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salt thereof for the prevention of the devel opnent of synptons in
Friedreich ataxia in patients resulting frommtochondrial iron-induced
damage, sufficient to treat Friedreich ataxia. 15According to yet another
aspect of the invention, there is provided an effective therapeutic anount
of deferiprone or a physiologically acceptable salt thereof for the
stabilization of synptons of Friedreich ataxia in patients resulting from
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therapeutically effective anmount of deferiprone or a physiologically
acceptable salt thereof sufficient to reduce the synptons of Friedreich
ataxi a. According to yet another aspect of the invention there is provided
a met hod of treat ment of Frledrelch ataX|a |n patlents resultlng from

I - I o N N o,




deferasirox in the manufacture of a pharmaceutical for stabilization of
synptons of Friedreich 25 ataxia in pa_tl' ents, conprising the adm nistration
of a therapeutically effective anount ot deferiprone or deferasirox or
physi ol SUMMARY @ICEHEAINEENTION t her eof sufficient to stabilize synptons
of Friedreich ataxia in patients resulting frommtochondrial iron-induced
damage. According to yet another aspect of the invention there is provided
the usermd afRhPiRGAIGH he "3 [sQat Pt { ;

phar maceut(i: ca fh or lI(rl)ée%ﬁuct i’iegﬁ@rg?r‘? g@n%?%%ﬁ%fl%ﬁr@g{?@?%ﬁ@tdgi?gﬂlglﬁﬁ%é%si ‘ent S,
conpr i saaegmuh&omdms notstonaitlered tiof criticahfac@p énutheclidehye) efnfleniichverea e aimfif to
deferiprone or. deferasirox or ysi ol ogi cal |y acceptabl e salts thereof
suf P of RANENs GVl 4 v enEon ywﬂ%ﬁséafmpgfr%%% Fhelption esimeth e eapesived or
resul tiRgpde@ymihas hANdIb@lvel fR NrelibAHSE Ofle SRIBIR cells Afecte GHAIHEANG HBnY Ot
anot herlﬂggpect }g} t he inventvieon tﬁelre |gs fc)r ovi glgdcet: se ug%eof Edé’?ed:l?’pr one,
or def egcgsmplgiedi mon ldye nanfifitasinudeficincy). pHsle nfiett ethtt tely they haveatispidgedthe

Friedrej.ch.ataxi.a,in patients,_.c rising th dm nistratjon qf

t her apettadlh (40 dh dobinyial BB 16T PAGRLY Ml Be GP gefeihak meoshopfd conduct
physi ol mliamlaly seafeplabé®rmsiabtis dupehrREstaididd 6F @RS JofentihEBbndtt| GAERICAT
ataxia. 5 According to another aspect of the invention there is provide

t hd Ous echelatigre therapyr based oorageite sysheasedefériprons; cowld inprovee dpnBmtlamoéntslyprpbloms of
Friedrej §§ﬁ@i i rhent .resulting frommtochondrial iron-induced
danage?hggﬁp I |ﬁ8(%gﬁfﬁgg?épﬁﬁb to the patient a therapeutically effective
anount of deferiprone, or a physiologically acceptable salt thereof in

order to reduce 10the iron stores in the mtochondria. According to yet
anot herMaSpBeEt off ovh&oneapb i Bying el @ermeant dyord eheleters, uweh ofs defeeipiope ovte

for t hQie?etr Og(l t%addldﬁ',@s ﬁI rﬁ?f{mxtoﬁﬁﬁal %ceﬁglrehcgﬂ{n?&eﬁré&?ét'a%a'ag a.aprr%?%}rg %Q ect, we .
resulting from mtochondrial Iron- T nduced damage, conprisi‘ng adm nrstering
t 0 16he rpfat iterdt new t stedyapgottingabh ythe freteibler eolarsfufitapih ihS5debgifyipg A, in0fhea
physi ol o.gi Bal acce ta@ae saJt thereof in qrder to reduce the iron stores
in t he THqHe iPLOPOSEE BY Giarly ot - @FO%B@%ﬁrOasdﬁwﬁ@rwweaPlﬁ%tmf%ﬁmhere
s provirdgslatiiembs G PR it RhE] ia
in a pati enft1 1r esul ti ngS g}?gﬁwﬁi '?%gﬁggn r(} ﬁ&ieﬁﬁﬁeﬂg%%ggélagmge,%gﬁd%%
conpr i $¥engtiesddionilstrdioiet 79pdeih0.pe3/lemp/ddi46h éputpishied aratheywebf dreDedentbendhunt
of deferjpr r.a physiologically acceptable salt thereof in order to

