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1.8ar degeneration results in the gradual loss of vision over many years.
Wet macular degeneration, which accounts for about 10 percent of cases, is also known as choroidal
35 neovascularization, subretinal neovascularization, exudative, or disciform degeneration. In wet macular
degeneration, abnormal blood vessel growth can form beneath the macula; these vessels can leak blood and fluid
into the macula and damage photoreceptor cells. Studies have shown that the dry form of macular degeneration
can lead to the wet form of macular degeneration. The wet form of macular degeneration can progress rapidly

and cause severe damage to central vision.
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net abolite, or a pharndg |ca |y accepta e ffodrug or solvate thereof..
In any of the aforenent 8d aspects are further enbodi nents in which (a)
the effective anount of the conpound is sy caIIy adm nistered to the
mammal ; (b) the effective anbunt of the conpaupd is

naphthyl; (g) the compound is ) OH | or an active metabolite, or a
pharmaceutically acceptable prodrug or solvate thereof; (h) the compound is 4-hydroxyphenylretinamide, or a
30  metabolite, or a pharmacentically acceptable prodrug or solvate thereof; (i) the compound is 4-
methoxyphenylretinamide, or (j) 4-oxo fenretinide, or a metabolite, or a pharmaceutically acceptable prodrug or
solvate thereof.
In any of the aforementioned aspects are further embodiments in which (a) the effective amount of the

compound is systemically administered to the mammal; (b) the effective amount of the compound is

(9]
thn

administered orally to the mammal; (c) the effective amount of the compound is intravenously administered to



3 5 admnistered orally to the mammal; (c) the effective anbunt of the
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5 the mammal ; (d) the effective amount of the conpound is ophtbalmcally
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35 (c) the additional agent is at least one physiologically acceptable antioxidant, including embodiments
in which the physiologically acceptable antioxidant is selected from the group consisting of
Vitamin C, Vitamin E, beta-carotene, Coenzyme Q, and 4-hydroxy-2,2,6,6-tetramethylpiperadine-
N-oxyl, or embodiments in which (i) the at least one physiologically acceptable antioxidant is
administered with the compound having the structure of Formula (), or (ii) at least two



N-oxyl, or enbodinments in which (i) the at |east one physiologically
acceptable antioxidant is admnistered with the conpound havi ng the
structure of Fornula (1), or (ii) at least two WO 2006/ 007314

PCT/ US20QR/ 6 physi ol ogically acceptabl e anti oxi dant
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derivative, K r ne
dor i vative: (T3FE RbRRET ARGk Wi o, T4 RELPRAAELTE
admi ni strati othﬁPhOPaﬁEda@oaﬁﬁ)b XHEEWFPng the 30 structure of Formula (1), (ii)
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(I'),are adm nistered in the sanme phar maceutical composition.. I'n any of
the af or enent i\ SAEFIRITRedervaive, ?Urcf*‘ﬁ"e‘i“ylé‘i‘i’%@ﬂ’?é‘h"e%f a@oﬁﬁ’p‘F?‘%’laﬁ‘ﬁ‘e 49HEst er i ng

ext r acor por @®althe additional agent is administered (i) prior to the administration of the compound having the

30 structure of Formula (I), (ii) subsequent to the administration of the compound having the structure
of Formula (1), (iii) simultaneously with the administration of the compound having the structure
of Formula (1), or (iv) both prior and subsequent to the administration of the compound having the
structure of Formula (I); or

(m) the additional agent and the compound having the structure of Formula (I),are administered in the

35 samie pharmaceutical composition.

In any of the aforementioned aspects are further embodiments comprising administeringkexmlcorporeal
rheopheresis to the mammal.

In any of the aforementioned aspects are further embodiments comprising administering to the
mam:al a therapy selected from the group consisting of limited retinal translocation, photodynamic therapy,

40 drusen lasering, macular hole surgery, macular translocation surgery, Phi-Motion, Proton Beam Therapy,



rheopheresis to the mammal . I n any of the aforenentioned aspects are further
enbodi nents conprising admnistering to the mammual a therapy selected from
the group consisting of limted retinal franslocation, photodynam c therapy,
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30 wherein X, is selected from the group consisting of NR?, O, S, CHR?; R' is (CHR?),-L'-R?, wherein x

is0,1,2,0or3;L'isa single bond or -C(O)-; R? is a moiety selected from the group consisting of H, (C;-
Cy)alkyl, F, (C,-C4)fluoroalkyl, (C,-C4)alkoxy, -C(O)OH, -C(0)-NH,, «C,-C,)alkylamine, -C(0)-(C;-C,)alkyl, -
C(0)-(C,-Cy)fluoroalkyl, -C(0)-(C,-C,)alkylamine, and -C(0)«C,-C,)alkoxy; and R® is H or a moiety,
optionally substituted with 1-3 independently selected substituents, selected from the group consisting of (C»-
C5)alkenyl, (C;-Cy)alkynyl, aryl, (C;-Cs)cycloalkyl, (Cs-Cq)cycloalkenyl, and a heterocycle; provided that R is

not H when both x is 0 and L' is a single bond; or an active metabolite, or a pharmaceutically acceptable

(V5]
tn

prodrug or solvate thereof; and a pharmaceutically acceptable carrier.



