
glaucoma, pigmentary glaucoma, neovascular glaucoma, steroid-induced glaucoma, and

treatment refractory glaucoma.

As used herein, an “amount” or “dose” of pridopidine as measured in milligrams refers to the
milligrams of pridopidine (4-[3-(methylsulfonyl)phenyl]-1-propyl-piperidine) present in a
preparation, regardless of the form of the preparation. For example, a unit dose containing
“90 mg pridopidine” means the amount of pridopidine in a preparation is 90 mg, regardless of
the form of the preparation. Thus, when in the form of a salt, e.g. pridopidine hydrochloride,
the weight of the salt form necessary to provide a dose of 90 mg fﬁridopidine would be greater

than 90 mg due to the presence of the salt.

I <&

As used herein, a “unit dose”, “unit doses” and “unit dosage form(s)” mean a single drug

administration entity/entities.

As used herein, “about” in the context of a numerical value or range means £10% of the

numerical value or range recited or claimed.

As used herein, “effective” when referring to an amount of pridopidine refers to the quantity
of pridopidine that is sufficient to yield a desired thberapeutic response. Efficacy can be

measured by e.g., a reduced retinal ganglion cell loss or damage.
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“Administering to the subject” or “administering to the (human) patient” means the giving of,
dispensing of, or application of medicines, drugs, or remedies to a subject/patient to relieve,
cure, or reduce the symptoms associated with a condition, e.g., a pathological condition. The
administration can be periodic administration. As used herein, “periodic administration”
means repeated/recurrent administration separated by a period of time. The period of time
between administrations is preferably consistent from time to time. Periodic administration
can include administration, e.g., once daily, twice daily, three times daily, four times daily,

weekly, twice weekly, three times weekly, four times weekly and so on, etc.

As used herein, “a pharmaceutically acceptable excipient suitable for administration to the
eye” includes any excipient that is known to be or expected to be suitable for administration

directly to the eye.

Excipients (or additives) that are usually used in formulating ocular drops can be used together
with pridopidine. Excipients may include preservatives, including quaternary ammonium salts
such as benzalkonium chloride, benzethonium chloride and the like; cationic compounds such
as chlorhexidine gluconate and the like; p-hydroxybenzoates such as methyl p-
hydroxybenzoate, propyl p-hydroxybenzoate and the like; alcohol compounds such as
chlorobutanol, benzyl alcohol and the like; sodium dehydroacetate; thimerosal; sorbic acid; and
the like (U.S. Patent No. 6,114,319). The formulation suitable to be administered by ocular
drops may include a buffer, such as acetates such as sodium acetate and the like, phosphates
such as sodium dihydrogenphosphate, disodium hydrogenphosphate, potassium
dihydrogenphosphate, dipotassium hydrogenphosphate and the like, aminocaproic acid, amino
acid salts such as sodium glutamate and the like, boric acid and salt thereof, citric acid and salt
thereof, and the like (U.S. Patent No. 6,114,319). The formulation suitable to be administ‘ered
by ocular drops may include excipients, such as a stabilizer, an antioxidant, a pH adjusting
agent, a chelating agent, a thickener and the like (U.S. Patent No. 6,114,319). Examples of the
antioxidant include ascorbic acid and salt thereof, sodium thiosulfate, sodium hydrogensulfite,
tocopherol, sodium thiosulfate, sodium hydrogensulfite, pyruvic acid and salt thereof, and the
like (U.S. Patent No. 6,114,319). Examples of chelating agent include sodium edetate, citric
acid and salt thereof, and the like (U.S. Patent No. 6,114,319). Examples of the pH adjusting
agent include hydrochloric acid, phosphoric acid, acetic acid, sodium hydroxide, sodium
hydrogencarbonate, potassium hydroxide, sodium carbonate, sulfuric acid, aqueous ammonia

and the like (U.S. Patent No. 6,114,319). The pH of the formulation suitable for administration



10

15

20

25

30

WO 2017/147366 15 PCT/US2017/019266

by ocular drops may be at any point within an ophthalmologically acceptable range, for
example, between pH 5.0 and pH 8.0. When pridopidine is to be administered by ocular drops
or eye drops, it is preferable to prepare the formulation so that the concentration of pridopidine

is from 0.0001 to 10.0 w/v %.

Pharmaceutically Acceptable Salts

The active compounds for use according to the invention may be provided in any form
suitable for the intended administration. Suitable forms include pharmaceutically (i.e.
physiologically) acceptable salts, and pre- or prodrug forms of the compound of the

invention.

Examples of pharmaceutically acceptable salts include, without limitation, the non-toxic
inorganic and organic acid addition salts such as the hydrochloride, the hydrobromide, the
nitrate, the perchlorate, the phosphate, the sulphate, the formate, the acetate, the aconate, the
ascorbate, the benzenesulphonate, the benzoate, the cinnamate, the citrate, the embonate, the
enantate, the fumarate, the glutamate, the glycolate, the lactate, the maleate, the malonate, the
mandelate, the methanesulphonate, the naphthalene-2-sulphonate, the phthalate, the
salicylate, the sorbate, the stearate, the succinate, the tartrate, the toluene-p-sulphonate, and

the like. Such salts may be formed by procedures well known and described in the art.