r educe%@hg : ﬂ&gﬂe gqagpggn.f/ynw% 8'9 e ég%ﬁtﬁﬁtrtﬁ ¥ PIRSE SYRROKY tlieoc%‘fpt%ﬁ&tﬁg?" W¢pect
of 29 he off eaNEdnaRishBBE Bctich RERH S8 holBEstitBLahie H&f &rde!Pérgy?&qef iAlthd H@atﬁ%ﬁ@cﬁ? al
of synptons of Friedreich ataxia in a patient resulting frommtochondri al

i ron- i hagdeirh2saxdmaredpesritedrbstavei ng adm nistering to the patient a
therapeutically effective anmount of deferiprone, or a physiologically
acceptabl e salt thereof in order to reduce the iron stores in the _

M t ochardsiding WCE Prietiang abecy OF tiR flveRiod SRt is Prodil&d any&apdRalleffeetiv
provided a therapeutically effective 30 anount of deferiprone or _

physi oprBgHapl pengtariperabiren sheletorh ewcboss fieferipioae pr elebanasiton wf pliysiotegicadiyced

neis o- i j se | aljents resulting fro i tochondri al .

e . SRR A SRR Al SO A TR T APEDRR A gy g
physi obwigeltalbt yoragaepinddbethedrhin! AeY Rofeniode RFoRS fosB thiésaldodhphRBdsS, dddor thon
stores i.n the mtocho i - 18 - According to yet another aspect of the

hondri a.
i nvent MAiheath dheecellylas pp ynigacglulat mishapding of atonyn grertseinj ve anount of
deferiprone or physiologically acceptable salt thereof for the
stabilization of iron-induced neuro-degenerative disease in patients
r esul t Iimepef androdivh¢r elocvaiditiin beimgrdatedus Btedlaivhgeaxiconpri sing an effective
angémt of deferiprone or a physiologically acceptable salt 5thereof to
preferentially reduce the iron stores in the mtochondria. According to yet
anot Nefn ARARE bmBbdihfle: i \BRLBRLLRE titalbd itIMIIRH aithgL apeut T cal 1y
ef fective anount of deferiprone or~physiologic accept abl e salt thereof
for the treatnment of iron- induced neuro-degenerative disease in patients
resultjng. fr m tochondrj al iron-induced J10damage,, conprising an effective
arrt)untir’&(fJet a%cgg]?rieﬁ‘}bé’ﬁgng’ri the epndiion bsiedzsated lggerg&sgmsglsg % thereof to

preferentially reduce the iron stores in the mtochondri a.

35  In yet another embodiment the condition being treated is Alzheimer’s disease.




According to yet another aspect of the invention there is provided a
therapeutically effective anount of deferiprone or physiologically
acceptabl e salt thereof for the reversal of iron-induced 15

neur o- degener ati ve disease in patients resulting frommtochondri al

i ron-induced danage, nPr|5|n an effective amount of deferiprone or a
physi oll8gietanoter ﬁ@é@@ﬁé’ hesapditiom beipg freated jsraylepleseicrasisy reduce the iron
stores in the mtochondria. I n one enbodi ment of the nethods of the

invention the active ingredient is deferiprone, 20deferasirox or
physi ollagetalother ambeditreht the sahditon being atatbdis hemevkromangist he devel opnent of
syggtons of Friedreich ataxia resulting from mtochondrial iron-induced

ge in patients. I'n yet another embodi ment of the methods of the
i nvent ifgR et zﬂf%tlﬁ:? tellnrsedlhragr &€ 'celrmubl%b@lﬁé GEAtBd RNEalleAREFnaghALX OF
physi ol ogi cal ly acceptable salts thereof for stabilizing the synptons of
Fri edreich 25at axi a resultlng fronlnltochondrlal iron-induced damage in
patients. In her hods qf the invention the
activeIPﬁaﬁgﬁﬁﬁhan H@P@%Fﬁ?%hge %% F&QF%@ B HE™F-0gi cal | y acceptabl e
salts thereof for treating Friedreich ataxia resulting from m tochondri al
iron-induced damage in patients. 30 In yet another enbodi ment of the
metAoddn get anhther ermbediment tha eordition/beinggeated ismacilar dedeseiagipnne, def er asi r ox
or physiologically acceptable salts thereof for reducing the synptons of
Friedreich ataxia resulting frommtochondrial iron-induced damage in
pat i entAsccordingltd anofh@r aspettidithevestiomhtreqd plohRled a@h&@hpdufieallyafedtiv @ imbiie
active ingredient is deferiprone, deferasirox or phy S|olog|cally accept abl e
salts rheFBFpProngor deforasitox 95 Phreolegieply ﬁ%ceﬁ‘ﬁblﬁrsia’é%ﬂ@r@ﬁ tey prsterantialy yeducsg
fromm i
erbod ong ogy ippEle e Bsd Rk S8Ees IR ROl e iy il p6BLP BE ¥ elule