C(O-(Cl-A)fluoroaikyl, -C(O-(Cl-CA4)al kyl am ne, and -C(O {Cl-4) al koxy;
and R is Hor a noiety, optionally substituted with 1-3 independently

sel ected substituents, selected fromthe group consisting of (C, 35
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In still a further embodiment, the method further comprises administering at least one additional agent
selected from the group consisting of an inducer of nitric oxide production, an anti-inflammatory agent, a
physiologically acceptable antioxidant, a physiologically acceptable mineral, a negatively charged phospholipid,
35 a carotenoid, a statin, an anti-angiogenic drug, a matrix metalloproteinase inhibitor, 13-cis-retinoic acid
(including derivatives of 13-cis-retinoic acid), 11-cis-retinoic acid (including derivatives of 11-cis-retinoic acid),

9-cis-retinoic acid (including derivatives of 9-cis-retinoic acid), and retinylamine derivatives. Further
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additional agent is an anti-inflammatory agent; (c) the additional agent is at least one physiologically acceptable

antioxidant; (d) the additional agent is at least one physiologically acceptable mineral; (¢) the additional agent is
a negatively charged phospholipid; (f) the additional agent is a carotenoid; (g) the additional agent is a statin; (h)
the additional agent is an anti-angiogenic drug; (i) the additional agent is a matrix metalioproteinase inhibitor; or
35 (j) the additional agent is 13-cis-retinoic acid.
In another aspect are pharmaceutical corpositions for (a) reducing the formation of N-retinylidene-N-

retinylethanolamine, N-retinylidene-phosphatidylethanolamine, dihydro-N-retinylidene-N-retinyl-
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thereof, including hydrogen bondmg) so as to reduce the concentraﬂon of the expected reactxon product of the

that visual cycle protein. In a further embodiment, the visual cycle protein that is directly modulated by the

35  compounds of Formula (I) is LRAT. In a further embodiment, the direct modulation of LRAT by a compound
of Formula (I) reduces the concentration of all-trans-retinyl esters. In a further embodiment, reduction in the
concentration of all-trans-retinyl esters indirectly modulates the activity of downstream visual cycle proteins by
lowering the concentration of substrates for such downstream visual cycle proteins. In further embodiments,

such downstream visual cycle proteins include isomerases, chaperone proteins, and dehydrogenases.
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illustrates the effect of HPR on 11 -cis retinol biosynthesis using an in
Vi t¥0 bi ochdifdaillugaisyipe effetof{IPRsen aflimapsgetinglieater biosthesisusing angf vipmocsemigd! | - t r ans
retinolasyabilization using an in vitro biochem cal assay. FIG 7 illustrates

the interactj Cel | ul ar | nal dehyde Bi nding Protein (CRALBP) with
vari ous. 30 POk ke oF bR B0 1oR RS a brouRer iat i Wy S

i Il ustrates HAdcilnteresatbt ¢t oGHPRORALBRuswEtnbl wibmatiowising dngavigisbiecheomedstyed by
si ze excl usi H8. 7 illustrates the interaction of Cellular Retinaldehyde Binding Protein (CRALBP) with various

30 ligands as measured by fluorescence quenching.
FIG. 8 illustrates the interaction of CRALBP with various ligands as measured by size exclusion
chromatography and UV/Visible spectrophotometry.
FIG. 9 illustrates the binding of N-4-(methoxyphenyl)retinamide (MPR) to retinol binding protein
(RBP) as measured by fluorescence quenching.
35 FIG. 10 illustrates the modulation of TTR binding to RBP-MPR as measured by size exclusion
chromatography and UV/Visible spectrophotometry.
FIG. 11 illustrates the analysis of serum retinol as a function of fenretinide concentration.
FIG. 12 illustrates a correlation plot relating fenretinide concentration to reductions in retinol, A2PE-H,
and A?E in ABCA4 null mutant mice.
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See, €(2004). IR6RAS ihoweder, ha€beedMhe general tdNadnky of GRRERHpoUndSth produce certain side-effects
30  inhuman patients, including impairment of night vision. See, e.g., Decensi, A., et al., J. Natl. Cancer Inst.,
86:1-5-110 (1994); Mariani, L., Tumori., 82:444-49 (1996). A recent study has also provided some evidence
that N-(4-hydroxyphenyl)retinamide can induce neuronal-like differentiation in certain cuitured human RPE
cells. See Chen, S, et al., J. Neurochem., 84:972-81 (2003).

Surprisingly, the compounds of Formula (I) can be used to provide benefit to patients suffering from or
35  susceptible to various macular degenerations and dystrophies, including but not limited to dry-form age-related
macular degeneration and Stargardt Disease. Specifically, compounds of Formula (I) provide at least some of
the following benefits to such human patients: reduction in the amount of all-frans-retinal (atRAL), reduction in
the formation of A2E, reduction in the formation of lipofuscin, reduction in the formation of drusen, and
reduction in light sensitivity. There is a reduced tendency to form A2E in ophthalmic and ocular tissues caused,

40 in part, by a reduction in the over-accumulation of all-trans-retinal in these tissues. Because A2E itself is
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including transport activity, and/or (e) serve as a therapeutic agent in the methods and compositions described
40  herein.
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The “alkyl” moiety may have 1 to 10 carbon atoms (whenever it appears herein, a numerical range such
as “1 to 10” refers to each integer in the given range; e.g., “1 to 10 carbon atoms” means that the alkyl group
may counsist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, efc., up to and including 10 carbon atoms,

40 although the present definition also covers the occurrence of the term “alkyl” where no numerical range is
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compound which contains one or more covalently closed ring structures, and that the atomns forming the

backbone of the ring are all carbon atoms. The term thus distinguishes carbocyclic from heterocyclic rings in
35  which the ring backbone contains at least one atom which is different from carbon.
A *“cyano” group refers to a -CN group.
The term “cycloalkyl” refers to a monocyclic or polycyclic radical that contains only carbon and

hydrogen, and may be saturated, partially unsaturated, or fully unsaturated. Cycloalkyl groups include groups

having from 3 to 10 ring atoms. Ilustrative examples of cycloalkyl groups include the following moieties:
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carbon, e.g., oxygen, nitrogen, sulfur, phosphorus or combinations thereof.

