USE OF DEFERI PRONE FOR TREATMENT AND PREVENTI ON OF | RON- RELATED EYE

DI SORDERS TECHNI CAL FI ELD 5This invention relates to the treatnent of

i ron-rel avedosyBssdzsor ders and prophyl axi s of iron-rel ared/@yeeowiosspders.
More particularly, this invention relates to use of deferiprone for the
treatment and prophyl axis of eye damage-t&ssociated with iron and/or a
nmetabolic m shandling of iron in the eye. 10BACKGROUND CA 2,642,778

or physi ol ogi oal PRERE SRR ESREHEATMERT RRDBREVERRGH o' === "o
stabilization, treatnent, or|RCN-BREIATED EVEDISORDERY FRDA di sease in
patients resulting frommtochondrial iron-induced damage to preferentially

reduce the 15iron stores in the mtochondria. Al so for the treatnent of

ot her condit the brain where a key element in the generation
of the resul ?g%m&ﬁﬁgflggg Is the intracellular m shandling of iron. CA
2,642,578 furt herThiesoentiasrddias ta hfneymatraemwﬁﬁpnealbtadil ev\erctlsctrderscamddl tion
bei ng treated C nerat 2008/ 0279913 .describ met hod
for treati ngp%’zygg'lsﬁféranﬁﬁ% dgye ?goéﬂ%rlsaﬁodﬁ pa |CU%(5IIM iﬁés 'BYe"gPEi&%%W% usi ng
an iron-chel @ gse slaldieipramslRnYstetrégmahtatd pephylbyid ohepsndarnsd) .

Furthernmore, US 2008/ 0279913 descri bes. a nethod of treating oxidative

stress of thés$@dqtﬂ%“"tﬁ'rﬁnﬁﬁgf%@tmet@gﬂlﬁrm@ﬁ@d'@@rﬂfH@f‘|"h et9¥& retina with an
effective anount of a netal chelator, wherein said 25chelator is SIH,
pyridoxal isonicotinoyl hydrazone N-(2 hydr oxybenzyl ) -L-serine (HB-Ser),
desf et® i oxamBACKGRPUND conmbi nati ons thereof. WD 2007/ 118276 descri bes
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reduci ng t he or dsferasiror ev phygistegitallyfgcceptablehsaltaittszedfrfeathiepgevention,
stabilization, treatment, or reversal of iron-induced FRDA disease in patients
resulting from mitochondrial iron-induced damage to preferentially reduce the

15 iron stores in the mitochondria. Also for the treatment of other conditions
affecting the brain where a key element in the generation of the resultant
pathology is the intracellular mishandling of iron. CA 2,642,778 further describes
that in yet another embodiment the condition being treated is macular
degeneration.

20 US 2008/0279913 describes a method for treating age-related macular
degeneration, blindness or glaucoma using an iron-chelator salicylaldehyde
isonicotinoyl hydrazone (SIH). Furthermore, US 2008/0279913 describes a
method of treating oxidative stress of the retina in a subject, comprising
contacting the retina with an effective amount of a metal chelator, wherein said

25 chelator is SIH, pyridoxal isonicotinoyl hydrazone (PIH),
N-(2-hydroxybenzyl)-L-serine (HB-Ser), desferrioxamine (DF) or combinations
thereof.

WO 2007/118276 describes treatment and prophylaxis of retinal
degenerative diseases. More particularly, WO 2007/118276 contemplates a

30 method for preventing, reducing the risk of development of, or otherwise treating
or ameliorating the symptoms of, age-related macular degeneration (AMD) or
related retinal conditions in mammals and in particular humans. WO

2007/118276 further provides therapeutic compositions enabling dose-dependent



or aneliorating the synptons of, age-rel ated nmacul ar degenerati on (AVMD) or
related retinal conditions in mammals and in particular humans. WO

2007/ 1182v6 2huwvasbsse provi des t herapeuti c conposi tions emrabidA2009/001639

dose- dependent -2- or dose-specific adm nistration of agents useful in the
treat nent and prophyl axi s of age-rel at ed2macul ar degeneration or rel ated
reti nal degenerative conditions. SUMVARY 5This invention is based, in part,

on the understanding that deferiprone, whether admninistered topically or
orally can proé%?ﬁ‘sfg%'fﬁgaéj”ﬂ'ﬁ'sgﬂt“g’y%f %ﬂe_”kf %ﬁ?ﬁtﬁa‘é’&ﬁ’eﬁ]{e#msﬂt 4’19”88@3@?’8@ ng

i ron-induced (flagBesated mdtiIf VR gberBiY blichle ®FelihhydayeAklatibe @omditiériapi cal |y
applied deferiprone to the subject. In sone instances, iron-induced danage

in the eye may al ready have occurred and further damage 10can be prevented
usi ng deferi @Lﬂﬁﬂ' Ryﬂ s invention is also based, in part, on the
under st andi ng t a(\ eferiprone, when admnistered topically to the eye, can
treat 5ron-rel at efhisyrvetiismisdeEssdyintpadon thedendeir$tendisg thehdeterioranenet | nes

associated with oral, administration of deferiprane. 15Lron-rel ated eye

di sorders andf5iher ASRIMNE(R etap'ﬁﬁlbﬁa eorﬁ%c%%rﬁﬁelﬁro%ma\g%g%ﬁrﬁygaﬁf‘tam shandl i ng
of iron such saBjedi &hisk dercdsvedpigtionandedddodangye ftheeld by providitgorally
transporters for exportj n[(a){ I ron ou% of the cell, or due to an inadequacy of
i ron bi ndi ng 3¥atable astopically arRiigdideTeripraneedie pultiette N PREINFIRN%e8ads to t he

product i on ofohgaGldeYRIamayB s P& By alfbslyRRe:B0FEd Bhd ket Babge May
20al so be the result of bleeding ‘at a m croscopic or nmacroscopic |level into

the ey@ or i tcanberpsevrnted usingdeleripBingecheni cal and/ or physi cal mechani sms
o . ¢ . ; | /Ol b
may | ead to 1ron- wRguaedigRRaL, nlElLl PLERR e BRbdLEhaEdnar al |y of

topically, can treat the con preven n-1 nduced danmage
by i nterf eri migfesiprdne, benadmamiste radabpicalyntoi the egecandraat iroy-rélateshieyr ocul ar

[C)“r z\?ir g:(rjsusgS is%rcijelrls l\J/vsltH)Sttsi,icYeeef?eng?soma?gPé sson?gtintmehsea 2ociated wi%hngr%m lon there is
administration of deferiprone.

15 Iron-related eye disorders and/or iron-induced damage may occur from
biochemical mishandling of iron such as might occur due to a deficiency of
cellular iron transporters for exporting iron out of the cell, or due to an
inadequacy of iron binding proteins resulting in increased labile iron that leads to
the production of reactive oxygen species. The appearance of labile iron may

20 also be the result of bleeding at a microscopic or macroscopic level into the eye
or its component tissues. Biochemical and/or physical mechanisms may lead to
iron-induced damage. Deferiprone, administered orally or topically, can treat the
condition and/or prevent the iron-induced damage by interfering with the
mechanism of iron-induced toxicity in such ocular disorders.

25 In illustrative embodiments of the present invention there is provided use
of deferiprone for treatment of an iron-related eye disorder selected from the
group consisting of: glaucoma, cataract, diabetic retinopathy, hereditary retinal
degeneration, retinal detachment, ischemic retinopathy caused by retinal vein or
artery occlusions, ischemic optic neuropathy, optic neuritis, and traumatic optic

30 neuropathy.

In illustrative embodiments of the present invention there is provided use
of deferiprone for preparation of a medicament for treatment of an iron-related
eye disorder selected from the group consisting of: glaucoma, cataract, diabetic

retinopathy, hereditary retinal degeneration, retinal detachment, ischemic



of deferiprone for treatnent of an iron-rel ated eye disorder selected from
the group consisting of: glaucoma, cataract, diabetic retinopathy,

her edi t arwonreto/asadszdegener ati on, retinal detachnent, isekb®raor@idaepat hy
caused by retinal vein or artery occlusions, ischem c optic neuropathy,
optic neuritis, and traumatic optic 30neB+ opat hy\. In illustrative
enbodi ments of the present invention there is provided use of deferiprone
for preparation of a nedicanent for treatnent of an iron-rel ated eye

di sorder sel &linepathy savsatkbyyieding ebnai ajtary gedasions, isehemic ortigt ar act |

di abetic ret h@%?%t'&igp%;%lﬁrr%‘i’:h{néra)hdrt%n{bﬁ‘nkﬁ?»ﬁ&ﬁ@é’rroﬁéih‘?” retinal det achrrent ,

I schemc -3 y caused by ret veln or "artery occl usions,
i schemi ¢ optic nelaritysinative empodinentaefithé presentinvertiondbére I%)ptqvc‘ieldeﬂjlu&ﬁpat hy.