Pharmaceutical Compositions

While the compounds for use according to the invention may be administered in the form of
the raw compound, it is preferred to introduce the active ingredients, optionally in the form of
physiologically acceptable salts, in a pharmaceutical composition together with one or more
adjuvants, excipients, carriers, buffers, diluents, and/or other customary pharmaceutical

auxiliaries.

In an embodiment, the invention provides pharmaceutical compositions comprising the active
compounds or pharmaceutically acceptable salts or derivatives thereof, together with one or
more pharmaceutically acceptable carriers therefore, and, optionally, other therapeutic and/or
prophylactic ingredients know and used in the art. The carrier(s) must be “acceptable” in the
sense of being compatible with the other ingredients of the formulation and not harmful to the

recipient thereof.

General techniques and compositions for making dosage forms useful in the present invention
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are described in the following references: 7 Modern Pharmaceutics, Chapters 9 and 10
(Banker & Rhodes, Editors, 1979); Pharmaceutical Dosage Forms: Tablets (Lieberman et al.,
1981); Ansel, Introduction to Pharmaceutical Dosage Forms 2nd Edition (1976); Remington's
Pharmaceutical Sciences, 17th ed. (Mack Publishing Company, Easton, Pa., 1985); Advances
in Pharmaceutical Sciences (David Ganderton, Trevor Jones, Eds., 1992); Advances in
Pharmaceutical Sciences Vol 7. (David Ganderton, Trevor Jones, James McGinity, Eds.,
1995); Aqueous Polymeric Coatings for Pharmaceutical Dosage Forms (Drugs and the
Pharmaceutical Sciences, Series 36 (James McGinity, Ed., 1989); Pharmaceutical Particulate
Carriers: Therapeutic Applications: Drugs and the Pharmaceutical Sciences, Vol 61 (Alain
Rolland, Ed., 1993); Drug Delivery to the Gastrointestinal Tract (Ellis Horwood Books in the
Biological Sciences. Series in Pharmaceutical Technology; J. G. Hardy, S. S. Davis, Clive G.
Wilson, Eds.); Modern Pharmaceutics Drugs and the Pharmaceutical Sciences, Vol. 40
(Gilbert S. Banker, Christopher T. Rhodes, Eds.). These references in their entireties are

hereby incorporated by reference into this application.

“Treating” as used herein encompasses, e.g., inducing inhibition, regression, or stasis of a
disease or disorder, e.g., glaucoma, or alleviating, lessening, suppressing, inhibiting, reducing
the severity of, eliminating or substantially eliminating, or ameliorating a symptom of the
disease or disorder. Treatment further comprises providing neuroprotection to an ocular cell,
for example a retinal ganglion cell in a subject. The "neuroprotective” activity of pridopidine

is disclosed herein. Neuroprotection comprises protection of neurons, for example RGC, from

" injury or death or b) improvement of neuronal function for example of RGC. As used herein,

"neuroprotection” refers to reducing, preventing, attenuating and/or reversing progression of
neurodegeneration. As used herein, "neurodegeneration” refers to the progressive loss of

neurons, for example RGC, by injury or death.

“Inhibition” of disease progression or disease complication in a subject means preventing or

reducing the disease progression and/or disease complication in the subject.

A “symptom” associated with glaucoma includes any clinical or laboratory manifestation

associated with glaucoma and is not limited to what the subject can feel or observe.

As used herein, a subject "afflicted" with glaucoma means the subject has been diagnosed

with glaucoma.
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As used herein, a subject at “baseline” is as subject prior to administration of pridopidine in a

therapy as described herein.

A “pharmaceutically acceptable carrier” refers to a carrier or excipient that is suitable for use
with humans and/or animals without undue adverse side effects (such as toxicity, irritation,
and allergic response) commensurate with a reasonable benefit/risk ratio. It can be a
pharmaceutically acceptable solvent, suspending agent or vehicle, for delivering the instant

compounds to the subject.

It is understood that where a parameter range is provided, all integers within that range, and
tenths thereof, are also provided by the invention. For example, “0.1 mg - 40.0 mg” includes

0.1 mg, 0.2 mg, 0.3 mg, 0.4 mg, etc. up to 40.0 mg.

As used herein, a “fixed-dose combination” or “fixed-dosage combination” refers to a
medicament which comprises two active agents. Typically, the two agents are very difficult to
separate by means readily available to patients. Non-limiting examples include tablets, pills, or

solutions comprising two agents.

In thivs application, when a Comparative term is used, such as “the retinal ganglion cell loss is
reduced by at least 10% in a subject” the comparison is relative to a subject afflicted with an
analogous disease for example the control subject in a prior relevant clinicall study, and not to a
healthy subject. For example, the retinal ganglion cell loss may be compared to the average
retinal ganglion cell loss in similarly diseased subjects without treatment with pridopidine.
Thus, the comparison value may be obtained by reference to the placebo group of a clinical

study.

The combination of the invention may be formulated for its simultaneous, separate or
sequential administration, with at least a pharmaceutically acceptable carrier, additive,
adjuvant or vehicle as described herein. Thus, the combination of the two active compounds

may be administered:

e as a combination that is part of the same medicament formulation, the two active

compounds are then administered simultaneously, or

e as a combination of two units, each with one of the active substances giving rise to the

possibility of simultaneous, sequential or separate administration.
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As used herein, “concomitant administration” or administering “concomitantly” means the
administration of two agents given in close enough temporal proximately to allow the

individual therapeutic effects of each agent to overlap.