20 The terms “heteroaryl” or, alternatively, “heteroaromatic” refers to an aryl group that includes one or
more ring heteroatoms selected from nitrogen, oxygen and sulfur. An N-containing “heteroaromatic” or
“heteroaryl” moiety refers to an aromatic group in which at least one of the skeletal atoms of the ring is a
nitrogen atom. The polycyclic heteroaryl group may be fused or non-fused. Illustrative examples of heteroaryl

groups include the following moieties:

O o .Co Co



"heteroaryl" noiety refers to an aromatic group in which at |east one of the
skeletal atons of the ring is a nitrogen atom The polycyclic heteroaryl -
group may be fused or non-fused. Illustrative exanpl es of heteroaryl groups
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Fur t dazole may be

yrr ache r
P o bgfontraph GRS v oo o, SRRl oviny] bR 57
im da@o&n)d,w«ttwl med@z,dlbm@lwh(wl loxe@aralt, thiepdweldyxazeping, diatpinyb Gyeetpingl, gr oups
'15‘C| q@% @%ﬂ:&&lﬁﬁgl 2-pyrrolinyl, 3-pyrrolinyl, indolinyl, 2H-pyranyl, 4H-pyranyl, dioxanyl, 1,3-

dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, dihydrothienyl, dihydrofuranyl, pyrazolidinyl,

imidazolinyl, imidazolidinyl, 3-azabicyclo[3.1.0]hexanyl, 3-azabicyclo[4.1.0]heptanyl, 3H-indolyl and
quinolizinyl. Examples of aromatic heterocyclic groups are pyridinyl, imidazolyl, pyrimidinyl, pyrazolyl,
triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, oxazolyl, isothiazolyl, pyrrolyl, quinolinyl,

20  isoquinolinyl, indolyl, benzimidazolyl, benzofuranyl, cinnolinyl, indazolyl, indolizinyl, phthalazinyl,
pyridazinyl, triazinyl, isoindolyl, pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, benzofurazanyl,
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl, naphthyridinyl, and furopyridinyl.
The foregoing groups, as derived from the groups listed above, may be C-attached or N-attached where such is
possible. For instance, a group derived from pyrrole may be pyrrol-1-yl (N-attached) or pyrrol-3-yl (C-

25  attached). Further, a group derived from imidazole may be imidazol-1-yl or imidazol-3-yl (both N-attached) or
imidazol-2-yl, imidazol-4-yl or imidazol-5-yl (all C-attached). The heterocyclic groups include benzo-fused
ring systems and ring systems substituted with one or two oxo (=O) moieties such as pyrrolidin-2-one.

A “heteroalicyclic” group refers to a cycloalkyl group that includes at least one heteroatom selected

from nitrogen, oxygen and sulfur. The radicals may be fused with an aryl or heteroaryl. Illustrative examples of
30  heterocycloalkyl groups include:



ring systenms and ring systens substituted with one or two oxo (=0 noieties
such as pyrrolidin-2-one. A "heteroalicyclic" group refers to a cycl oal kyl
group that includes at | east one heteroatom sel ected fromnitrogen, oxygen
and sul f wig 20hbBo738di cal s may be fused with an aryl or b@f-}ffg% E ¥ 30080
II'lustrative exanples of 30 heterocycl oaLkyl groups include: WO 2006/ 007314
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monosaccharides, the disaccharides and the oligosaccharides.

The term “membered ring” can embrace any cyclic structure. The term “membered” is meant to denote
the number of skeletal atoms that constitute the ring. Thus, for example, cyclohexyl, pyridine, pyran and
thiopyran are 6-membered rings and cyclopentyl, pyrrole, furan, and thiophene are 5-membered rings.

10 An “isocyanato” group refers to a -NCO group.
An “isothiocyanato™ group refers to a -NCS group.
A “mercaptyl” group refers to a (alkyl)S- group.
The terms “nucleopbile” and “electrophile” as used herein have their usual meanings familiar to
synthetic and/or physical organic chemistry. Carbon electrophiles typically comprise one or more alkyl, alkenyl,
15 alkynyl or aromatic (sp’, sp’, or sp hybridized) carbon atoms substituted with any atom or group having a
Pauling electronegativity greater than that of carbon itself. Examples of carbon electrophiles include but are not
limited to carbonyls (aldehydes, ketones, esters, amides), oximes, hydrazones, epoxides, aziridines, alkyl-,
alkenyl-, and aryl halides, acyls, sulfonates (aryl, alkyl and the like). Other examples of carbon electrophiles
include unsaturated carbon atoms electronically conjugated with electron withdrawing groups, examples being

20  the 6-carbon in alpha-unsaturated ketones or carbon atoms in fluorine substituted aryl groups. Methods of
generating carbon electrophiles, especially in ways which yield precisely controlled products, are known to
those skilled in the art of organic synthesis.