def &ri pmisadlidedBrasinthxbain foh i ppbagticabl romadapiddingageal t s t hereof for
stabilizing the synptons of Friedreich ataxia resulting from m tochondri al

i ron-induced damage in patients. In yet another embodi ment of the use of
the | nweakidan thRGoMEL AspEetl AU ﬁ\/@tﬁ on'thie ‘? o'vﬁ%@ 'a%erépeg aEarl ercﬁ??e Shount
physi ol ogi cally acceptable sa ts t hereo r treatin riedrelch ataxia

r esul t ohdeferipreriot defecasttok al physislegicalixc and:eﬂtabrlagelts thepeal ite@ pteferentially ryditce
anot her enhodi nent f t he. use of 't i nvent.ion the active_ingredient is
def er i BF RES ar 4l fsi s RIS ﬂrfglrrelgr qri/oz L2 BR et eGP prishaga o,
regyici RfsHaR@liSYSMERTR (10 brafn BEHRIsEbilARbRYT Rod-BRUELd dihdgeOm m t ochondri al

i ron-induced damage in patients. In another embodinent t e nmet hods of the
invention nay further conprlse an oral dosage form of deferiprone,

def er asi i ol ogi.c ac bl e salts.thereof .W t her
exct pr i ingo BV iresarks Of i a Rt R Bite ToRroviad b At bR UEe spagunt
furthepf Gﬁe’xﬁﬁﬁﬂoiw oaaeiefa@iroﬂ e 9%131@%@131‘ a&@ﬁt@tﬂb RENBercde i prR&rEM}IQ reduce
physi ol ogical |y acceptable salts thereof wth other exciplents. In

anot heer enderdneasive thhioxireirdrogigresfin theebrpimaadior énmitigatd ﬂmtmﬁulatomtmeﬁlu&ar |y
unt rQpe ofr S|olog|cally accept abl e
aart RO AAMOk B e G R gL SbEobin st aBeng) kg 1o the

patlent. In yet anot her enbodlnent of the invention the use may further
conprise daily adm nistration of an amunt of deferiprone or a

physi OJL\QerG ?'tcy aRGR&s t%f 8R! ihvddtieh eRdre %&5}%{11@9& h %éré/pehﬂcatli}eeffeéﬂgeearﬁéurﬂp to
80 ny/ k he pati ent. I n anot her enbodi nent the nethods of

i nvent fmgronm o1 Mcrasmrp pi pbysadnglmllsyc acatptalie odltsathaweof {0 pll@ﬁfatgélaamcmxce of

deferi ron sj ol agi t.abl | t th of bst an

he. 1 angands st B BkoRig Ry farey AR IRE AT o7 b el iR pefUiar G Rlp it "
engodi fishndlfngtdTeroh B B HrAA hhde USRraRYf frod-iABEedCRidRigse admi ni stration of
a daily dosage anount of deferiprone or a physiologically acceptable salt

t hereof substantially |n the range of up to 30 ng/kg to the patient. 5 In
anot he s of 1t further conprise

admi nll'rs Oﬁlgt%%g)r?gﬁgén&}% 180 em§ U pe%ﬁ% of ‘-‘8‘85 tzmar/one or a physiologically
acceptabl e salt thereof substantlally in the range of 20 ng/ kg to |l ess than
80 ng/ kg to the patient. I n yet anot her enbodi nent of the invention the
use mel Mathenepbedimsn the captition Beingirpeiad srHuntingtea's dis@ssage amunt of
defseri prone or a physiologically acceptable salt thereof substantially in