As used herein, “add-on” or “add-on therapy” means an assemblage of reagents for use in
therapy, wherein the subject receiving the therapy begins a first treatment regimen of one or
more reagents prior to beginning a second treatment regimen of one or more different
reagents in addition to the first treatment regimen, so that not all of the reagents used in the
therapy are started at the same time. For example, adding pridopidine therapy to a glaucoma

patient already receiving therapy with IOP reducing eye drops.

For the foregoing embodiments, each embodiment disclosed herein is contemplated as being
applicable to each of the other disclosed embodiments. For instance, the elements recited in
the method embodiments can be used in the pharmaceutical composition, package, and use

embodiments described herein and vice versa.

This invention will be better understood by reference to the Experimental Details which
follow, but those skilled in the art will readily appreciate that the specific experiments
detailed are only illustrative of the invention as described more fully in the claims which

follow thereafter.

Experimental Details

Example 1: Assessment of The Neuroprotective Efficacy of Pridopidine For The Retinal

Ganglion Cell (RGC) Survival in a Rat Glaucoma Model

The purpose of this study is to assess the efficacy of pridopidine in protecting against chronic
ocular hypertension (OHT) and/or RGC degeneration in a rat glaucoma model. Intraocular
pressure (IOP) is created by injecting hypertonic saline into the episcleral veins in one eye of
the Brown Norway rat. In this model ("Morrison model"), RGC degeneration occurs in
response to increased IOP and chronic ocular hypertension (OHT) similar to the etiology in

certain human patients with glaucoma.

The study includes 4 groups (n=8-11 each): Group 1 (3mg/kg oral pridopidine daily, n=8),
Group 2 (30mg/kg oral pridopidine daily n=9), Group 3 (60mg/kg oral pridopidine daily
n=10), and Group 4 (vehicle, n=11).
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MATERIALS
Test Article: Pridopidine Hydrochloride in water solution.
Control Article: 0% Pridopidine Hydrochloride in water solution.
ANIMALS

Number and Species: The study and outline-specified data are collected from Brown Norway
rats (Rattus norvegicus). Rats have been used historically in the OHT models and there are no

other approved alternative preclinical methods.

Sex: male, Weight/Age Range: approximately 225-450 grams and at least 12 weeks old
(adult) weighed to nearest 0.1 g.

PROCEDURE

The control or test article was administered orally to four groups of 8-11 animals.
Pre-Dose Administration and Selection of Animals:

Clinical observations were performed daily. Animals are weighed weekly prior to initiation

of dosing.
Ophthalmic Examinations:

Animals selected for the study were examined prior to the initial administration of the test or
the control articles to ensure that both eyes are free of abnormality, damage, and disease. The
anterior segment evaluation of both eyes in all animals was performed and scored following
Combined Draize and McDonald-Shadduck Scoring Systems. The posterior segment.
evaluation was performed following Posterior Segment Scoring Scale for ocular lesions.
Only rats showing no signs of eye irritation, ocular defects, or pre-existing corneal injury

were used in the study.
Intraocular Pressure (IOP) Measurements.

IOP was measured in wakeful animals from both eyes using a Tono—Pen Vet tonometer
(Reichert, Inc.; Depew, NY). Ten (10) IOP readings were recorded from each eye and

averaged. IOP measurements were taken around the same time (e.g., between 10 a.m. and 2
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p.m.) across measurement time-points to minimize the circadian variability of IOP. The
baseline IOP measurement was performed at Week -2 (pre-dose) (IOP-1). Corneas were
topically anaesthetized with 0.5% proparacaine HCl ophthalmic solution before the 1I0OP

measurements.
HSI Procedure:

The glaucoma model was created in one eye per animal through Hypertonic Saline injection
(HSTI) into the episcleral veins, one injection per week for two weeks (at Weeks -2 and -1) in
the same eye in the study. HSI was performed under a surgical microscope. An upper or
lower episcleral vein was exposed in the OHT eye and an occluder ring was placed around
the eye to isolate an episcleral vein. Fifty to five-hundred micro-liters (50-500 pL) of micro-
filtered Hypertonic Saline solution (NaCl, 1.8-2.0M) was injected using an Infusion Pump
(Lomir Biomedical; Malone, NY) into the limbal vascular plexus via the episcleral vein in the
OHT eye. Ifused, the occluder ring was removed shortly after the saline injection. At least
one week after the first HSI (at Week-2), a second HSI was performed in another episcleral
vein on the same eye (at Week-1). The eye with hypertonic saline injections was designated

as the OHT eye and the contralateral eye was designed as the non OHT eye.
Animal Sedation:

Animals were sedated with appropriate anesthesia using 40-80 mg/kg Ketamine and 5-10
mg/kg Xylazine (Intramuscular or Intraperitoneal injection), or 1-3% Isoflurane (Inhalation)
before HSI. The surface of the eyes was treated with 0.5% erythromycin or appropriate
ophthalmic ointment or balanced salt solution (BSS) during HSI. During animal sedation, the
eyes were kept moist to avoid drying out. Animals were kept warm until they woke up and
were returned to cages. Animals were treated with Buprenorphine 0.02-0.1 mg/kg every 8 to

12 hours (SQ or IM) twice per treatment (24 hours) and treatment was extended as needed.