The relative disposition of aromatic substituents (ortho, meta, and para) imparts distinctive chemistry
for such stereoisomers and is well recognized within the field of aromatic chemistry. Para- and meta-

25 substitutional patterns project the two substituents into different orientations. Ortho-disposed substituents are



25 substitutional patterns project the two substituents into different
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conpoy| J?s‘écheaxbﬁgnegﬁ 4 WRYGLOITE! S - Al tautomers are included within the
scope of the conpounds presented herein. In addition, the conpounds WO

2 @)50 6/ 00731%e F@PPQE?UM@MB@“Y pagsess one or more chiral centers and each center may exist in

the R or S configuration. The compounds presented herein include all diastereomeric, enantiomeric, and

epimeric forms as well as the appropriate mixtures thereof. Stereoisomers may be obtained, if desired, by
methods known in the art as, for example, the separation of stereoisomers by chiral chromatographic columns.
The methods and formulations described herein include the use of N-oxides, crystalline forms (also
30  known as polymorphs), or pharmaceutically acceptable salts of compounds having the structure of Formula (I),
as well as active metabolites of these compounds having the same type of activity. By way of example only, a
known metabolite of fenretinide is N-(4-methoxyphenyl)retinamide, also known as 4-MPR or MPR. Another
known metabolite of fenretinide is 4-oxo fenretinide. In some situations, compounds may exist as tautomers.

All tautomers are included within the scope of the compounds presented herein. In addition, the compounds



described herein can exist in unsolvated as well as solvated fornms with
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35 cornpound. For example, cytochrome P450 catalyzes a variety of oxidative and reductive reactions while uridine
diphosphate glucuronyltransferases catalyze the transfer of an activated ghucuronic-acid molecule- to aromatic
alcohols, aliphatic alcohols, carboxylic acids, amines and free sulphydryl groups. Further information on
metabolism may be obtained from The Pharmacological Basis of Therapeutics, 9th Edition, McGraw-Hill
(1996).
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Routes Of Administration

Suitable routes of administration may, for example, include oral, rectal, transmucosal,
transdermal, pulmonary, ophthalmic or intestinal administration; parenteral delivery, including intramuscular,
subcutaneous, intravenous, intramedullary injections, as well as intrathecal, direct intraventricular,

40 intraperitoneal, intranasal, or intraocular injections.
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35  composition can take the form of an ointment.
Useful compositions can be an aqueous solution, suspension or solution/suspension, which can be
presented in the form of eye drops. A desired dosage can be administered via a known number of drops into the
eye. For example, for a drop voluine of 25 pl, administration of 1-6 drops will delit/er 25-150 pl of the

composition. Aqueous compositions typically contain from about 0.01% to about 50%, more typically about
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35 Still other useful compositions may include one or more ophthalmically acceptable surfactants to
enhance physical stability or for other purposes. Suitable nonionic surfactants include polyoxyethylene fatty
acid glycerides and vegetable oils, e.g., polyoxyethylene (60) hydrogenated castor oil; and polyoxyethylene
alkylethers and alkylphenyl ethers, e.g., octoxynol 10, octoxynol 40.

Still other useful compositions may include one or more antioxidants to enhance chermical stability

40 where required. Suitable antioxidants include, by way of example only, ascorbic acid and sodium metabisulfite.
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35  gas. Inthe case of a pressurized aerosol the dosage unit may be determined by providing a valve to deliver a
metered amount. Capsules and cartridges of, e.g., gelatin for use in an inhaler or insufflator may be formulated
containing a powder mix of the compound and a suitable powder base such as lactose or starch.

The compounds may be formulated for parenteral administration by injection, e.g., by bolus injection
or continuous infusion. Formulations for injection may be presented in unit dosage form, e.g., in ampoules or in

40  multi-dose containers, with an added preservative. The compositions may take such forms as suspensions,
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The compositions containing the compound(s) described herein can be administered for prophylactic
and/or therapeutic treatments. The term “treating” is used to refer to either prophylattic and/or therapeutic
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Statins serve as lipid-lowering agents and/or suitable nitric oxide inducers. In addition, a relationship

has been demonstrated between statin use and delayed onset or development of macular degeneration. G.
McGwin, et al., British Journal of Ophthalmology, 87:1121-25 (2003). Statins can thus provide benefit to a
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In general, carbon electrophiles are susceptible to attack by complementary nucleophiles, including
carbon nucleophiles, wherein an attacking nucleophile brings an electron pair to the carbon electrophile in order
to form a new bond between the nucleophile and the carbon electrophile.

Suitable carbon nucleophiles include, but are not limited to alkyl, alkenyl, aryl and alkynyl Grignard,
organolithium, organozinc, alkyl-, alkenyl , aryl- and alkynyl-tin reagents (organostannanes), alkyl-, alkenyl-,
aryl- and alkynyl-borane reagents (organoboranes and organoboronates); these carbon nucleophiles have the
advantage of being kinetically stable in water or polar organic solvents. Other carbon nucleophiles include
phosphorus ylids, enol and enolate reagents; these carbon nucleophiles have the advantage of being relatively
easy to generate from precursors well known to those skilled in the art of synthetic organic chemistry. Carbon
nucleophiles, when used in conjunction with carbon electrophiles, engender new carbon-carbon bonds between
the carbon nucleophile and carbon electrophile.

Non-carbon nucleophiles suitable for coupling to carbon electrophiles include but are not limited to
primary and secondary amines, thiols, thiolates, and thioethers, alcohols, alkoxides, azides, semicarbazides, and
the like. These non-carbon nucleophiles, when used in conjunction with carbon electrophiles, typically generate
heteroatom linkages (C-X-C), wherein X is a hetereoatom, €. g, oxygen or nitrogen.