In illustrati h ovi ded a
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adm nistrati on Shnrillustriatied embbdicneptdoidhaprdsendihvéitonihesds provideerd usen t her e
ei n wherein i s, suitable for
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i nvention there 'ﬁn|Msﬂ’ét|¢@6mﬁoﬂﬂéh€§joﬂﬁebF&@hf"ﬂO&ntfthhé‘Hé it pRIVidedl At ed eye
di sorder selected fromthe group consisting of: glauconm, cataract,

di abeti c ret Mmedfns eftreaapeidpt an yom-é@latﬁmey@mﬁ@g@f@lebﬁc;%from &g arpup
det achment, 'céﬁﬁﬁmgcoff guueemt éﬁa&%ﬁ%%%gg%/ rétﬂbg P,tl?(égbﬁ'ita(?% r@nafr Y

occl usi ons, 1'schem’c optlc neuro Icn traumatic optic
neur op@t hy, t:lbgenmsaﬂmd retmabdetacmgeradmlrmmmeemncg)amwdwsa@butretml vgineff ecti ve

anount of def e.to a subject having an iron-related eye
di sor der . PARSicS oS et Salt ru R Rt Reunfs AsufAE RUF S
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adm ni stered oral | lustrative enbodi nents of the pres
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deferiprone is admnfhs‘irtaﬁ{‘/@gmrbgalh%'té b!f the presen{ vehtlorsthetis provideRigi ment s of
the present invention there is EFOVI use of deferiprone suitable for

topi c& adm m@mcﬂh@es&ﬁb@@hewr@u w@mth@fdef&rtpmneeus@@éunlét@éedzwmlhsor ders.
In illustrative embodiments of the present invention there is provided a

method described herein wherein the deferiprone is administered topically.

In illustrative embodiments of the present invention there is provided use
of deferiprone suitable for topical administration for treatment of iron-related eye

20 disorders.

In illustrative embodiments of the present invention there is provided use
of deferiprone suitable for topical administration for preparation of a medicament
for treatment of iron-related eye disorders.

In illustrative embodiments of the present invention there is provided a use

25 described herein wherein the iron-related eye disorder is selected from the group
consisting of age-related macular degeneration, glaucoma, cataract, diabetic
retinopathy, hereditary retinal degeneration, retinal detachment, ischemic
retinopathy caused by retinal vein or artery occlusions, ischemic optic
neuropathy, optic neuritis, and traumatic optic neuropathy.

30 In illustrative embodiments of the present invention there is provided a use
described herein wherein the iron-related eye disorder is age-related macular
degeneration.

In illustrative embodiments of the present invention there is provided a use

described herein wherein the age-related macular degeneration is exudative.



In illustrative enbodinents of the present invention there is provided use
of deferiprone suitable for topical adm nistration for preparation of a
medi camerwoforo/issssat nent of iron-rel ated eye di sorders. pem/dA2bassiniadi ve
enbodi ments of the present invention there is provided a use 25descri bed
herein wherein the iron-rel ated eye di se#der is selected fromthe group
consi sting of age-rel ated nacul ar degeneration gl aucoma, cataract,

di abetic retlnopathdh%heredltary reti degeneration, retinal detachnent
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illustrative enbodi mrents of the present invention there is provided a use
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of the present k there is EeAOtVI ded a use described herein wherein
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enbodi ment s of resent” invention there 1s provid net’hod deScri bed
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method described herein wherein the iron-related eye disorder is age-related

15 macular degeneration.

In illustrative embodiments of the present invention there is provided a
method described herein wherein the age-related macular degeneration is
exudative.

In illustrative embodiments of the present invention there is provided a

20 method described herein wherein the age-related macular degeneration is
nonexudative.

In illustrative embodiments of the present invention there is provided a
method described herein wherein the subject has previously been treated for an
iron-related eye disorder.

25 In illustrative embodiments of the present invention there is provided a
method described herein wherein the subject has previously been treated for
age-related macular degeneration.

In illustrative embodiments of the present invention there is provided use
of deferiprone for prevention of iron-induced eye damage.

30 In illustrative embodiments of the present invention there is provided use
of deferiprone for preparation of a medicament for prevention of iron-induced eye

damage.



In illustrative enbodinents of the present invention there is provided a
nmet hod descri bed herein wherein the iron-related eye disorder is

age-r el atwod 20bvmsisbar degenerati on. In illustratiyeTamowioneads of

the present invention there is provided a nethod described herein wherein
t he age-rel ated nmacul ar degeneration is-gxudative. In

i llustrative enbodi nents of the present invention there I's provided a

20nmet hod descri bed herei.n wherein the e-rel at ed | ar., dege eratlon S
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previously been treated for an iron- relate eye I sor 25In illustrative
enmbodi ment s #fe eliBapresent invention there is provided a method descri bed

herein wherein t hﬁ\ ifIaREL eﬁ%ﬁdlﬂf%&%te%r&%ﬂﬁ;{g\%ﬁﬁnetﬂerfe% ?cﬂﬁderoec{ aled

macul ar degenerati on. ive enbodi nents o e present
i nvent5on t heescribedpreosin ddareis theophydehbedistortmmeofftoe redinevestdromg. of
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the present iday&iHederéinavrerédis thy ipon-thedced egedalnagy iskdroheslaiascuilier ei n t he
I ron-i nduced eye damage is a physical distortion of the retina. In
i | lustrative %MBdi nents of the present invention there is provided a use

Sdescri bed her ei njjigsiitife ERPoBIMYES 8 th@'p?és%rnE in9Bntn thBR i5 BFdvided Suse
scarring. In illustrative enbodi nents of the present invention there

is prdQi ded sesgrbeddwseeindgréieths onindiesheyenhdamagsisi apiassgcialad Withrage i s
abnormal vas %Hli?orn-rgfa?é(& g\le disorder is selected from the group consisting of age-related

macular degeneration, glaucoma, cataract, diabetic retinopathy, hereditary retinal

degeneration, retinal detachment, ischemic retinopathy caused by retinal vein or

artery occlusions, ischemic optic neuropathy, optic neuritis, and traumatic optic
15 neuropathy.

In illustrative embodiments of the present invention there is provided a use
described herein wherein the iron-induced eye damage is also associated with
age-related macular degeneration.

In illustrative embodiments of the present invention there is provided a use

20 described herein wherein the age-related macular degeneration is exudative.

In illustrative embodiments of the present invention there is provided a use
described herein wherein the age-related macular degeneration is nonexudative.

In‘illustrative embodiments of the present invention there is provided a use
described herein wherein the deferiprone is suitable for oral administration.

25 In illustrative embodiments of the present invention there is provided a use
described herein wherein the deferiprone is suitable for topical administration.

In illustrative embodiments of the present invention there is provided a
method of preventing iron-induced damage to an eye of a subject at risk for
iron-induced eye damage, the method comprising administering a

30 prophylactically effective amount of deferiprone to the subject.

In illustrative embodiments of the present invention there is provided a

method described herein wherein the eye damage is a physical distortion of the

retina.



In illustrative enbodinents of the present invention there is provided a
use 1l0descri bed herein wherein the iron-induced eye damage is al so

associ at esdow10nsass2i ron-rel ated eye di sorder is sel ect e#Cirranzadve1ggp oup
consi sting of age-rel ated macul ar degeneration, glaucoma, cataract,

di abetic retinopathy, hereditary retinal-6degeneration, retinal detachnent,

I schem ¢ retinopathy caused by retinal vein or artery occlusions, ischemc
optic neuropathy, optic neuritis nd, traumatic optic, 15neur opat hy.