the range of 20 ng/kg to less than 80 ng/kg to the patient. Preferably
deferiprone is adm nistered in a manner,sel ected fromthe group of
i ntravenously, transdermally, rectally, orally, bucally, or aurally. 15 In
yet anoinhert asotha@inbedimedt tHeltendifive Bing frehtoe isFekif®yn’§ diséRer conpri se
deferiprone adm nistered in a manner selected fromthe group of
i ntravenously, transdermally, rectally, orally, bucally, or aurally.
20Pr ef %?@l Xnﬁﬁr%@bBEMt IS BHELBL ﬁ&ﬁg 69228 4 AW heilfdrQURefIEPOdI Ment of the
met hods or uses o e 1nvention 't osage formis a nodified rel ease
fornulation includlng sustalned rel ease. 25 In anot her enbodinent of the
od s of the inyenti erlprone IS istered in addition to
ot h SIEQY ef’r‘é‘}? et gRbPHMSRLAERIC gpngr yeated @Bﬁéﬁépg\’?@gﬁ?sﬁur elis an MR
V|suaI|sat|on of iron accunulatlon in dentate nuclei of patients with
Friedreich ataxia Figure 2 represents a tine course of nean R2* values in
t he | efln yghehothey Iqmbdgimeat deganditon béing eatedisshewiochroRratasty ei ch at axi a
receiving deferiprone - 21 - DETAILED DESCRI PTI ON OF THE | NVENTI ON Two
critical factors remai ned outstandi ng and unproven that prevented our use
of an ihget &ldelertMboditheaeie cahditiomBeidg trehitbdsAMleriodddaspdteul ar, in the
treatnent of Friedreich ataxia. The frrst 5 was whet her patlents W t hout
gerlral i zed iron overload could safely be adm ni stered doses of the drug
that c he s ond was how effective
was de?H&9}#§%§¥§%bé?g§%@$ca%@ﬁhgﬁﬁ%é%aﬁﬁgogho '%%n, not just in an
in vitro situation evaluatlng a cell system but |n vivo? To address both
guestigns, we conducted studies in animals, 10 Studies of Iron Chelation in
Non- | r o Y@P@PF@&H‘@H"WR@% couditiorn being treatedisgaacular degensiatiohe pot ent i al
toxicity of iron chelators, we evaluated the toxicity of deferiprone in
nor mal nonkeys receiving 150 ng/ kg/ day (75 ng/ kg twice daily) for 1 year.
15151. Adopeiitg weinﬁmed&ﬂpectrdf niee inkrentiomxtheretiy pmfvuﬁéfa&hérapdmlﬂeallmeffectlve amount

non-iron-| paded cy us nopkeys follow ng tw ce daily or (gavag
adni ni SF AieFBFene G Tisgp T3sHRY OF R Yelogicalks acosp@blesaliy Hhetrad do p erf:@tgarlleysrgiiw of

any to W@ﬁg
G oups)ég? er%%{m%guﬁfh% Q&xé n% e m)sn eys I?Rmthgﬁ%ﬁflgogﬁfslé gféﬁe’%%e“ r Oeizlgoégﬁngﬁa
nasogastoniindiced deangon at (0.5@6m/v agueous carboxynethylcellulose vehi cl e)
75 nmg/ kg deferiprone twce daily (bid), 25 wth 6-8 hours between doses,
for at |l east 364 days. 1.3. Moumitoring. dinical signs, body weights and
fopg i mca&qlrygetb%naﬁl&ea%?@& Althd Qe R thérR SRl dRd a?tﬂer%tlba 3,!7&#&%@ Qﬁmeﬁid
cardi ovascul ar exam nations were carried out in Weks

60. Heﬁﬁti@)ﬁenglgﬁne ©0 égi@raatrpb or phj'suripg]aalbc h@nptgblue;salamﬂlemouf raepm&evramtailerrrsduver e
neasured at in W\ Ies
wore 1 Skesnad R Rt ih SPREdu e Rashemin firdRe sEizpneg opetondnal
assessﬁﬁﬂmnémmab@n§§gun1deferlprone ti me-concentration profile. A ful
necropsy was performed on each aninmal, sel ected organs wei ghed, and

hi st opat hol ogi cal 35 exam nati on of abnornalltles and sel ected tissues

conguc .- ical S.dn an

s el € noner fpeRE Mg enuielihd iy S PR PERL e AR e o
no def ef d¢fetiprens et atfethsed:f Gﬁﬁ)ﬁysilﬂoﬁi@ﬂw X@bﬁlhﬁle shigOghetedf &kprefé?&hiaﬁl§|r8@ic@9y,
cardi ac conduction, bl ood pressure, heart rate, and hematol o urine

conposPk FEgAer mastate the dondcirs Heicedn A mitoeimndyia floothegratmentfq émt@ré@né@al and
for upibRidduled &@fﬂk peak