Dose Administration:

Rats were separated in 4 groups. Animals in each group received one of the four following

articles during the study:
group 1: Control solution (vehicle)

group 2: 3mg/kg oral pridopidine daily
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group 3 30mg/kg oral pridopidine daily
group 4: 60mg/kg oral pridopidine daily

Rats were dosed orally daily approximately between 8 a.m. and 10 a.m., starting on the day
of the first HSI until euthanasia, which was the last day of dosing. The volume for each oral

dose was 1 mL.

Post-Dose Procedures:

Clinical observations were performed at least once daily. Additionally, daily cage-side
clinical observations included, but were not limited to, changes in the skin, fur, eyes and
mucous membranes, respiratory system, circulatory system, autonomic central nervous
system, somatomotor activity, locomotor activity, and behavior pattern. Particular attention
was directed to observations of central nervous system signs (seizures, tremors, salivation),

hypersensitivity, and changes in feces and/or the presence of diarrhea.
Moribund and Dead Animals:

Animals were observed once daily for moribundity/mortality as part of the clinical
observations. Animals whose condition makes it unlikely that they will survive until the next

observation were to be humanely euthanized and necropsied and eyeballs collected.

Measurements and Criterion:

Animals were weighed weekly and prior to euthanasia. Both eyes were examined weekly
and prior to euthanasia as described above in the section titled Ophthalmic Examinations.
IOP measurements were taken once weekly starting one week after the second HSI and prior
to euthanasia as described above in the section entitled IOP Measurements. In total, eight (8)
time pbints were taken (IOP-2-IOPS5) post HSI administration. Each IOP measurement was

performed at approximately the same time each day.
Sacrifice:

Animals were euthanized by carbon dioxide inhalation at the end of the study. Both eyes

were immediately enucleated after animals were sacrificed.
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Preparation of Retinas:

Both eyes were fixed in 4% paraformaldehyde fixative at 4 + 2 °C for at least 24 hours.
Retinas were dissected and kept in phosphate buffered saline (PBS) until

immunohistofluorescence.
Immunohistofluorescence:

Retinas were permeabilized in PBS-0.5% Triton X-100 by freezing at 70 + 12°C for at least
1 hour, rinsed in fresh PBS-0.5%Triton X-100 and incubated overnight at 4 + 2 °C with the
appropriate primary antibody (Brn-3a (14A6): Santa Cruz Biotechnology catalog #sc-8429;
an RGC marker, Pezda, 2005) diluted in blocking buffer (PBS, 2% normal donkey serum, 2%
Triton X-100). Retinas were washed three times in PBS 0.5% Triton X-100 and incubated at
room temperature for 2-4 hours with fluorescence conjugated-secondary antibodies (anti-
mouse IgG (H+L), Alexa Fluor 594, #A21203) diluted in blocking buffer. Finally, after
washing in PBS-0.5% Triton X-100 at least 3 times, retinas were rinsed and kept in PBS at 4

+ 2 °C for further processing.
Whole Retinal Flat Mounting:

After Immunohistofluorescence staining, four (4) radial cuts were made in the retina, and
retinae were flat mounted with anti-fading solution. The slides were kept at 4 + 2 °C till

visualization and imaging.
RGC Visualization and Imaging:

The stained RGCs in the retinas were visualized and evaluated by fluorescence microscopic
examination. The stained RGCs were imaged and two areas (one medial, one distal), which
are an appropriate distance away from the center of the optic nerve head, are selected in each
retinal\ quadrant (8 regions per retina are taken). The images of the RGCs were saved for

further RGC calculation.
RGC Calculation:

The stained RGCs were counted using the image analysis software Image J. The number of

RGCs are expressed in the cell number per mm?2.
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EVALUATION CRITERIA

The results of the study were considered in terms of the in-life and post in-life observations

and any microscopic observations.
1OP Criterion:

For each time-point following the second HSI, the IOP elevation was calculated as the
difference between the level in the OHT eye and that in the normal eye (non-OHT eye) or the
difference IOP (AIOP). Data was analyzed and reported for rats which did not have
individual IOP measurements of greater than or equal to 50 mmHg in the OHT eyes. When
AIOP per animal was equal to or greater than 6 mmHg, OHT was created in the animal and
the animal is placed into the study. Otherwise, the animal was to be removed from the study.
A total of three animals were excluded due to low IOP following the HSI procedure; one

from each of the vehicle group, the 3 mg/kg group and the 60 mg/kg groﬁp.

The AIOPs of the four (4) post-dose administration IOP measurements (IOP-2-I0P-5) were
averaged and constituted the Mean AIOP for each animal. For each group, eight (8) animals
with a sustained IOP elevation in the OHT eye were selected from a larger pool and groups
are matched for the Mean AIOP. Only animals with reduced IOP were evaluated for

neurodegeneration. Other animals were removed from the study.

Data was analyzed and reported for rats which do not have individual IOP measurements of
greater than 50 mmHg in the OHT eyes. If an individual IOP measurement in the OHT eyes

was greater than 50 mmHg, the animal was to be removed from the study.