TR Fl et r ot ve eloButshe Smbpofiesty Puba et EeRian rhd e ARBAR ded o
use descri begndiRs@tEscNBEE Bkl WheldiPe JhYviegICists Riof DB EEretifia &) ar@gsoci at ed
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R e e

adm ni strat i a¥ith abiron-idldtes eyatisveiee isuliéoremiremahe greupprorsistihg ohvent i on

there is provided a use described herein wherein the deferiprone is
Sui tabl o For aogpPlelad AR CHaeaBiagRn. Sabcoms, caldtaglod BRI/ BB et 5 of

the present ijRy&itahoRtihA’ieehsraBb® vbfied datadBibBAt iRheMiceeanspdisy tduedi nduced
damage to an eye of a subject at risk for iron-induced eye damage, the

met hodOconpr ibyiranaAuaNHr &ften orglusidspisegipicaptic auiopatyr ertic nealrfigmanst  of

def eri prone ' In illustrative enbodi nents of the
pr esent invetr’%%uh%%?E)E{r?éeﬁgﬁsmg?tgvi ded a nethod described herein wherein the

eye damage i s a phyifugaitiveiestodiments of thelpeesent invantion there is provided a

il lustrative enpodinents . of the present. invention there i.s_provided a
et hod descr TONCREPGT hedneredr Bl By cra il sl b BRaEE na | <
scarring. with age-related macular degeneration. :

15 In illustrative embodiments of the present invention there is provided a
method described herein wherein the age-related macular degeneration is
exudative.

In illustrative embodiments of the present invention there is provided a
method described herein wherein the age-related macular degeneration is

20 nonexudative.

In illustrative embodiments of the present invention there is provided a
method described herein wherein the subject has previously been treated for eye
damage associated with iron.

In illustrative embodiments of the present invention there is provided a

25 method described herein wherein the subject has previously been treated for
age-related macular degeneration.

In illustrative embodiments of the present invention there is provided a
method described herein wherein the deferiprone is administered orally.

In illustrative embodiments of the present invention there is provided a

30 method described herein wherein the deferiprone is administered topically.

Other aspects and features of the present invention will become apparent
to those ordinarily skilled in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying

figures.



In illustrative enbodinents of the present invention there is provided a
net hod descri bed herein wherein the eye danage is abnormal vascul ar grow h
5In illuswoavivs3ssebodi nents of the present invention tireraeA2809possbded a
nmet hod descri bed herein wherein the iron-induced eye danage i s associ ated
with an iron-related eye disorder is sel-écted fromthe group consisting of
age-rel ated nmacul ar degeneration, glaucoma, cataract, diabetic retinopathy,
hereditary retinal degeneration, retinal detachnment, ischem c retinopathy
caused 10by retinal vein or artery occlusions, ischemc optic neuropathy,

opti ¢ neuri tigRIERTSESCAITTIONCOPTHESDRAWINGTE hy . Inillustrative
enbodi ments of the present invention there is provided a nethod described

herei n wherei n t hEigurehig Wmtf@%pmwg?@gfgp@s@fom'\éiw Rlpstic seglionse| at ed
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I nvention there 1s provi erein
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I n illustratinecikiipaeiisaniis &hl dgjgnmb.@@wms m@mﬁgt [ on there is provided a
nmet hod descri bed herein wherein the subject has FreV|ousI bheen treated for

eye danage associ HiGbEe gig o graphs showing relatlve|qyain ifigadiop of frorsteiBodi ment s of
the present 'F@é@gfo'r?ﬂﬂt) IFA 'Ie?/e%rlﬁ\fﬁéi%gn?%gﬁar%tmgﬂ gﬁ%ﬁfé;ﬂfﬁ@h&'er ein wherein

t he subj ect has previously been treat macul ar
degené®at i on.(RP& /CMFQEiSmldef\ﬁélpmmdtﬁaﬁ%Ch@@d @mtraaﬁ@d piesatmicaireretingn there is

provi ded a F@ tg_l g% P /CE&IO%SQF}M'EBF n the deferiprone is adm nistered

orally. In il I ment he present invention there is
provi ded a Figure 3 is a graph illustrating the amount of transferrin receptor

messenger ribonucleic acid (TfR mRNA) in the RPE/choroid from a treated eye
and an untreated eye. The error bars represent SD of 3 PCR reactions using the
15 same batch of mRNA template.

Figure 4 illustrates three Perls’ stains of 7 and 13 month old untreated
DKO mice retinas (Figs. 4A and 4B, respectively) and of a treated 13 month old
DKO mouse (Fig. 4C). The following abbreviations appear in the Figures: RPE,
retinal pigment epithelium; ONL, outer nuclear layer; OPL, outer plexiform layer;

20 IPL, inner plexiform layer; GCL, ganglion cell layer. Scale bar: 50um.

Figure 5 is twelve brightfield micrographs of plastic sections of retinas
from deferiprone treated and untreated DKO mice and a wild type mouse. Figs.
5C, 5F and 5| show the results from untreated 12 and 13 month old animals;
Figs. BA, 5D, 5G and 5J show results from treated age-matched and older DKO

25 mice that received deferiprone 1mg/ml PO in drinking water for 6-9 months; Figs.
5B, 5E, 5H and 5K show the pathology found in the retinas of the same animals
as 5A, 5D, 5G and 5J, but from an area exhibiting the most severe pathology
detected in all sections examined. Figure 5L is the retina of a wild type mouse
showing normal histology at 18 months. The following abbreviations are used in

30 Figures 5A-5K: RPE, retinal pigment epithelium; ONL, outer nuclear layer; OPL,
outer plexiform layer; IPL, inner plexiform layer; GCL, ganglion cell layer. Scale
bar: 50um.

Figure 6 is a graph showing hematocrit values in deferiprone treated and
untreated DKO mice.



30nmet hod descri bed herein wherein the deferiprone is adm nistered
topically. O her aspects and features of the present invention wll
becone apparerwossss2t hose ordinarily skilled in the art ®porcAzemiopyvs3of the
foll ow ng description of specific enbodinents of the invention in
conjunction with the acconpanying figures8. -7- BRI EF DESCRI PTION OF THE
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pl astic sections of retinas fromsystenic Cp/Heph doubl e knockout (DKO)
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nonth old Cp/%ag'f)ﬁﬁgnoc gﬁ%’treat ed with oral deferiprone for 5 nonths.

Figure 2 is two graphs showing relative quantification of transferrin

Receptor (Tf I | e retinas and retinal pignent epithelia
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the skilled practitioner. Many suitable formulations are known, including,

15 polymeric or protein microparticles encapsulating a compound to be released,
ointments, pastes, gels, hydrogels, or solutions which can be used topically or
locally to administer a compound. Many techniques known to one of skill in the
art are described in Remington: the Science & Practice of Pharmacy by Alfonso
Gennaro, 20™ ed., Lippencott Williams & Wilkins, (2000).

20 Suitable ophthalmic formulations may be prepared by dissolving
deferiprone in water or other ophthalmically suitable carriers. Often
carboxymethyicellulose may be included in ophthalmic formulations comprising
deferiprone. For example, and without limitation, a suitable topical formulation
may include a therapeutically effective or a prophylactically effective amount of

25 deferiprone dissolved in water together with carboxymethyl cellulose 0.5%.
Other suitable topical formulations include ophthalmic formulations known to the
person of skill in the art.

In clinical practice oral doses from 75 to 100 mg/kg/day have been
approved for treating subjects having thalassemia. A 50 kg subject may receive

30 several grams of the drug each day. Deferiprone can induce agranulocytosis in
about 1 % of thalassemia patients treated with the drug at such doses. The use
of deferiprone eye drops alters transferrin receptor concentrations, indicative of a
reduction in intracellular iron in the eye. Drops may be administered in a

concentration of 1-100 mg/ml of deferiprone three times daily. The half life of
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effective or janhn@riYle§6tdatRigedo @hfege tof ¥ uBfEBUA riskffor iron-induced eye
damage, the method comprising orally administering and/or topically
administering a prophylactically effective amount of deferiprone to the subject.
Suitable pharmaceutical compositions may be formulated by means

20 known in the art and their mode of administration and dose determined by the
skilled practitioner. For enteral administration, the compound may be
administered in a tablet, capsule or dissolved in liquid form. The tablet or
capsule may be in an immediate release format or enteric coated, or in a
formulation for sustained release. Many suitable formulations are known,

25 including, polymeric or protein microparticles encapsulating a compound to be
released, ointments, pastes, gels, hydrogels, or solutions which can be used
topically or locally to administer a compound. Techniques particular to
ophthalmic solutions may be necessary, including pH adjustment to pH7.4
(range 5.4-8.4) and the relevant use of buffers, osmolarity adjustment to be

30 approximately isotonic; the addition of appropriate bacteriostatic agents; the
employment of asceptic and/or sterile techniques and related techniques known
to one skilled in the art of formulating topical agents for application to the eye.