Use of Protecting Groups

The term “protecting group” refers to chemical moieties that block some or all reactive moieties and
prevent such groups from participating in chemical reactions until the protective group is removed. Itis
preferred that each protective group be removable by a different means. Protective groups that are cleaved
under totally disparate reaction conditions fulfill the requirement of differential removal. Protective groups can
be removed by acid, base, and hydrogenolysis. Groups such as trityl, dimethoxytrityl, acetal and t-
butyldimethylsilyl are acid labile and may be used to protect carboxy and hydroxy reactive moieties in the
presence of amino groups protected with Cbz groups, which are removable by hydrogenolysis, and Fmoc

groups, which are base labile. Carboxylic acid and hydroxy reactive moieties may be blocked with base labile
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Other protecting groups are deécrﬂ)ed in Greene and Wauts, Protective Groups in Organic Synthesis, 3rd
Ed., John Wiley & Sons, New York, NY, 1999, which is incorporated herein by reference in its entirety.
20 ILLUSTRATIVE EXAMPLES
The following examples provide illustrative methods for testing the effectiveness and safety of the
compounds of Formula (I). These examples are provided for illustrative purposes only and not to limit the

scope of the claims provided herein.
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Appropriate human doses for compounds having the structure of Formula (I) will be determined using
a standard dose escalation study. However, some guidance is available from studies on the use of such
20  compounds in the treatment of cancer. For example, a 4800 mg/m’ dose of fenretinide, which is a compound
haviﬁg the structure of Formula (I), has been administered to patients with a variety of cancers. Such doses
were administered three times daily and observed toxicities were minimal. However, the recommended dose for
such patients was 900 mg/m” based on an observed ceiling on achievable plasma levels. In addition, the
bioavailability of fenretinide is increased with meals, with the plasma concentration being three times greater
25 after high fat meals than after carbohydrate meals.
; The observation of occasional night blindness in humans suggests to us significant impairment of
| rhodopsin regeneration at normal therapeutic doses. Based on these data, we propose that inhibitory
concentrations of fenretinide in RPE tissueis achieved at doses similar to, or possibly below, human therapeutic
doses for the treatment of cancer.
30 Example 1: Testing for the Efficacy of Compounds of Formula (I) to Treat Macular
Degeneration
For pre-testing, all human patients undergo a routine ophthalmologic examination including fluorescein
angiography, measurement of visual acuity, electrophysiologic parameters and biochemical and rheologic
parameters. Inclusion criteria are as follows: visual acuity between 20/160 and 20/32 in at least one eye and
35  signs of AMD such as drusen, areolar atrophy, pigment clumping, pigment epithelium detachment, or subretinal
neovascularization. Patients that are pregoant or actively breast-feeding children are excluded from the study.
Two hundred human patients diagnosed with macular degeneration, or who have progressive
formations of A2E, lipofuscin, or drusen in their eyes are divided into a control group of about 100 patients and
an experimental group of 100 patients. Fenretinide is administered to the experimental group on a daily basis. A
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35 Toxicity evaluation after the commencement of the study include check ups every three months during

the subsequent year, every four months the year after and subsequently every six months. Plasma levels of
fenretinide and its metabolite N~(4-methoxyphenyl)-retinamide can also be assessed during these visits. The

toxicity evaluation includes patients using fenretinide as well as the patients in the control group.
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distribution (b) development and progression of choroidal neovascularization and (c) other interval fundus

35  changes or abnormalities. Other tests that can be used as surrogate markers for the efficacy of a particular
treatment include the use of visual acuity and visual field examinations, reading speed and/or reading acuity
examinations, measurements on the size and number of scotoma and/or geographic atrophic lesions, and the
measuring/monitoring of autofluorescence of certain compounds in the eye of the patient, as described in

Example 1.
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mice by two techniques. One is the study of mice at different times by ERG analysis and is adopted from a

clinical diagnostic procedure. See Weng et al., Cell, 98:13-23 (1999). An electrode is placed on the corneal

35  surface of an anesthetized mouse and the electrical response to a light flash is recorded from the retina.
Amplitude of the a-wave, which results from light-induced hyperpolarization of photoreceptors, is a sensitive
indicator of photoreceptor degeneration. See Kedzierski et al., Invest. Ophthalmol. Vis. Sci., 38:498-509 (1997).
ERGs are done on live animals. The same mouse can therefore be analyzed repeatedly during a time-course

study. The definitive technique for quantitating photoreceptor degeneration is histological analysis of retinal



Exanpl e 5: Genetic Testing for Macul ar Dystrophies Defects in the human
ABCA4 gene are thought to be associated with five distinct retinal
phenotypes including Stargardt Di sease, cone-rod dystrophy, age-rel ated
macul ar dggsaghaisipn (both dry formand wet form and gnent osa.
See e.g., Alliknets et al., Science, j277:1805-07 (1997)PE?@3\?\?0§}0§({0% Am

J. 5 Hunt. Genet., 64:422-34 (1999); Stone et al., Nature Cenetics,

20: 3285e8nd %&%ﬁmréﬂﬂhstm@ﬁm reﬁigﬁnn in te3d¥a at GRB time pdf willb3 detSRinkLF00) ;

Kl evering, et al, Ophthal nol og 11: 546- 553 (2004). In addition, an

aut osoFPé.‘P““&B‘Frf"r’f’éﬁ’iph°‘P‘5°r°ﬁ‘P‘o"f“°1§t‘”a1Pb°é‘Feﬂ?“°'ﬁ“é“é‘ea‘se is caused by mutations in the
ELOV4 gene. TiSe€EA«actiam Eyeshmples. wereltiaged onliztin 1 mPof @BS].pHSCi and hofrid@fz¢d by Raddi ent s can
be di agng %%qalfgaﬁb@arg Rhoph Bk 03l @gmertaxm@g@arzeﬁ botlbie hOAdafRU 819 S Says: ()