Percent (%) RGC loss in the OHT retinas was calculated in comparison to the RGC counts in
the Non-OHT retina of the same animal using the following formula: [100- (100 X OHT/
Non-OHT Mean RGC Counts per Retina)]. The RGC counts in each Non-OHT retina were
considered 100% for that animal. Animals in the vehicle control group had at least 20% loss

(43% see table 1, below), thereby validating the model.

Data Analysis:

Initially One-Way ANOVA was used to address statistically significant differences among
groups. In the event there was statistical significance, data of the test groups was further

compared with the data of the control group using Dunnett’s multiple comparison tests.
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Additional or alternative statistical tests may be performed. Any differences between control
and test animals was considered statistically significant only if the probability of the
differences being due to chance was equal to or less than 5% (p<0.05; two-tailed). Statistical
analysis was performed using Minitab, Minitab Inc, Stat College, PA. Any significant
difference was further assessed for biological relevance by comparison to the literature and

historical data.

RESULTS/CONCLUSION

A pilot study was performed for 14 days with highest dose of pridopidine to assess the effect

of pridopidine on intraocular pressure. Pridopidine itself did not reduce IOP.

In the primary study, pridopidine treatment started at the day of HSI and continued for 41

days. IOP was measured weekly to make sure it sustained.

On day 41, rats were sacrificed and retina (from both eyes) were fixed. The number of RGC
were counted in 8 histological sections for each retina. The results, as measured by % of

retinal ganglion cell loss are presented in Table 1 and in Figures 1-4.

Retinal images were evaluated by confocal fluorescence microscopic examination. Number
of viable RGC (stained with anti Brn-3a) were counted. Percent RGC loss in the OHT retinae
was calculated in comparison to the RGC counts in the non-OHT retinac of the same animal
using the following formula: (100-(100X OHT/ non-OHT Mean RGC counts per retina)).

The RGC counts in each non-OHT retina were considered as 100% for that animal.

In Figure 1, in the diseased eye (lower panel) there are significantly less viable cell (bright
dots) counts than in the healthy eyes (upper panels). There was a 43% RGC loss in the HSI
treated eye compared to the healthy eyes.

In Figure 2, in the diseased eyes (lower panel) treated with low pridopidine treatment there is

only 25% RGC loss.

In Figure 3, in the diseased eyes (lower panel) treated with 30 mg/kg pridopidine there is only
21% RGC loss. |

In Figure 4, in the diseased eyes (lower panel) treated with 60 mg/kg pridopidine there is only
7% RGC loss.
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Table 1: Mean RGC loss (%) per group.

Group Mean RGC STDEV # of animals per | T-TEST
loss (%) per group
group
vehicle 43% 19 11
Pridopidine 3 mg/kg | 25% 21 8 0.068
Pridopidine 30 mg/kg | 21% 18 9 0.019
Pridopidine 60 mg/kg | 7% 30 10 0.005

The data shows good neuroprotection of RGC with 3, 30 and 60 mg/kg pridopidine, and
statistically significant neuroprotection of RGC with 30 and 60 mg/kg pridopidine.

Pridopidine showed a positive effect in the rat glaucoma model.

As compared to the control group rats, the rats receiving pridopidine (via oral administration)

exhibited, improved RGC viability, and reduced RGC loss.

In addition, the histological examination of the optical nerve showed significantly less axonal

degeneration in rats treated with pridopidine. The retinal ganglion cells' axons, which form the

optic nerve, degenerate as a consequence of the death of the retinal ganglion cells. As more

RGC die, more axons die which leads to the optic nerve becoming more atrophic.

Pridopidine had no effect on intraocular pressure. Pridopidine treated animals exhibited
significantly increased viability of the RGCs and reduced RCG loss in a dose-dependent

manner.

Pridopidine shows a positive effect in the rat glaucoma model in Example 1, supra. As
compared to the control group rats, exhibiting 43% RGC loss, the rats receiving pridopidine
(3, 30 and 60 mg/kg via oral administration), exhibit 24%, 21% and 7% RGC loss
respectively. RGC loss in the model was significantly improved with treatment of

Pridopidine at 30 mg/kg (p<0.05) and at 60 mg/kg (p<0.01).
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Example 2: Topical Administration of Pridopidine

The Rat Glaucoma Model of Example 1 is performed as described above with the exception
that pridopidine is topically administered to the HSI treated eye of the rats of groups 2, 3, and
4 instead of orally administered. The amount of pridopidine administered to rats in group 4
is greater than the amount of pridopidine administered in group 3 and the amount of
pridopidine administered to rats in group 3 is greater than the amount of pridopidine
administered to rats in group 2. Similar to Example 1, no pridopidine is administered to rats
in group 1. Pridopidine significantly increases viability of the RGCs and reduces RCG loss

in a dose-dependent manner in groups 2, 3 and 4 compared to group 1.

Example 3;: Combination Therapy

The Rat Glaucoma Model of Example 1 is performed as described above with the exception
that in addition to oral pridopidine, rats in each of Groups 1, 2, 3 and 4 are also treated with
IPO reducing eye drops daily approximately between 8 am. and 10 a.m., starting on the day
of the first HSI until euthanasia, which is the last day of dosing. This periodic administration
of pridopidine in combination with IPO reducing eye drops to rats in this model provides
increased efficacy (provides at least an additive effect or more than an additive effect) in
treating the rats than when pridopidine is administered alone or when the IPO reducing eye
drops are administered alone (at the same dose). The combination therapy also provides
efficacy (provides at least an additive effect or more than an additive effect) in treating the

rats without undue adverse side effects or affecting the safety of the treatment.