Many techniques known to one of skill in the art are described in Remington: the
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damage, the npuhdskregeReilsi ng oral ly adm nistering and/or topically

adm ni stering a prophylactically effective amount of deferiprone to the
subj ed®. Iron-rélated disorders may involve ocular iron overload and/or deposits,

and/or may also involve iron-induced oxidative stress caused by normal iron
levels in the eye. Such normal iron levels may be iron that is mishandled.
Non-limiting examples of iron-related ocular diseases that involve oxidative
stress include macular degeneration, glaucoma, cataract, diabetic retinopathy,

20 hereditary retinal degeneration, retinal detachment, ischemic retinopathy caused
by retinal vein or artery occlusions, ischemic optic neuropathy, optic neuritis, and
traumatic optic neuropathy. Such occular diseases may be treated using
deferiprone.

A subject at risk for developing iron-related damage include, without

25 limitation, subjects at risk for developing one of: macular degeneration,
glaucoma, cataract, diabetic retinopathy, hereditary retinal degeneration, retinal
detachment, ischemic retinopathy caused by retinal vein or artery occlusions,
ischemic optic neuropathy, optic neuritis, and traumatic optic neuropathy.
Another non-limiting example of a subject at risk for developing iron-induced eye

30 damage is a subject that has recently had surgery performed on their eye, such
as but not limited to, Laser-Assisted In Situ Keratomileusis (LASIK) surgery. lron
may occur within the margin of the ablated zone of such surgeries. Another
example of a subject at risk for developing iron-induced eye damage is a subject

that has recently had surgery performed, where microvascular hemorrhage
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Nonexudative AMD is often an early stage of the disease and may result
from the aging and thinning of macular tissues, depositing of pigment (often
including iron) in the macula or a combination of the two processes.

20 Nonexudative AMD may be diagnosed when yellowish spots known as drusen
begin to accumulate from deposits or debris. Often the deposits or debris are
from deteriorating tissue. This often occurs around the macula. Gradual central
vision loss may occur with dry macular degeneration but is not nearly as severe
as exudative AMD symptoms. Nonexudative AMD may progress to a more

25 advanced and damaging form of the eye disease, termed exudative AMD.
Subjects having non-exudative AMD may be subjects at risk for developing
iron-related eye damage associated with exudative AMD.

In exudative AMD, new blood vessels grow (neovascularization).
Exudative AMD occurs with formation of abnormal blood vessels and leakage in

30 the back of the eye. Neovascularization of the abnormal blood vessels may
occur beneath the retina and the new blood vessels may leak blood and fluid into
the surrounding area. Such leakage may result in deposition of iron. Such
leakage may cause permanent damage to an eye. In many cases the leakage
damages light-sensitive retinal cells, which die off and create blind spots in
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as complement factor H (CFH) has been proposed. Variants of another gene,
complement factor B, may also be involved in development of AMD.
Deteriorating, oxygen-starved cells within the retina appear to help trigger
20 neovascularization and accompanying damage in exudative AMD.
Neovascularization may be activated by a protein called vascular endothelial
growth factor (VEGF). Anti-VEGF drugs have been used to treat exudative AMD.
Risk factors for AMD may include having a family member with AMD, high
blood pressure, lighter eye color, obesity, smoking, over exposure to sunlight and
25 high levels of dietary fat. In addition to affecting older populations, AMD occurs
more prevalently in females. Macular disease also can result as a side effect of
some drugs, such as Aralen (chloroquine, an anti-malarial drug) or
phenothiazines. Phenothiazines represent a class of anti-psychotic drugs,
including brand names of Thorazine (chlorpromazine, which is also used to treat
30 nausea, vomiting and persistent hiccups), Mellaril (thioridazine), Prolixin
(fluphenazine), Trilafon (perphenazine) and Stelazine (trifluoperazine). A subject
having any one or more of these risk factors may be a subject at risk for
iron-related eye damage. Such a subject may benefit from using deferiprone

prophylactically.
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Current evidence suggest that iron may play a critical role in the
pathogenesis of age-related macular degeneration (AMD), and it is now known
that there are elevated iron levels in the retinas of patients with AMD. Likewise,

20 patients with the rare hereditary disease aceruloplasminemia have iron overload
of the brain, retina, and pancreas, leading to degeneration in these organs.

Macular degeneration refers to a family of diseases that are characterized
by a progressive loss of central vision associated with abnormalities of Bruch’s
membrane, the choroid, the neural retina and/or the retinal pigment epithelium

25 and are particularly evident in older subjects, thus the term, age-related macular
degeneration, although some forms can be detected as early as the first decade
of life. AMD, the most prevalent macular degeneration, is associated with
progressive loss of visual acuity in the central portion of the visual field, changes
in color vision, and abnormal dark adaptation and sensitivity. Two principal

30 clinical manifestations of AMD are the dry, or atrophic, form, and the wet, or
exudative, form. The most significant risk factor for the development of both
forms are age and the deposition of drusen, abnormal extracellular deposits,

behind the retinal pigment epithelium (RPE). Drusen causes a lateral stretching
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potentially
overload, an iron chelator would deplete the body of iron, an essential element
for survival. Prior to such fatal effects, it an iron chelator may interfere with
intermediary metabolism by reducing the available pool of iron needed by many

20 - enzymes in normal everyday biochemical reactions for homeostasis, as well as
for the production of red blood cells. Thus the only way to determine whether an
agent might be capable of treating and/or preventing the development of
iron-related eye disorders is to employ a drug candidate in a living animal that
demonstrates suitable pathology and evaluate the effects and whether the toxic

25 effects of a particular iron chelator in the absence of generalized iron overload,
would prohibit such use.

In illustrative embodiments of the present invention, there is provided a
method described herein wherein the subject has previously been treated for
iron-related eye damage.

30 In illustrative embodiments of the present invention, there is provided a
method described herein wherein the subject has previously been treated for
age-related macular degeneration.

An “effective amount” of a pharmaceutical composition according to the

invention includes a therapeutically effective amount or a prophylactically



dangerous el ectron-transporting system generating oxi dative damage through
the Fenton reaction. Thus, while biochemcal reactions involving iron are
needed amwlonenamsmey, in the absence of the controls thacTtaraosmonably in
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mg/unit; from about 1mg/unit to about 50 mg/unit; 1Img/unit to about 40 mg/unit;

20 from about 1mg/unit to about 30 mg/unit; from about 1mg/unit to about 20
mg/unit; from about 1mg/unit to about 15 mg/unit; from about 1mg/unit to about
14 mg/unit; from about 1mg/unit to about 13 mg/unit; 1mg/unit to about 12
mg/unit; from about 1mg/unit to about 11 mg/unit; from about 1mg/unit to about
10 mg/unit; from about 1mg/unit to about 9 mg/unit; from about 1mg/unit to about

25 8 mg/unit; from about 1mg/unit to about 7 mg/unit; from about 1mg/unit to about
6 mg/unit; from about 1mg/unit to about 5 mg/unit; from about 1mg/unit to about
4 mg/unit; from about 1mg/unit to about 3 mg/unit; from about 1mg/unit to about
2 mg/unit; from about 2mg/unit to about 15 mg/unit; from about 2mg/unit to about
14 mg/unit; from about 2mg/unit to about 13 mg/unit; 2mg/unit to about 12

30 mg/unit; from about 2mg/unit to about 11 mg/unit; from about 2mg/unit to about
10 mg/unit; from about 2mg/unit to about 9 mg/unit; from about 2mg/unit to about"
8 mg/unit; from about 2mg/unit to about 7 mg/unit; from about 2mg/unit to about
6 mg/unit; from about 2mg/unit to about 5 mg/unit; from about 2mg/unit to about