A direct- se t1on detection strat eg can 1 nvolve

seqireném%@fm'alfmﬂlembﬁs‘ ‘ﬁﬁd T'rq SaTAms g tensterredl tp e bresrilicatsiube end Aipidpwerpextetedva f or

Sﬁquenﬁ& 4l GXchiOBfofin). ; Thé BrranfoRReendi was SRHEIVEHD ndd FHSYSH $é| ard G slep%E o/a:ema% alssaysd
that inc ant.s: .an Si.S i qui
chr omaf 85’3‘5 drﬂ/?bda?ﬁ‘&e m%égeéﬁé’é‘rf%ﬁ%sr“s%““ R R S‘}ha er‘ivéscyf’(‘)ﬁé te(}r/n cal
anal yswgh aretharg mdetf Filwefpres Falivdingeentrdugatioarthd ghbr@OMEhmwiusrepbrdB@g pritlies
f ' UOT e54Blelwdl a0 & dfiBss mﬂ@anu%gé?l'y&g @%ﬂlé%&fdué?%& F@&sﬂéﬁéé&‘?zpﬁ)o' MReinbghaal ong with

i hi story of the patient an his or her famly can anticipate and/or

Qi r Asalyred G BREGas dassribeq bsfowAND RAT STUDI ES The opti mal dose of conpounds of

For mul a (1) HPEC Kdabeik Chodniiiglaphic sefaradats werd ackizedddn In AgikR Z6hak 3eSil GhiinaM ned
using a rd.dose e Ll |lustrati utilizing
fenret i %"3’9% Smgsmﬁé{f IHB%%WEﬁhavr nmg){]ﬁrep b egmrapgg W‘tr“‘efy“gre“g’% ‘%%%Qd? ) is
pr eseneeat dr}ecerhq-mkémémse (@rw/ﬁawpaaplbm&w i erH it G/4cptiz@eld; f or ot her

Corrpouaﬂﬁsm@oorsm zrdwe/v)srar EldiddR DhyHRr bR péaL)demzﬁanmease{aﬁee@tcsm@ﬁsoﬁeonr etinide
-trans- retrg In retrg&fftromdlrfﬁr&t aa%% gmce vvould ferably be

det1 rnf"ﬁeé‘df’“&f"e B 2RETOPYGE TP SLRBERUE PRI B AR E giregc %‘8@%9“” )pr eferred

et hod obtrige fide the flne@atansegletdtge Wi th a  single norning intraperi toneal dose.

An i ncrease % R&Y ofG S AR B3, F€qui red to maintain reduced
| evel s of a?fﬂf tpreﬁg ér?%(t)r ﬁ?a'leml ﬁs‘gﬁrétr naﬂl&t'ﬁrou hout the d%‘ ABCA4 Knockout

M ce. ABCA4ASRESEESN ¢f r%eﬁe@tte%nﬁxremal gIgyp ofms brrdrrémgtreafs%f SO Aloagee 25

trans p@érﬁrelgrduﬂoﬁnh@ @difaﬁleeaeg REedYEd fOi 2B €ufuRfionloP A2 R MRL &ﬁﬁﬂﬂle@eg gloGy legae@tkzer S. 3 The

tragpsporfed substr at e te a knockout
?Q_ ti gnztolmﬁ/ &gﬁ??mrﬁhmd?i percc)l MO 5§ WFBI&IE‘Q V@*hcr oeecfsgrer%ej%g 1_{ 30 ct(rsls§31g‘5{l1 ar e

usef ul thedighestideseof iﬂd&g/kaf T@n@tlfﬂmp lsewera@ to$| ! infestiohsnf DYPOiatpng Mies arecr eeni ng  of

the ef hgghienass e,a‘psrrmeserual tdas18ubsie bl RGRBtoneNEP FinRtlbABY wiridBNI f est the

conpl ex ocul a heng t%/E)e C% d% sl o phot orecept or degeneration, (ii) delayed

r ecoveF{PeRyFeni2 eé’é?‘f’gf I Picty© °B'f1i“ ‘ng |ight exposure, (iii) el evated at RAL

and reducedTats@lforithe a30mgitoh off A2 apdbor4 ManiteRPESEHRO gk aflfdnevinidegs provided _

pheg ob lb? ?}9 b}ﬁct(oh ¥Qr d § ltxtHBlh Xﬁ: Ir Iﬁllcée Kﬁéreiqnog%%ﬁﬂ%e}ﬂynltaﬁ%g%&@ rlazﬁlle@gee( PE) in

out er segnent accurru ation o uscin In Weng et

al ., Céillpdandhe TB’?J% 1‘:1’99"9)”5 a‘R&ftggﬂnEﬁbYﬁWéFdPé@éBPvéhe agtaRinersecense Pon can be
moni tOraE!gdrphdh spekc € Bdet@idené Phéspranti€bthdhdiaehideydds d@f)»dreﬁﬁﬁd%ﬂezNJ%uﬁﬁ- by two

t echni t nal ysi s and
is adogbJ 2 tqu(:l)rgnanaﬁ"m“f" ?’n emﬁﬁ% ]tlre ong ]i’°5pthf)trd3%% Eﬁ“ﬂe é‘lg‘ggﬁ’/‘@)%mgll a}v_ Cel I,

98: 13- 2ginyl- EQQQPMARH@réfetmmldbﬂerpeowhaamamm be mexdtbred ®51gsUNf\a€e of an
anggt he}gacg@ggtmgése and the el ectrical response to a light flash is recorded
fromthe retina. ﬁ){ Fl}roéie of, thgﬂ have, which results fromlight-induced
hyper pol ar | XTI Sftecs plfreprefinide %"“sf'gA&c“E'éHE?“trve i ndi cator of

phot or ecept admitagatinesfdinrednde tSaesxpeeideita golg of ediceabd adminiswaiot of DT didnatonm| . Vi s.