The combination therapy provides a clinically meaningful advantage and is more effective
(provides at least an additive effect or more than an additive effect) in treating the patient than
when pridopidine or IPO reducing eye drops are administered alone (at the same dose) in the

following manner:

1. The combination therapy is more effective (provides an additive effect or more than an

additive effect) in increasing viability of the RGCs in groups 2, 3 and 4 compared to group 1.

2. The combination therapy is more effective (provides an additive effect or more than an

additive effect) in reducing RCG loss in groups 2, 3 and 4 compared to group 1.
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Example 4: Assessment of efficacy of pridopidine for treating patients afflicted with glaucoma

Long-term (e.g., daily or twice daily) administration of pridopidine (oral) is effective in
treating human patients with glaucoma. Long-term (e.g., daily or twice daily) administration of

pridopidine is effective to reduce a glaucoma-associated symptom in the subject.

A pridopidine composition as described herein is administered systemically to a subject or
topically to the eye to of a subject suffering from glaucoma. The administration of the
composition is effective to treat the subject suffering from glaucoma. The administration of
the composition is also effective to reduce a glaucoma-associated symptom of glaucoma in
the subject. The administration of the composition is effective to reduce RGC damage and/or

RGC loss, and prevents (partly) a further shrinking of the visual filed in the subject.

Example 5: Assessment of efficacy of pridopidine for treating patients afflicted with dry age-

related Macular Degeneration (AMD)

Long-term (e.g., daily or twice daily) administration of pridopidine (oral) is effective in
treating human patients with dry AMD. Long-term (e.g., daily or twice daily) administration of
pridopidine is effective to reduce a dry AMD-associated symptom in the subject, for example
visual acuity. The decline of visual acuity that finally leads to functional blindness of the
patients is attenuated or stopped. In some patients, visual acuity is partly restored. The
pathological correlation for the decline of visual acuity is the progressive expansion of the
degenerated area of the retina (i.e., geographic atrophy), specifically in the macula. The
significantly reduced progression of the degenerative area is monitored with, for example, a

computer-assisted fluorescence technique.

A pridopidine composition as described herein is administered systemically to a subject or
topically to the eye of a subject suffering from dry AMD. The administration of the
composition is effective to treat the subject suffering from dry AMD. The administration of
the composition is also effective to reduce a dry AMD-associated symptom of dry AMD in

the subject and to avoid progression of the dry form of AMD to the late stage wet form.

Example 6: Assessment of efficacy of pridopidine for treating patients afflicted with wet age-

related Macular Degeneration (AMD)
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Long-term (e.g., daily or twice daily) administration of pridopidine (oral) is effective in
treating human patients with wet AMD. Long-term (e.g., daily or twice daily) administration
of pridopidine is effective to reduce wet AMD-associated symptoms in the subject and

improve eye-sight.

A pridopidine composition as described herein is administered systemically to a subject or
topically to the eye of a subject suffering from wet AMD. The administration of the
composition is effective to treat the subject suffering from wet AMD. The administration of
the composition is also effective to reduce a wet AMD-associated symptom of wet AMD in

the subject.

Example 7; Assessment of efficacy of pridopidine for treating patients afflicted with retinitis

pigmentosa

Periodic (e.g., daily or twice daily) administration of pridopidine (oral) is effective in treating
human patients with retinitis pigmentosa. Periodic (e.g., daily or twice daily) administration of

pridopidine is effective to reduce a retinitis pigmentosa-associated symptom in the subject.

A pridopidine composition as described herein is administered systemically to a subject or
topically to the eye of a subject suffering from retinitis pigmentosa. The administration of the
composition is effective to treat the subject suffering from retinitis pigmentosa. The
administration of the composition 1s also effective to reduce a retinitis pigmentosa-associated

symptom of retinitis pigmentosa in the subject.

Example 8: Assessment of efficacy of pridopidine for treating patients afflicted with optic

neuropathy

Long-term (e.g., daily or twice daily) administration of pridopidine (oral) is effective in
treating human patients with optic neuropathy. Long-term (e.g., daily or twice daily)
administration of pridopidine is effective to reduce an optic neuropathy-associated symptom in

the subject.

A pridopidine composition as described herein is administered systemically to a subject or
topically to the eye of a subject suffering from optic neuropathy. The administration of the

composition is effective to ftreat the subject suffering from optic neuropathy. The
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administration of the composition is also effective to reduce an optic neuropathy-associated

symptom of optic neuropathy in the subject.

Treatment of a subject afflicted with Leber's hereditary optic neuropathy with pridopidine in

the manner of this example results in an analogous outcome.

In any of the examples listed above, pridopidine may be administered locally, i.e. by eye drops

directly to the eye, and analogous results are obtained.
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What is claimed is:

1. A method of treating a subject afflicted with a neurodegenerative eye disease
comprising administering to the subject an amount of pridopidine effective to treat the

subject.

2. The method of claim 1, wherein the administration of pridopidine is effective to reduce

or inhibit a symptom of the neurodegenerative eye disease in the subject.

3. The method of claim 1 or 2, wherein the neurodegenerative eye disease is selected
from the group consisting of glaucoma, Age-related Macular Degeneration, optic

neuropathy, and retinitis pigmentosa.