4 mg/unit; from about 2mg/unit to about 3 mg/unit; from about 3mg/unit to about



5di sorders may even have normal levels of iron levels in the eye, but in
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retinopathy, hereditary retinal degeneration, retinal detachnent, ischemc
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neur opat hy, optic neuritis, and traumati c optic 1lOneuropathy, all of which
i nvol ve OX|dat|ve stress, wgrevented and/ qor treated by protectlng

various ti ssdedng/Hnit; H@%;\@O%ﬁmﬁ/ hRPOURA# modunity fremeRaut BRGYTLAt ed by

| abile iron. aByey SJﬁwghﬁﬁtt 825/uRRYo ESOLHHQVth/@th tWonH'%b&St /Bhit & iyt 17 he
deferi prone nmay m ni st éred topi cal I% or al WhiTe an iron chel at or
1]

seems |ike anm{vmbrﬁr@rn @bﬂtﬁﬁm/ummtab@ub} amit; tfﬁf@raéf’oﬂts&mé/wﬁﬁ@ﬁb@ﬁﬁcer ns
because none n?g{/urtnp‘?n%@ Bﬁ]dt%miu Bfa%roufcéﬂgalﬂﬁt?f’rﬁﬁwlébzol%gs gty Shb@ad and
ce€ 0

consequent |y i e absen genera i 7ed 17on overl oad, an
i ron chel at omglonit; cﬂrodeali)cmtémgﬂmltliocb}ooofG 'mgzimit' &nmeatmemﬁml’urﬂlteabnmt 5 or
survival. Prior t

such f f ec on chel at or ere
o ot o o R R Bt Gnbund it 8 SR B3 abPiTe ceded
by many ZOenzwgmmt iflRdMassR 4Ry EiMdbobi 0 hgrirmiatromeasiut HMg/unfto asmﬁostaSI s,
as well as for the production of red blood cells. Thus the onl

det er i ne vvhét3HB9/U§'|t1 AR HRIt 13 Fhnut hR madenib fremmabaut Amo/unt taRget 1y1pr event i ng
e devel opauaf, i PRAR UHAIEBALALER HEFL ok RPN AL HoGand] dat

ina living ant mal that denonstrates suit eval uate the
ef fecl@ and wh@umitfrormabaew dmg/@sidbiabotss mg/lmltpérom amuaﬂmgfw telabpultor in

e s oGRS S M BKSHL B T SRRt Mg, , "

illustrative resen ere”Is provided a
met hod descr inh@'dnit)é'roei abcvd\éntg/mnnttbeabs)ubj@ntg/mﬂtsfrpmeabouusdng/dm&e@ abowat ed for

 nvent | on, 1 HAVBO PR AEY pha Soniflesbart &2 FRat R ket 7 the sub cct

has previ 0US|rﬁ(g/bﬁiEﬂroﬁﬁ 8888 Snigliniveboat af ﬁ@/dfﬁcﬂbﬁrabwﬂgﬂﬂghﬁlﬁtlt@about An
" effectlve anmpunt" of a pharmaceutical conposition accordin gg‘i‘to t he

i nvenfiPon i nd0UBg/sni; ff%ﬁﬁ%lﬁmgﬁ‘l"ﬂp Uk BtMa/dnity hierhabayt Senghurnitimabget i cal |y

- 15- 8 mg/unit; from about 5mg/unit to about 7 mg/unit; from about and from 5mg/unit
to about 6 mg/ml. A therapeutically effective amount is also one in which any
toxic or detrimental effects of the compound are outweighed by the
therapeutically beneficial effects.

20 : A “prophylactically effective amount” of a pharmaceutical composition (e.g. a
composition comprising deferiprone) according to the invention refers to an amount
effective, at dosages and for periods of time necessary to achieve the desired
prophylactic result, such as reduced or a lack of iron-induced eye damage.
Typically, a prophylactic dose is used in subjects prior to or at an earlier stage of a

25 disease or disorder, so that a prophylactically effective amount may be less than a
therapeutically effective amount. Nevertheless, a prophylactically effective amount
may be the same or similar to a therapeutically effective amount. The exemplified
ranges of therapeutically effective doses may be considered to be suitable
exemplified ranges for prophylactically effective amounts.

30 It is to be noted that dosage values may vary with the severity of the
condition to be prevented. For any particular subject, specific dosage regimens
may be adjusted over time according to the individual need and the professional
judgement of the person administering or supervising the administration of the -

effective amount. Dosage ranges set forth herein are exemplary only and do not



effective anount. A "therapeutically effective amount” refers to an anount
effective, at dosages and for periods of tine necessary, to achieve the
desired twenrapeussise result, such as inproved pathol ogy eCTicaznesosiaded

di sorders, including, but not limted to, macul ar degeneration, glaucons,
cataract, diabetic 5retinopathy, heredi t137ry retinal degeneration, retinal
det achnment, ischemc ret| nopat hy caused by retinal vein or artery
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In the following examples, double knockout (DKO) mice were used where
the mice were genetically modified to generate a deficiency in the ferroxidase
ceruloplasmin (Cp) and its homologue hephaestin (Heph). These mice develop
age-related retinal degeneration due to retinal iron accumulation, as do humans.
30 Since the knockout affects all tissues and organs, they also develop other
symptoms of localized iron excess, with a simultaneous inability to adequately
utilize the available iron for normal homeostasis, such as making new
hemoglobin (they have low hematocrits). These animals also develop

neurological deficits, including ataxia and die at an early age, typically 6-9



13 ng/unit; 4ng/unit to about 12 ng/unit; from about 4ng/unit to about 11
nmg/ unit; from about 4ng/unit to about 10 ng/unit; from about 4ng/unit to
about 9 WO 2mp/0sssse; from about 4ng/unit to about 8 ng/ woirtCA2009m@bout
Amg/unit to about 7 ng/unit; from about 4ng/unit to about 6 ng/unit; from
about 4nmg/unit to about 5 ng/unit; from¥Bout 5S5ng/unit to about 15 ng/unit;
fromabout 5ng/unit to about 14 ng/unit; from about 5ng/unit to about 13
ng/unit; 5ng/unit to about 12 ng/unit; from about 5ng/unit to about 11

mg/ uni t: fromABBuRItBaYgNTATRe MEYSuBiie sy mANths Withsignificsat impayednit to

about 9 ny/ unhity fTARBRRHe refifHsUtithedeCPRIR BfiEBALURE ackliRilaflifdH in
5nmg/unit to about 7 ng/unit; fromabout and from 5Sng/unit to about 6 ng/m.
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d Perls’ stain in the ciliary body, retina and RPE were assessed in digital

photomicrographs quantifying pixel density.

Oral Administration: DKO mice were given deferiprone in their drinking
25 water at a concentration of (1mg/ml). The mice typically drink 5ml of water a day
and weigh 30g. Mice began drinking deferiprone/water at age 7 months since
that is the time such mice normally develop the retinal changes consistent with
AMD. The animals were sacrificed at various time points that are known to
represent significant retinal and neurological damage in untreated animals and

30 the eyes of sacrificed animals were analyzed as noted above.

Example 1
Among 10 DKO mice treated with deferiprone in drinking water at 1mg/ml,
2 mice lived to 14 months and 2 to 12 months before developing some mild



10 nouse, cow, horse, pig, sheep, goat, dog, cat, etc. The subject may
have, be suspected of having or at risk for having a disease or disorder

t hat of t ewonesuisss2i n i ron-i nduced danmage or iron catal pzedAaanisbaidye
stress even when ocular iron levels are normal (e.g. AMD, dry eye, corneal
degeneration or ulcer, glaucoma, cataract9- diabetic retinopathy, retinal
detachnent, hereditary retinal degeneration, 15eye surgery and ot her
factors di scussed herei n). Di agnostic nethods for various' iron-rel ated
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Example 2
20 The treated mice (n=4) were given deferiprone for 11 days PO (1mg/mlin
the drinking water). Relative quantification of TR mRNA, determined by qPCR
and standardized to 18S RNA was shown in the retinas (See Fig. 2A) of treated
versus untreated mice (n=4), with significant up regulation of TIR mRNA levels
shown in the treated animals. Relative quantification of TfR expression is also
25 shown for the RPE/choroids (See Fig. 2B) of treated in comparison to untreated
animals. The results are depicted in Fig. 1 and show a significant difference
(P<0.05).