30 According to another aspect of the invention there is provided a therapeutically effective amount
of deferiprone or deferasirox or physiologically acceptable salts thereof to preferentially reduce
or render inactive the toxic iron stores in the mitochondria for the reversal of mitochondrial iron-

induced damage.




concentrations ranged from25 to 30 ncg/ m throughout the 52 week period of
treatnent, 10 representing concentrati? s that were about three tines peak
concentrations observed in thal assen a géti ents treated with a standard
dose of Adbrdiftkeg idvtiee dsheseSofdebe! MvertRmUMeRakd Fakdvfl@edr fRoe® bf AeFLipRieZerd9d h
i n individuals. No macroscopic findings related to deferiprone were
f ound. deerasiEaxgy dbpsielogicaldly sepsptiablesalts therepf rthe srgelactomiashasoaeytien for
attrib . e iLprone. 1.5. Concl usion. Def eri prone
gi ven rrg n?/lg?té)?%ﬁng?@%ﬁ%%%&ggﬂg{%ﬁ%ﬁml gus nonkeys at 75 ng/kg twice daily
for 52 20 weeks was wi thout significant adverse effect. The total daily

dose used in this study was double the dose normally used to treat iron
over| odtERerHAEE i te rAnOthf 1asPech ATalds cipventionhitisee i PEvisdethgnesepel dewrarme et e
critic L est LShi [ Yol to
ot R R SRRl Gk able M R B AR AU bR Rt 16"

i nf or mestabolizatine of syuhtome vf Faedeeick sarimended that an iron chelator in
general, and deferiprone specifically, be attenpted in patients with
Friedreich ataxia. - 23 - In Vivo Studies of Mtochondrial Iron Renoval by
Chel at '&é&okd?n%?% SanBtheP akpecPlofahb ahO&THoR! ke KOPRATdLATMEN 3 %@Eﬁh?{oﬁe oe
conduct ed hi stol ogi c exam nation and el ectron m croscopy (EM of tissues

f ollDowideéerasiten or phwiielggicalOaaseptihje saltrtherostindhé manwpeniea dfrageiatigadewiicag for
weeklyrf )| i]é)oug vvee[ksg ;?r(&/t%s (a 00-250 g) and treatnent with deferiprone.
Two cortFTORPLBEEPtams pLfdedeirh a@Kfyi ed, one with no iron | oading ("Nave")
and the other with iron | oading but no iron chel ation. Def eri prone was
adm ni stered five tinmes weekly (daily Mdnday to Friday). The aninals

recei veEcoplimy tojgmetier gspepl ofiahe iaventioo therekis pvided thy weadf defeeipwne or
Qual i t at.kyve.hi hcal j i th i ain i.th E _showed
o degoetef & BrRERt T RELARNL Sl TherEinitd QBB ey ST R
t hése wastneent af Beedreicluntak@at i on of iron in the liver, and a random

accunul ation of iron in the heart. 151 1 I A large accunul ation of electron
dense granule-like material was observed in the liver and heart 1 sections
of iron r L: . I Ss
appar oo fiother iR GFUE DR Bereiy BECA £FRABITR Rolifl 88
c hange stagtzcinr pagignts meswitargofitiagatodhondtal gidneimdeedd| damags, ¢onvgrisinpoidnainistermet s.

Macr ophages in the portal tragcts frequent had | ar 20 accunul ati on of
i ron i ff fifePdtsht Hh‘%weflﬂ%alfﬁ Hchiomamoint o4 %{?}?E%Hﬁaf’i érﬁ%%r%fn@%pﬁ%w}e@
wasg i I LeghlaBle Wids hhér@éfes{d?ﬂéielﬁ:]t%%éa!t' TeicllR%ch e{tQﬁH'rEé#ﬂQn %ﬁ%ﬁ@&&ﬁﬁg iron-

enl argenment of affected mtochondria. Large anorphous aggregates o
degenermtueedianmageondri a with or without vacuol ati on were seen occasionally
in the cytoplasm of severely affected nonocytes/ macr ophages and resenbl ed
phagol ysosones. Yet, there was little evidence that the 25