4. The method of claim 3, wherein the neurodegenerative eye disease is Wet Age-related
Macular Degeneration (“Wet AMD”) or Dry Age-related Macular Degeneration
(“Dry AMD?”).

5. The method of claim 3, wherein the neurodegenerative eye disease is Leber hereditary

optic neuropathy.
6. The method of claim 3, wherein the neurodegenerative eye disease is glaucoma.

7. The method of any one of claims 2-6, wherein the symptom 1is retinal ganglion cell

damage or retinal ganglion cell loss.

8. The method of any one of claims 1-7, wherein the amount of pridopidine is effective to

reduce or prevent retinal ganglion cell loss or damage in the subject.

9. The method of claim 8, wherein the retinal ganglion cell loss is reduced by at least

10%, by at least 20%, by at least 30%, by at least 40% or by at least 50%.

10.  The method of claim 8, wherein the retinal ganglion cell loss is reduced by more than

50%, more than 60%, more than 70%, or more than 80%.

11. The method of any one of claims 1-10, wherein the amount of pridopidine is effective

to improve retinal ganglion cell viability in a subject.

12. The method of any one of claims 1-11, wherein the amount of pridopidine is effective

to protect a retinal ganglion cell from cell death in the subject.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

WO 2017/147366 34 PCT/US2017/019266

The method of any one of claims 12, wherein the cell death is induced by elevated

intraocular pressure.

The method of any one of claims 1-13, wherein treating comprises slowing progression

of the neurodegenerative disease of the eye in the subject.

The method of any one of claims 1-14, wherein treating comprises slowing progression

of visual field loss towards blindness in a subject afflicted with glaucoma.

The method of any one of claims 1-15, wherein treating comprises preventing

blindness in a subject afflicted with glaucoma.

The method of any one of claims 1-16, wherein the treating comprises reducing axonal

degeneration in the subject.

The method of any one of claims 1-17, wherein pridopidine is pridopidine

hydrochloride

The method of any one of claims 1-18, wherein the pridopidine is administered via

systemic administration.

The method of claim 19, wherein the pridopidine is administered via oral

administration.

The method of any one of claims 19-20, wherein the pridopidine is administered in the
form of an aerosol, an inhalable powder, an injectable, a liquid, a gel, a solid, a capsule

or a tablet.

The method of any one of claims 1-18, wherein the pridopidine is administered via

local administration to the eye.

The method of claim 22, wherein the pridopidine is administered via topical

administration.

The method of any one of claims 22-23, wherein the pridopidine is administered via
intraocular, periocular, or ocular administration, preferably by an eye drop application

to the conjunctiva.
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The method of any one of claims 22-24, wherein the pridopidine is administered in the

form of a liquid, a gel, a cream or a contact lens.

The method of any one of claims 22-25, wherein the pridopidine is administered in the
form of eye drops, an intraocular depot injection, eye gels, a tablet inserted into the

conjunctiva, or a lens loaded with pridopidine.

The method of any one of claims 19-21 wherein the amount of pridopidine
administered is 22.5 mg/day-315 mg/day, 90 mg/day-315 mg/day, 90 mg/day-250
mg/day or 90 mg/day—180 mg/day.

The method of any one of claims 19-21, wherein the amount of pridopidine
administered is about 22.5 mg/day, about 45 mg/day, about 67.5 mg/day, about 90
mg/day, about 100 mg/day, about 112.5 mg/day, about 125 mg/day, about 135 mg/day,
about 150 mg/day, about 180 mg/day, about 200 mg/day, about 250 mg/day, or about
315 mg/day. ’

The method of any one of claims 19-21, wherein the amount of pridopidine administered
in a dose is about 22.5 mg, about 45 mg, about 67.5 mg, about 90 mg, about 100 mg,
about 112.5 mg, about 125 mg, about 135 mg, about 150 mg, about 180 mg, about 200
mg, about 250 mg, or about 315 mg.

The method of any one of claims 22-26, wherein the amount of pridopidine administered

is 0.1 mg/day — 50 mg/day or 0.2 mg/day — 20 mg/day.

The method of any one of claims 22-26, wherein the amount of pridopidine administered

in adoseis 0.1 mg— 50 mg or 0.2 mg — 20 mg.

The method of any one of claims 1-31, wherein the pridopidine is administered

periodically.
The method of claim 32, wherein pridopidine is administered daily.

The method of claim 32, wherein pridopidine is administered more often than once daily

or less often than once daily.

The method of claim 32, wherein pridopidine is administered twice daily or thrice daily.



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

WO 2017/147366 36 PCT/US2017/019266

The method of claim 32, wherein pridopidine is administered évery other day or weekly.

The method of any one of claims 32-36, wherein the periodic administration of
pridopidine continues for at least 3 days, more than 30 days, more than 42 days, 8
weeks or more, at least 12 weeks, at least 24 weeks, more than 24 weeks, 6 months or

more, more than 12 months, more than 18 months, or more than 24 months.
The method of any one of claims 1-37, wherein the subject is a human patient.

The method of any one of claims 1-38, further comprising the administration of a second

agent for the treatment of the neurodegenerative eye disease to the subject.

The method of claim 39, wherein the second agent is a P-adrenergic antagonist,
adrenergic agonist, parasympathomimetic, agonist prostaglandin analog, or carbonic

anhydrasé inhibitor.