SCi . %&n%&%ug%é pg%&med EE@STy@Jfg ﬂ@d&ﬁm{aﬂnéd o\fﬁpo@fﬂéul?%ée Feﬁn@mﬁ fgouse. can

therefore be r epeat uri ‘g -cour se e definitive

t echni GtYea 3P 2?;%}%( rlfe Pftfaﬁﬂﬁﬁe rgfhéfreﬂ Wieprdef Qi&j?é Hisheitdpsgsss are teﬁr%/lf Rl effEft Bal
angby siséen &fth thehigHaa dosY\6? 58 A fkf Alld chhtdo] Biody 552430 90 028 i88)ections of DMSO alone.

Mice are administered either experimental or control substances by i.p. injection for various experimental time
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Mice and/or rats are tested in the manner described in Examples 6-9, but with an additional two arms.

=
=

In one of the additional arms, groups of mice and/or rats are treated with increasing doses of Accutane, from 5

35 mg/kg per day to 50 mg/kg per day. In the second additional arm, groups of mice and/or rats are treated with a
combination of 20 mg/kg per day of fenretinide and increasing doses of Accutane, from 5 mg/kg per day to 50
mg/kg per day. The benefits of the combination therapy are assayed as described in Examples 6-9.
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35 Example 12: Efficacy of Fenretinide on the Accumulation of Lipofuscin (and/or A2E) in abca4
null Mutant Mice: Phase II — Chronic Treatment of abca4 Null Mutant Mice.

We initiated a one-month study to evaluate the effects of HPR on reduction of A2E and A2E precursors
in abca4 null mutant mice. HPR was administered in DMSO (20 mg/kg, ip) to abca4 null mutant mice
{BL6/129, aged 2 months) daily for a period of 28 days. Control age/strain matched mice received only the

40 DMSO vehicle. Mice were sampled at 0, 14, and 28 days (n = 3 per group), the eyes were enucleated and
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Example 17: Size Exclusion Chromatography Study of Binding to CRALBP
Apo-CRALBP at 4 pM was incubated with 8 pM of 11cRAL, atRAL or HPR in PBS at room
40  temperature for 1 hour. In control experiment, equivalent volume of DMSO was added to the CRALBP
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4 mice per dosage group). At the end of the study penod, blood samples were taken and serum was prepared.

Following acetonitrile precipitation of serum proteins, the concentrations of retinol and HPR were determined
35  from the soluble phase by LC/MS (see FIG. 11). Identity of the eluted compounds was confirmed by UV-vis
absorption spectroscopy and co-elution of sample peaks with authentic standards.
Example 21: Correlation of HPR concentration to reductions in retinol, A2PE-H, and A2E in
ABCA4 null mutant mice
Group averages from the data shown in panels A — G of FIG. 18 in Example 25 (28 day time points)

40  are plotted to illustrate the strong correlation between increases in serum HPR and decreases in serum retinol
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spectra are consistent with 11cRAL bound to CRALBP. Importantly, the data also show that HPR binds apo-

CRALBP. IfHPR did not bind apo-CRALBP only the protein absorbance (280 nm) would be observed in the

eluted HPR + apo-CRALBP sample. Instead, two absorption maxima are seen: one at 280 nm and a second at

360 nm, which is attributable to the absorption of HPR (see FIG. 14).

D-

35 We performed an analysis of the dissociation constant (Kp) for 11cRAL and HPR binding to apo-
CRALBEP (see FIG. 15). Transformation of the fluorescence quenching data revealed similar values (~ 30 nM)
for each ligand. This calculation is based upon the ligand concentration necessary to fully quench the protein
fluorescence. The data reveal that both 1 1cRAL and HPR quench apo-CRALBP fluorescence maximally at ~
1.5 uM. Thus, although apo-CRALBP is described as an 11 cis-specific retinoid binding protein, it appears to

40  bind HPR as well. The fact that concentrations of HPR in the RPE far exceed 30 nM during the animal trials
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35 spectroscopy and co-elution of sample peaks with authentic standards. Note: limitations in appropriately age
and strain-matched mice in the 10 mg/kg group prevented analysis at the 14-day interval. The data show dose-
dependent reductions of A2PE-H; and A2E during the study period.
Panels G -1 in FIG. 18 show morphological/histological evidence that HPR significantly reduces

lipofuscin autofluorescence in the RPE of abcr nuil mutant mice (Stargardt’s animal model). Treatment