Example 3

30 The mouse had the right eye (OD) treated with deferiprone topically (in the
form of the eye drops, 10mg/ml) three times a day for two months, whereas the
left eye (OS) was used as an internal control. The last administration was given
2h prior to sacrifice. Relative quantification of TTR mRNA was detected by
gPCR. In the RPE/choroid there is a significant TFTR mRNA increase, indicating



Met hods Eye Drop Adm ni stration: Beginning at age 5 nonths (when

el evated retinal iron levels are detected), mce were given deferiprone eye
drops (1lOwopbmigs3ishree tines a day in one eye and cont r eCTwa2er/mys9dr ops
in the other eye 15for two nonths, with the last drop given 2h prior to
sacrifice. Eyes were fixed in 2% par af or2tal dehyde/ 2/ 0 gl ut ar al dehyde t hen
sectioned for analysis of norphology (follow ng staining with Tol ui dine
Blue) and iron content (follow ng stainin Peni s' Prussian Blue). The
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pi xel density. Oral Administration: DKO mce were given deferiprone in
their drinking 25water at a concentration of (1lng/nl). The mce typically
drink 5mL of Baxatpie 4 day and wei gh 30g. M ce began drinking

devel op the ret | nREIeRENGAEE CoLTHaR ol DRONlse FeidssiraRat sely £6n 10 ™ 1Y
sacrificed atcoMpatiSetstoluniaftel DKO rhiBat Sauéh KR@W® nichth elar@seaiedIDKOI f i cant
retinal and neur ol ogi cal damage in untreated ani nal s and 30t he eyes of

sacrificed arﬁn'ﬁﬁr@nﬂél{%e%ﬁi%ﬁ SNd£8) hgyve moss detectableRpyls stain a”’OWSNﬁ)ng 10
DKO mi ce treq.b aRsd ittt Abh AP DK s S Flb@ftcﬁrtre%edm Héfen%foﬂbce l'ived

to 14 nonths 2 to 12 nonths E)e ore deveéfgcg)lng sone m | - ataxia.
Most &0 the cﬁ@ldrmgieﬂ av drinkingewateetor 8dnentbe (akeovg. sacrificed for histol ogic
anal ysi s at younger ages, none of which exhibited ataxia. The 12 and 14
nonth old m ce had been on deferiprone for 5-7 nonths before sacrifice. At
the time of d$arniple 8e, their hematocrits were higher than t hose of
untreated m ce (3& 0% faor 5Streated mce co redto 28{) Qél%reated
control s), sugges g?ave an age-dependent retinal degenerafion. Untreate
and 13 month old animals (See Figs 5C, 5F and 5l), have massive areas of RPE
15 hypertrophy involving more then 90% of the retina (arrows), focal photoreceptor
degeneration consisting of thinning of the ONL, inner segment vacuolization, and -
loss of outer segments. In contrast, age-matched and older DKO mice (See Figs
5A, 5D, 5G and 5J) that received deferiprone 1mg/ml PO in the drinking water for
6-9 months, had near normal tissue. Examination of these retinas for the most
20 severely affected regions in the treated mice revealed only small focal areas of
RPE hypertrophy (See Figs 5B, 5E, 5H and 5K) involving less then 10% of the
retina with otherwise normal appearing retinas. The mice depicted in Figs 5A and

5D were treated for 7 months, 5G for 9 months, and 5J for 6 months.

25 Example 6
Relative to untreated DKO mice (n=7) which have abnormally low
hematocrit values (mean value 24.6%), deferiprone-treated DKO mice (n=7)
show significantly higher values (mean value 36.7%) The results are depicted in
Figure 6 and show a significant difference (P<0.05).
30
Example 7
In comparison with untreated DKO animals with median survival of 7
months (expressed by LogRank test), treated animals have significantly
extended lifespan (median survival 13 months). (P<0.0007). The lifespan of the



deferiprone may facilitate transfer to iron to hematopoietic cells.
Further, the treated 12-14 nonth old m ce had al nbst no retinal

degener atwonosng3ssanage. I n contrast, retinal danage i nPChEA2MY®©ai32d
animals was significant at all tinme points after 7 nonths and in the few
untreated mce that survived to 12-13 1@tonths old, all had severe retinal
degenerati on and danmage. (See Fig 1 and 5). Alnost all RPE cells in
a retina froman untreated, Cp/Heph knockout nobuse, age 13 nonths are
abnor mal andtreateReainale g an geder(estmaighias dheperoins Waie gpprificegderdionof Fig. 1),

the phot or ecﬁg&ﬁﬁicéﬁéﬁeﬁefgrggﬁgy é@@an%: Ecﬁ.eﬂ’\é rér]s?,lltg Qi@&%ﬂcte?%ﬁ?@ﬂﬁg Jouter

segnent s are 'di sorgani ze egenerat'ed contra retina from
14 nmonth Cp/ Heph knockout treated with oral deferiprone for 5 nonths
appears nornmal ex t for a fewmldly hypertrophic RPE cells (see black
arrow of 1o ’Bﬂf‘?gqo of Fig. 1) and the photoreceptors are normal. Exanple

2 20The treated ”S@rﬁsit(\ﬂﬂ?‘ﬂesuﬁ@f BjevBropd T € nspreothe defdriptdnedsolgtion@vduldg/ mil i n
the drinking water). Relative quantification of TfR nRNA, d@t@gr i ned by
gPCR and st aRebbaiirtatng or daragingitaihe eyRHRall i SXPEHBeRISIYEaSOP@EEeEHNy. 2A) of

treated versug,fRtLPaliRRI i (0xhibit Ahigh d%b%i6fis%ﬁ§l¥ivif§lﬁp][x;€%’5iéﬁds§’” of TR

MRNA | evel s shown in the treated animal S. Relative quantification of TfR
expr essi on i sspeéaially28smodministeredto tRPEYehdheiogulal walatien/gorrgsn peteptidat ed i n

conparison t t i L clhed, i i nd
show a si gni }‘fé’\%r{{ﬁ@?cﬁﬂx é"?e%ﬁggg S?BP&W"S%Q'E‘%@%%SF?%@?E@L %D%Jg%'{:dﬁggaﬁ%@ right
eye (0D) tr eaf abbuMiBimgleileniopheeeerttarplioval lig of ihe righteyeoof whale he eye drops,
10ng/ mL) thr i day .for t nont hs ereas the left eye (0S) was
ssed a5’ an | areiNENISBR faRis hrae alf Sk af T dteatedeighven 2 prior to
sacrifice. RebpgtdxiRatalyant hdurs afédRstilktidd, héibiiedyesl dlersbrmningd (?CR In the
RPE/ choroid there is a siqgnificant TFR nRNA i ncrease, indicati nl,%ye;]ZO- t hat

def eri prone @edeabisibgy andwasiad esing men-tareperaigepirysiplagical egling. r Ryghg t hat
the drug wl k.. U i gal i ; : rs
Fopr esent | SD'APHRH wARRISRARA IR KR LRy 1 DikizAte e R LAl
S5Exanpbe 4 1,24, 45%medi7ghonts aftesinstitiatgn, no eigrnte of ar@r intationieid decr eased

ot O PSRRI 0l et REAS ) HOREL herpBE AL A2 0L 0,

stai n (arr owappionincately @i owns post Hdsethé kodiloh fidKGasbrutests(sbeweling ikiG)y t r eat ed

with deferi PLOIR comea any of the animals, demonstrating that the formulation was neither
irritating nor corrosive and thus suitable for use.

20

Although various embodiments of the invention are disclosed herein,

many adaptations and modifications may be made within the scope of the
invention in accordance with the common general knowledge of those skilled in
this art. Such modifications include the substitution of known equivalents for any

25 aspect of the invention in order to achieve the same result in substantially the
same way. Numeric ranges are inclusive of the numbers defining the range.
Furthermore, numeric ranges are provided so that the range of values is recited
in addition to the individual values within the recited range being specifically
recited in the absence of the range. The word "comprising” is used herein as an

30 open-ended term, substantially equivalent to the phrase "including, but not limited
to", and the word "comprises" has a corresponding meaning. As used herein, the
singular forms "a", "an" and "the" include plural references unless the context
clearly dictates otherwise. Thus, for example, reference to "a thing" includes

more than one such thing. Citation of references herein is not an admission that



10PO, 1ng/ml in drinking water for 9 nonths (arrow). Exanple 5 DKO
m ce have an age-dependent retinal degeneration. Untreated 12 and 13 nonth
ol d ani mave 20f8ems3¥82gs 5C, 5F and 51), have nmssive ar ea®CwoiCARRE/0014639
hypertrophy involving nore then 90% of the retina (arrows), focal
phot or ecept or degeneration consisting of22hi nning of the ONL, inner segnent
vacuol i zation, and | oss of outer segnents. In contrast, age-matched and

ol der DKO m ce (See Figs 5A, 5D, 5G and 5J) that recei ved def eri prone

1nmg/ ml PO i nsumar@erenkem@re\mnoeartﬂ@theeprgsemmmtlom}aﬂurﬂmmmrmenah ssue.
Exam nati on e I fec s in
the treated %Béé}ﬁ] '85‘% d Se F°'?§caF g?éﬁ%@h ¥§Q€‘E aﬁ\ écﬁﬁ"f’ %‘gg?}@?( See