The method of claim 39, wherein the second agent reduces elevated intraocular

pressure in a subject.

The method of claim 41, wherein the second agent is a prostaglandin agonist, a beta

blocker, a carbonic anhydrase inhibitor, an alpha agonist, or a combination thereof.

The method of claim 41, wherein the second agent is latanoprost, bimatoprost,
travoprost ophthalmic, unoprostone ophthalmic, tafluprost, Betaxolol ophthalmic,
Carteolol, timolol, levobunolol, metipranolol, Dorzolamide, brinzolamide,

acetazolamide, methazolamide, brimonidine, Apraclonidine, or a combination thereof.

The method of any one of claims 39-43, wherein the subj ect is administered a fixed-dose

combination comprising pridopidine and the second agent.
A package comprising:
a.  a first pharmaceutical composition comprising an amount of pridopidine; and

b. instructions for use of the pharmaceutical composition to treat a subject

afflicted with a neurodegenerative eye disease.

The package of claim 45 further comprising a second pharmaceutical composition

comprising an amount of a second agent for the treatment of a neurodegenerative eye
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disease, wherein the instructions provide for use of the first and second pharmaceutical

compositions together to treat a subject afflicted with a neurodegenerative eye disease.

The package of claim 46, wherein the amount of pridopidine and the amount of the
second agent are prepared to be administered simultaneously, contemporaneously or

concomitantly.

A therapeutic package for dispensing to, or for use in dispensing to, a subject afflicted

with a neurodegenerative eye disease, which comprises:

a) one or more unit doses, each such unit dose comprising an amount of
pridopidine thereof, wherein the amount of said pridopidine in said unit dose is

effective, upon administration to said subject, to treat the subject, and

b) a finished pharmaceutical container therefor, said container containing said unit
dose or unit doses, said container further containing or comprising labeling

directing the use of said package in the treatment of said subject.

The therapeutic package of claim 48 further comprising an amount of a second agent
for the treatment of the neurodegenerative eye disease, wherein the respective amounts
of said pridopidine and said second agent for the treatment of the neurodegenerative
eye disease in said unit dose are effective, upon concomitant administration to said

subject, to treat the subject.

A pharmaceutical composition comprising an amount of pridopidine for treating a

subject afflicted with a neurodegenerative eye disease.

A pharmaceutical composition comprising an amount of pridopidine for use in treating

a subject afflicted with a neurodegenerative eye disease.

The pharmaceutical composition of claim 51, further comprising an amount of a

second agent for the treatment of a neurodegenerative eye disease.

The pharmaceutical composition of claim 52, wherein the pridopidine and the second
agent are prepared to be administered simultancously, contemporaneously or

concomitantly.
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A pharmaceutical composition comprising pridopidine for use in a combination therapy
together with a pharmaceutical composition comprising a second agent for the treatment

of a neurodegenerative eye disease.

A pharmaceutical composition comprising an amount of pridopidine for use in treating
a subject afflicted with a neurodegenerative eye disease as an add-on therapy or in

combination with a second agent for the treatment of a neurodegenerative eye disease.

The pharmaceutical composition of any one of claims 50-55, wherein the amount of
pridopidine in the pharmaceutical composition is about 22.5 mg, about 45 mg, about
67.5, mg, about 90 mg, about 100 mg, about 112.5 mg, about 125 mg, about 135 mg,
about 150 mg, about 180 mg, about 200 mg, about 250 mg, or about 315 mg.

The pharmaceutical composition of any one of claims 50-55, wherein the amount of

pridopidine in the pharmaceutical composition is 0.1 mg to 50 mg, or 0.2 mg to 20 mg.

A pharmaceutical composition in a unit dosage form, useful in treating a subject
afflicted with a neurodegenerative eye disease, which comprises an amount of
pridopidine or pharmaceutically acceptable salt thereof, wherein the amount of said
pridopidine in said composition is effective, upon administration to said subject of one

or more of said unit dosage forms of said composition, to treat the subject.

An ocular pharmaceutical composition comprising an amount of pridopidine and a

pharmaceutically acceptable excipient suitable for administration to the eye.

The ocular pharmaceutical composition of claim 59 further comprising a second agent

for the treatment of the neurodegenerative eye disease.

The ocular pharmaceutical composition of claim 59 or 60, wherein the amount of

pridopidine in the ocular pharmaceutical composition is 0.1 mg to 50 mg.

The ocular pharmaceutical composition of any one of claims 59-61, wherein the ocular

pharmaceutical composition is in the form of a liquid.

The ocular pharmaceutical composition of any one of claims 59-62, wherein the
concentration of pridopidine in the ocular pharmaceutical composition is from 0.0001

to 10.0 w/v %.
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The ocular pharmaceutical composition of any one of claims 59-63 for use in treating a

neurodegenerative eye disease.

An eye drop, or a container comprising eye drops, comprising the pharmaceutical

composition of any one of claims 50-55 and 57-64.

An eye drop or a container comprising eye drops for use in the method of any one of

claims 1-18, 22-26, 30 and 31.
Pridopidine for use in treating a subject afflicted with a neurodegenerative eye disease.

Pridopidine for the manufacture of a medicament for use in treating a subject afflicted

with a neurodegenerative eye disease.
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