40  conditions are as described above. The level of autofluorescence in the HPR-treated animal is comparable to
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35  panel D, control mice). Further, the A2E and precursor (A2PE-H, and A2PE) levels after a 12- or 28-day drug

holiday remained at or near the levels immediately following 28 days of treatment (i.e., ca. 50% reduction
relative to control), although after the 28-day drug holiday, the amount of A2E and precursor (A2PE-H, and
A2PE) had increased by a few percentage points relative to the 12-day drug holiday levels. Despite the
persistent reduction in the levels of A2E and precursor (A2PE-H, and A2PE) in the eyes of animals on an HPR
40 drug holiday, we were unable to detect either HPR or HPR metabolites (e.g., MPR) in the eyes of the animals on
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We exam ned eyecup extracts by HPLC and enpl oyed detection by absorbance and
fluorimetry. Identity of the indicated peaks was confirned by on-1line
spectral analysis and by co-elution with authentic 30 standards. The data
show that in animals that had been previously maintai ned on HPR t her apy
(FIG 20, panel A), A2E and precursor (A2PE-H, and A2PE) |evels remain
significantly reduced relative to ceggtrol mce (FIG 20, panel B) even
after 12 days without receiving a dose of HPR (i.e., a 12-day drug holiday).
Simlar results were observed in mce follow ng a 28-day drug holiday: A2E
and precur@ggims(A2PE-H2 and A2PE) |levels remain significantly reduced
relative t0 control mce (conpare FIG 20, panel C, treated mce, with FIG
20, 35 panel D; and precursor (A2PE-H2 and
A2PE) Ievgles aTPéﬁQéoﬁ%ﬂ%t%% gHH'hg %tﬁ%ﬁ y remal ned at or near the

| evel s i medi ately foll ow ng 28 days of treatnent (i.e., ca. 50%reduction
relative to control), although after the 28-day dryg hoI i day, the anmount of
A2E and precursor (A2PE-EH2 and ARPE) had infpreasgd by a few percentage
points relative to the«I2-day 3 S Despite the persistent

reduction in the | ey€ S 1 A, MXiand A2PE) in the eyes
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cycl e, suggest dyeadf 4 hmnmimal.at ent, beneficial effects of HPR during the drug
holiday are attributable to effects within the visual cycle. Furthernore,
HPR reduces serumretinol |evels, which |eads to a reduction in the |evel of

retinol |n t he %%Cléﬁﬁ@t\ﬁﬁe@m lgs. Once the level of retinol has been

reduced in the eye erels atine lag in the subsequent increase in

retinol |eyels I a on of AZ2E,
AZPE and ASPE. HNEJE Heim 1, Yisiely E@WE&B et AuBrBBEEH [hr’ i Fhe
serum or the eyBeP glroqﬁ/ q%%n%q YWENi scl osed and cl ai med herein can be
made and execut ed w thout undue erimentation in light of the present

di scl osure4 1t 109 yseo@f Glgjm ﬁewhefetm Fh@o%’é’swﬂe%twﬁ 3 mpigty %@efapﬂ FOAht vari ations
may be applied the arewp ﬁ@'t‘*ﬂ%‘d!g ahbalpgen, HoHsOpsCaolalkyh N 1<edalkylce of steps
of the method dearCoduprhaikyi and M(Chéulalyliparting from the concept, spirit
and scope of the invention. Mre specifically, it will be apparent that
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substituted for the agents described 25 herein while the sanme or simlar

results wogl d beheagdtl MGilim A WherasitheicBipdlndisdsti tutes and nodi fications



apparent to those skilled in the art are deened to be within the spirit,
scope and concept of the invention as defined by the appended clains. 53
Clainms 1. The use of a first conpound having the structure: 0 \ \ \ \ x,
wherein X1 is selected fromthe group consisting of NR2, 0, S, CHR2; Rl is
(CHR2),-L1-R3, wherein xis 0, 1, 2, or 3; L1 is a single bond or - C(O-; R2
is a noiety selected fromthe groupsgonsisting of H (Cl- C4)al kyl, F,
(C1-&A) fluoroal kyl, (Cl-C4)al koxy, -C(O OH, C(O) NH2, - (Cl-C4)al kyl am ne,
-C(O- (C1-A4)al kyl C(O-(Cl-cA4)al kyl am ne, and
-C(O-(C1-A) al koxys gptionally substituted with
1- 3 i ndependent |y, , Setectedwfromthe group consisting
of (C2-C7) al ken C7) aI kynyl, aryl, (C3- C7)|cycl oal kyl ,

(C5-C7) cycl oal ken ; heterocycle; or an g€ : rretabollte, or a
pharmaceutically acceptable prodru or solvate (qf ; provided that Ris
not H when both x is 0 and LP is a single bond, the preparation of a
medi canment for reducing the formation of
N-retinylidene-Nretinylethanolamne in an eye ofora mammual , reducing the
formation of lipofuscin in an eye of a mammual or treating dry form

age-rel ated macul ar degeneration in an eye of a mammal. 2. The use of Claim
1, wherein xi sordan activEhmetabelitef oCh giharmacenticallyi acckptabe plddargioR3 i s phenyl
group, wher ei nsolvdte thdreofyl group has one substituent. 4. The use of Caim 3,
wherein the substituent is a noiety selected from the group consisting of
hal ogen, O(I_Cl 4) al k¥ NH(C1-C4)al kyl, Q(Cl1-C4)fluoroal kyl, and

N[ ( C1- C4) al 'kyl be 8se Tofethes dirsdf campounds aswAefingidn in HJaisubstfPE UBAt is OH or
OCH3. 6. The mufacmeaqfra medisament for reducinggeagraphis agophy irBNor an acti ve
net abolite, or g, R ﬁf\alhtl cally acceptable prodrug or solvate thereof. 7.
The use of the first® conpoulnd as defined in Claim1 for the manufacture of
a nedi canent for reduci ng geographic atrophy in an eye of a human.