Fi gs 5B, 5E, sbith aratkriaK)s prrmvah\tot‘rga |hm|ohh@rmyxm%ityfddchme|nt(s) area With

th | i t depi ct ed Fi gs, 5A and 5D
oot tr oat od QSRR Her b &eBos andfadtl nEbaFEEY olbiihEe S oyl o
6 5 Rel atsFé!éifléeﬂly @ﬂarrﬂm.@@hnglﬁ@léaté@ td B&ifkcoidor&Bd b?Y@feEﬁ?ﬂ&@fh@Pélh ¥indl ow

hemat ocrit val ues (mean val ue ef eri prone-treated DKO m ce (n=7)
show si gni f i @arieughpghest foh brrein n%wn‘o%nt@@ indudas) aligyabedimgnis angr e
depicted in j 30 Exanpl e
7 1n conparlsgﬁa&??%ugﬁ?P@%&%§qﬁﬁ%ﬁgﬁpﬁgﬁﬂkngéigﬁ%gﬁgﬁméﬁ?@Fggp“%f 7 nmont hs
(expressed bgxamgksardndtdsawingst reat ed ani mal s have significantly extended

i fespan (nmedi an survival 13 nonths). (P<0.0001). The |ifespan of the -21-
treated animals is an under-estimate, as these mce were sacrificed for
iron quantification before they becane sick. The results are depicted in
Figure 7. Exanple 8 5Sensitivity Testing of Eye Drops: To insure the
deferiprone solution would



not be irritating or damaging to the eye itself, experinents were conducted
in rabbits, an aninmal known to exhibit a high degree of sensitivity to
xenobi ot iwe,20\gseseal | y when adm nistered to the eye. TireTaN2b@ 001639
irritation/corrosion potential of the product was assessed by instilling
approximately 0.1 nL at a concentrati oi23100f about 13 ng/nL into the
everted lower |lid of the right eye of 3 nale Hra: (NZW SPF rabbits; the left
eye served as the untreated control. Approximately 24 hours after

i nstillati onWhaiés elpimeddsl eyes were examined for corneal injury and washed
usi ng roomtenperature physiological saline. Eye irritation was eval uated
and scored using the Draize technique at approximately 151, 24, 48, and 72
hours after ilnstiUbabf deferiprone{drdesatreenifof @apurioarreiatad eyer diserder corrosi on
(Score of 0) t_an : ] t] i At approxi mately
24 hours pos?gggtgg?'toﬁﬂ@% rgyuﬁ18r$ﬁ'§t}frﬁ§:°§'e§%ﬁ?éﬁs‘?’s&ag 8\%\%@(% sri?gt"'fo\nj ury to the
cornea any ofetinopathp] merkditary estivas tiegenierdionhatinalhdetdchmmertascremivas nei t her
irritating nor, corrosive and thus suitable for .use..%'% . . Al t hough

vari ous enbofBRORRLY SRUSGEDY FRIDAYYEYhOLR r)ﬂPQ@P%%‘B' BIGOPYfany adapt ati ons
and nodi fi cahboRpalMgy oM MEWEs MridttdundiR cptieReubattye i nvention in
accordance wt h%?hgﬁ%:/o[%mn general know eoc?ge of @Fhoiyg skilled in this art.
Such nodifications include the substitution of known equival ents for any
25aspect of the i J -' i i

substanti al | 3? t heoégﬁaﬁg%ﬂa&gﬁ% |r%6$gﬁﬁﬂgﬂé&gﬁfaﬁg%ﬁgﬁgE%ﬂ%ﬁgﬂ%ﬁnber S
def i ni ng t heiroaimegatedrayetdisorden seleatedrisoindhe gragpscoasisting olvi glawtosia, t hat t he

range of values is recited.in _additi Q indi vi dual ues within the
recited rang@a%é?igd'e%eé'&rﬂ'r&oaqalﬁy ’ b%'i:e:&{q@& rleﬂ'bqeflqgagb)egéﬁ%he r%t:(n he range. The
wor d "conpri gletsghmiest, isthdmitcreintpaiby aausdddyastis deih drearieyy scohssienst i al |y
equi valent to the phrase "includi n(g, but gé)cs limted to", and the word
"conpri ses" eRICRRUCSHERRAING OREGRPYIES: ARJ trRWRARPRICIEWRAIRY - ngul ar for s
"a", "an" and "the" include plural references unless the context clearly

di ctates otherw se. Thus, for exanple, reference to "a thing" includes nore
than one suck-t hi hge ues phelpign! 6F 2wfessia Hraxdefnaprena is suitable Aol ssi on t hat

-22- such refgrfNSEsioAre€ prior art to the present invention. Furthernore,

mat eri al appearing 1 n the background section of the specification is not an
adm ssion that such material is prior art to the invention. Any priority

docunent (s) gre i r h } . e . g i ndi v dual
priority docglr'rent ?ﬁgﬁlgggﬁé'g@q fé% p’yggeﬁrﬁjﬁ'{en(gﬁﬁé\)ﬁ? 8@? Sygli't%@?g%'!tl@gfc\é{) be

i ncor por at ed dayninisttatioance herein and as though fully set forth herein. The
invention includes all enbodi nents and variati ons substantially as

her ei nbef ore described and with reference to the exanples and draw ngs.
5. A method of treatment for an iron-related eye disorder selected from

the group consisting of: glaucoma, cataract, diabetic retinopathy, hereditary
retinal degeneration, retinal detachment, ischemic retinopathy caused by
retinal vein or artery occlusions, ischemic optic neuropathy, optic neuritis, and
traumatic optic neuropathy, the method comprising administering a
therapeutically effective amount of deferiprone to the eye of a subject having

an iron-related eye disorder.
6. The method of claim 5 wherein the deferiprone is administered orally.

7. The method of claim 5 wherein the deferiprone is administered

topically.



-23- What is clainmed is: 1. Use of deferiprone for treatnent of an
iron-rel ated eye disorder selected fromthe group consisting of: glaucom,
cat ar act ,wd0i2atvaisass2r et i nopat hy, hereditary retinal degemerata2009/00163bi nal
detachnment, ischem c retinopathy caused by retinal vein or artery

occl usi ons, ischem c optic neuropathy,-2ptic neuritis, and traumatic optic
neuropathy. 2. Use of deferiprone for preparation of a nedicanent for

treatment of an iyon-yelated eye disorder. selected frgmth roup

consi sting of: gl QE%B e,feﬁ%{f’a?élﬂ'f%l%ifoég%‘{'?% aPBYﬁ"ﬁ*biﬁQf‘ﬁ?t”??@?“gai ‘%ary retinal
degener at i onjrohfblaftdl eyéedidBemnt , i schem ¢ retinopathy caused by retinal
vein or artery occlusions, ischem c optic neuropathy, optic neuritis, and
traumatic optic neuropathy. 3. The use of claim1 or 2 wherein the
deferiprone igs suj - ¥R S HR{ i ; ainms 1 or
2 wherein thg's def lé%?gt genfgﬁérgﬂéﬁlhltta ed?ftozéléf}tggmftrégrﬁﬁfg%rﬁgrtaﬁg%.%Jf 5 A
met hod of tr eahedicaméntrfornedtment ofdfantrethted eyeldisordges. sel ected from the
group consisting of: glaucona, cataract, diabetic retinopathy, hereditary
retinal degeneration, retinal detachnent, ischem c retinopathy caused by
retinal veinior arheuye ofchius8ons wheseihem corondlated ege dizpeddrys optic

neuritis, and traumati ¢ opti c neuropathy, the thod conpri sing
admi ni steri n@eECﬁq F%g?.ﬂ redp P9”%?tf”§(ﬁfia\g§frﬁl a cfarotiqgg}ap 'BRe to the eye
of a subject g'fhﬁfébﬁﬂ, aétararcerwaruéna}&mogmyﬂhé??ﬁi&yfetin@l ddduner@ionod of claim5

wherein the deferiprone is admnistered orally.” 7. The method of claim5
wherei n t he delfnat Peleghaents isaliemisi retironsathyt eavised by yetinal yein orgrieyse of '
def eri prone Lit & : - OR€ Wl at Lo . Of
iron-rel at ed%@ﬁ@b%ﬁ%@?%@qﬁgﬁ%ﬁ yﬁ%"?'g?‘}sg'ﬁ%{ngﬁ%%tﬁ @%Fge?tgfr) t opi cal

adm ni strati oweufapathyr eparati on of a nedi canent for treatnent of

iron-rel ated eye disorders. 10. The use of claim8 or 9 wherein the
iron-rel ated eye disorder is selected fromthe group consisting of

age-rel at ed macul ahe degehdniat 8 on9 wHeaein tmmirorc-adlated elye diloadeatis ¢ r et i nopat hy,
hereditary retina de[%enﬁr a(ﬁi on, retinal detachnment, ischem c retinopathy
caused by r et39RHFaled maghlardeaensralioR| usi ons, ischenic optic neuropat hy,
optic neuritis, and traumatic optic neuropathy. 11. The use of claim8 or
9 wherein the iron-related eye disorder is a(]:]e-rel ated macul ar |

degener at i on.12. 12Thewee gelaigt 1 wherain thapge-@laied macyige degenaralipiificul ar
degener ati on d,§q&xidat i ve.