NONOCY W@ raRG @Wgﬁ&hélaé&?&ft‘ QRS AfveskioM, et @SroRfded ¥t :APthaS B GrdvRh&Y theY

and dissol ution of the cytoplasmand organelles. The nost obvious
accunufeselepment of sgmipteans of Gtisdreich chtaxam do phtigntsvaesulbimgnfrom mhechonddd Hoordr i a

of ,periviascular nonocytes (pacrqphages). The severity.of t accumnul ation
BRSAT ST S R R T e B R S
cl ear #éfatipioneadefetdsitx t 6 FRPAbRIERY AdcoptabléetdifacherdoTesiEivRAt 88 CH&Sert! ON
in the mtochondria, the latter condition relevant to Friedreich ataxia. -
24 - | powptewsfasdreiol agxid ogr ams per gramdry tissue SD as determ ned by
| CP- M5
According to yet another aspect of the invention, there is provided a method of reducing
30 symptoms of Friedreich ataxia in patients resulting from mitochondrial iron-induced damage,
comprising administering to the patient a therapeutically effective amount of deferiprone,

deferasirox or physiologically acceptable salts thereof sufficient to reduce symptoms of

Friedreich ataxia.




Heart Liver Kidney Thyroid Lung Skel etal Miscle Naive 27625 376127 30580
9513 37645 5017 Fe-control 1,08836 11, 534554 80139 583275 1, 234227 205109 f.
Def eri prone 586143 7, 7801, 637 642104 425228 1065101 14649 The data :
denonst Aadeeding hatyel srithdr @gsticngf thesiHléntidni thefNisgeeWaRd @icBibdodf dtinizihg thdhe
m tochondria of these animals and that deferiprone has the ability to
reduce HUHOMY QfiFrigdicichiatgxia iy patents resplting: lseip anitechepdind irontigdeced damage,h ]
meani n ' - al i f ' t ' - ' e n I she
nork of araseRBE Al g Bt Mok fuliBHRy el i ERRILE NeRHBosS
usi ng fddiergscencphysiodgeallyAdceshleisaltethepdof shffidiant @b Istabilizel tAbish@pionanof
pool_s %;rr ct targets of iron chelators: a fluorescence study of chel ator
act isonalf'erF ‘?@P #§8el |'s. Bl ood. 2005; 106: 3242-50). The 10 study was desi gned
to evaluate the capacity of clinically inportant iron chelators, such as
deferiprone, desferrioxamne, and deferasirox to: (a) gain direct access to
i nt r acehd¢agrding fo anetheo espsciodf theipvemidnghet i$ promidad cermsk &i ireat Fﬁﬂ@ug'mfhmmg@m
hepat ocytes, . and, cardi onyocyte.cell lines); .(b) chelate the lLabile irgn

o beend Pt BESER RuR R s ah e CORBTTES AgruTHrng it

i ron i pegbmereterdpufidafly JefidtRt i Ao@ft beafdidritRoRX| daRhsiRIXe O €physiologically

10 acceptable salts thereof sufficient to treat Friedreich ataxia.

According to yet another aspect of the invention there is provided for use to prevent the
development of symptoms of Friedreich ataxia in a patient resulting from mitochondrial iron-
induced damage, comprising administering to the patient a therapeutically effective amount of
15  deferiprone, deferasirox or physiologically acceptable salts thereof sufficient to prevent the

development of symptoms of Friedreich ataxia.

According to yet another aspect of the invention there is provided for use to stabilize symptoms
of Friedreich ataxia in a patient resulting from mitochondrial iron-induced damage, comprising
20  administering to the patient a therapeutically effective amount of deferiprone, deferasirox or

physiologically acceptable salts thereof sufficient to stabilize symptoms of Friedreich ataxia.

According to yet another aspect of the invention there is provided for use to reduce the
symptoms of Friedreich ataxia in a patient resulting from mitochondrial iron-induced damage,
25  comprising administering to the patient a therapeutically effective amount of deferiprone,
deferasirox or physiologically acceptable salts thereof sufficient to reduce the symptoms of

Friedreich ataxia.

According to another aspect of the invention, there is provided the use of deferiprone,
30  deferasirox or physiologically acceptable salts thereof for the prevention of the development of

symptoms of Friedreich ataxia in patients resulting from mitochondrial iron-induced damage.