13.  The use of claim 11 wherein the age-related macular degeneration is

nonexudative.

14. A method of treatment for iron-related eye disorders, the method
comprising topically administering a therapeutically effective amount of

deferiprone to the eye of a subject having an iron-related eye disorder.

15.  The method of claim 14 wherein the iron-related eye disorder is

selected from the group consisting of age-related macular degeneration,
glaucoma, cataract, diabetic retinopathy, hereditary retinal degeneration,
retinal detachment, ischemic retinopathy caused by retinal vein or artery
occlusions, ischemic optic neuropathy, optic neuritis, and traumatic optic

neuropathy.



13. The use of claim 11l wherein the age-rel ated nmacul ar degeneration is
nonexudative. 14. A nethod of treatnent for iron-related eye di sorders,

t he met hoocommssseng topi cal ly adm ni stering a theraperciraazbo/meidecti ve
anount of deferiprone to the eye of a subject having an iron-rel ated eye

di sorder. 15. The nethod of claim 14 ¥%erein the iron-rel ated eye di sorder
is selected fromthe group consisting of age-related macul ar degenerati on,

gl aucoma, cataract, diabetic retinopathy, hereditary retinal degeneration,
retinal det adBnenthe medhechofclaian 1hwhereinthe ifigadalalad ¢var disiAerisi n or artery

occl usi ons, ia_@gg_gme%éggw% ‘?}ﬁéﬁg%%m’ optic neuritis, and traumatic optic

neur opat hy. of claim14 wherein the iron-rel ated eye
di sorder is age-rel ated macul ar degeneration. 17. The nmethod of claim 16

wherein the e-r e ' [ %Hq [ The met hod
of claim 16 \?\Iﬁ(ar e?h@heih%éﬁé)%ﬁaﬁ\gﬁ&n%[:n%g%gggélgﬁer a? %lg%'e??eﬁghaééﬁdati ve.

19. The net hoslexafdativé@i m 14 wherein the subject has previously been treated
for an iron-related eye disorder. 20. The nethod of claim 16 wherein the

subj ect has previously been treated for age-rel ated macul ar degenerati on.

21. Use of defgeri phoRfethdd ofIANETS WREreR thel4@B-reRtiCREc @ edsiimeegion 22. Use
of deferiprone for preparation of a nedicament for prevention of

i ron-induced iepenexyfalee. 23. The use of claim 21 or 22 wherein the

i ron-induced eye damage is a physical distortion of the retina. 24. The
use of claim 23 wherein the physical distortion of the retina is scarring.
25. The use d. cl ahemithad ofxdaimhed whereirhibeisubject nrkupredioosly béanage i s

abnormal vascul ar, growth. 26 . The.u of claim21 or 22 wherein the
iron-i nduced(ire%?gedcfgﬁﬂﬁgopgelgggoeygsdésooig%{t ed with an iron-rel ated eye
di sorder is selected fromthe group consisting of age-rel ated macul ar

degeneration,_ glaycoma, cataract, djabetic retipopathy, hereditary retinal
degener at i on,2% et #ﬁamed'é?fgefﬁ%'m 16 Y"b‘érﬁéﬂﬁhé subject has prezlougly been

treated for age-related macular degeneration.
21.  Use of deferiprone for prevention of iron-induced eye damage.

22.  Use of deferiprone for preparation of a medicament for prevention of

iron-induced eye damage.

23. The use of claim 21 or 22 wherein the iron-induced eye damage is a

physical distortion of the retina.

24. The use of claim 23 wherein the physical distortion of the retina is

scarring.

25. The use of claim 21 or 22 wherein the iron-induced eye damage is

abnormal vascular growth.

26.  The use of claim 21 or 22 wherein the iron-induced eye damage is also
associated with an iron-related eye disorder is selected from the group
consisting of age-related macular degeneration, glaucoma, cataract, diabetic

retinopathy, hereditary retinal degeneration, retinal detachment, ischemic



-26- retinopathy caused by retinal vein or artery occlusions, ischemc
optic neuropathy, optic neuritis, and traumatic optic neuropathy. 27. The
use of clworlossess222 wherein the iron-induced eye dana@eTiCA2009801639
associated wth age-rel ated macul ar degeneration. 28. The use of claim 27
wherein the age-rel ated macul ar degener2f-i on i s exudative. 29. The use of
claim 27 wherein the age-rel ated macul ar degeneration is nonexudative. 30.

The use of any one of clains 21 to 29 wherein the deferiprone is suitable
for oral adni'Blinapatityicaysed By retingbveia ar arteny AFclyaleNSfISeMIGBPYAL to 29 wherein

the def er i pr GaGrdghsbbAOh rhSl ad RAGAASHTeBldraithon. 32 A method of

preventing iron-induced damage to an eye of a subject at risk for
i ron-induced eye damage, the nethod conprising adm nistering a

prophyl acticaldy [ end 1 } eCh . 1o 33. The
met hod of cl géu?m J‘*%ﬂ%’?gfﬁaﬁ*ﬂé”@5%%5‘%3%@‘463‘%“@99@?‘%%% %%ﬁ'tgiacl)sr? of the
retina. 34. abbeciatetivoith agfe-reladédmasulehdeganerdtion. physi cal di stortion of the
retina is scarring. 35. The nethod of claim 32 wherein the eye damage is

abnormal vascular growth. 36. The nethod of claim 32 wherein the

i ron-induced 2gye dREREE of Slas 2P WHatSAA the ddb-Rlated AicURK abgsherdtfordssor der is
sel ected fromthe group consisting of age-rel ated macul ar degenerati on,

gl auconmm, cateXHde¥Ve. dj abetic -27- retinopathy, hereditary retinal
degeneration, retinal detachnent, ischem c retinopathy caused by retinal
vein or artery occlusions, ischem c optic neuropathy, optic neuritis, and
traumati c optd9% ndbesigahglaim 37 wherein the gsireddted mecniag degenaration ishe

i ron-induced %%g &ﬂ#@ge is associated with age-rel ated nacul ar

degener ati on. E9R& met hod of claim 37 wherein the age-rel ated macul ar
degeneration i s exudative.

30. The use of any one of claims 21 to 29 wherein the deferiprone is

suitable for oral administration.

31.  The use of any one of claims 21 to 29 wherein the deferiprone is

suitable for topical administration.

32. A method of preventing iron-induced damage to an eye of a subject at
risk for iron-induced eye damage, the method comprising administering a

prophylactically effective amount of deferiprone to the subject.

33. The method of claim 32 wherein the eye damage is a physical
distortion of the retina.

34.  The method of claim 33 wherein the physical distortion of the retina is

scarring.

35.  The method of claim 32 wherein the eye damage is abnormal vascular
growth.

36.  The method of claim 32 wherein the iron-induced eye damage is
associated with an iron-related eye disorder is selected from the group

consisting of age-related macular degeneration, glaucoma, cataract, diabetic



39. The nethod of claim 37 wherein the age-rel ated macul ar degeneration is
nonexudative. 40. The nethod of claim 32 wherein the subject has

pr evi ouslwolesmsssseat ed for eye damage associ ated w th PCorcA206bl0016Bhe

met hod of claim 37 wherein the subject has previously been treated for
age-rel ated macul ar degeneration. 42.-Fhe nethod of claim 32 wherein the
deferiprone is admnistered orally. 43. The nethod of claim 32 wherein the

deferiprone is admnistered topically. . _ '
retinopathy, hereditary refinal degeneration, retinal detachment, ischemic

retinopathy caused by retinal vein or artery occlusions, ischemic optic

neuropathy, optic neuritis, and traumatic optic neuropathy.

37.  The method of claim 32 wherein the iron-induced eye damage is

associated with age-related macular degeneration.

38. The method of claim 37 wherein the age-related macular degeneration

is exudative.

39.  The method of claim 37 wherein the age-related macular degeneration

iS nonexudative.

40.  The method of claim 32 wherein the subject has previously been
treated for eye damage associated with iron.

41.  The method of claim 37 wherein the subject has previously been

treated for age-related macular degeneration.

42.  The method of claim 32 wherein the deferiprone is administered orally.

43.  The method of claim 32 wherein the deferiprone is administered

topically.