According to yet another aspect of the invention, there is provided the use of deferiprone,
deferasirox or physiologically acceptable salts thereof for the stabilization of symptoms of

35  Friedreich ataxia in patients resulting from mitochondrial iron-induced damage.




15 The study reveal ed that chel ation by desferrioxamne is slow although
enhanced in cells with relatively highlgndocytic activities (e.g.,

hepat ocytes), while deferasirox and defeériprone readily enter nost cells
and efficiently reach the major intracellular sites of iron accunul ation.
20 The above study on animal irgn |oading, conmbined with these data of

Qi ckstefHrEne 4P Yeherothst asiest philic Huertiqtbere is Aoyiderothe pycont dpistipioapy
fromk S ; 0, ' j igndi i

et or i P R o Bl O o BB . 0 G ERHO 7 Blgprms of

pr oper tFresirey¢h ataon i patcintsgesubtihgfieorn maireh pedria abidinduged damageovenent i oned,
shoy d be capabl e of preventing iron-nedi ated damage in the mtochondri a.
25 These studi es show that deferiprone can renove iron fromthe

mtoc hO&@Uo_tcﬁn%)fto YRE BB 8dgedt of heV inVentioM, tRQHLis $RHRA HRttseCof ltteAbroRE,
tissue toxicity, ‘and since the mtochondrion is the key intracellular

or ganel deéerpsings| erephysiolegicalr a¢ceptablieaseita, theraofgéut the tireaingdnt Frisdrddeh atexiacini f
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of information required to overcone the obstacles related to the conduct of

a study in which an iron chel ator in general, and deferiprone specifically,
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showed tgat oral deferiprone reduced iron concentrations which had been
accunulSHHIHG fnireah ArigdigichaiXiicl ei of cerebel la of young patients with
Friedreich ataxia and inproved their neurol ogical condition. Patients and
Design 15 Ten adol escents (four nmales, six fenmales aged 14 to 23 yrs) with
a dbagriososling td-yete snetharhaspeaxafathe candritiong theby idetovtdedom effedive therapeutic
trinucl eoti de-repeat expansion.in .t first jntron of the frataxjn gene
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i ncl uded, sequentially, for a nlnlnun1per%o 20 of two nonths at each®dose.
Pat i entsuléigrent fortegat Friedreshatpger ed by two- weeks to enabl e monitoring of
response. In the absence of toxicity, and with evidence of efficacy in any
of the first 3 patients, a second group of 3 patients would be included at
theosamrcstafy fo0vetdarddthar! aspétt i B8 iRenfioNDMHRS is plovidea! & ¥AStRB Bhapase of
both efficacy and toxicity, the second group of three patients would be
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for at trlbgtdsiedicidh at@dns prior to inclusion and were kept on the drug at the
sane dose for the duration of the trial. MRl exam nations were done at
inclusion and at 1, 2, 4 and 6 nonths. The protocol was pronoted by
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the syppipEEL faxft axia before and after 1-5 months (Cano et al.
InternatlonaV cooperative ataxia rating scale 35(1 CARS): Appropriate for
studies of Friedreich's ataxia? Myv Disord 2005; 20: 1585-91). This - 26 -
scal e has four subscal es: posture and gait disturbance, kipetic functians,
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wooden board in a limted space of tinme (20 seconds with the two hands,
separately and together). The tests were adm nistered by the sane
investigator. Patients were nonitored for neutropenia, agranul ocytosis,
nmuscul oskel etal pains and zinc deficiency and had weekly bl ood counts,

pl asma iron, serumferritin and transferrin concentration 10 neasurenents,
as well as assessnments of renal and liver function. MR measurements

Mul ti pl e-gradi ent echo sequence was used to nonitor the iron concentrations
in the brain 15 (Waldvogel et al. Increased iron in the dentate nucl eus of
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25 each pixel, the signals Si of the ten inages obtained at echo tines TEi
(-1 = 1.10) were used to calculate the,paraneter R2* by adjustnent of the
si gnal decay according to the equation 'Si = So.exp (-R2*.TEi). A parametric
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defléri prone. The rationale for using thls dose was that CNS concentrations

woul d be expect ed t@hbe subs%tgtlall r than serun1concenérat|ons and
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slowy reversed on drug term nation. These events have never been reported
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Friedreich's - 28 - ataxia: iron chelators that target the m tochondrion
as a therapeutic strategy? Expert Opin Investig Drugs. 2003 Feb; 12: 235-45).
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feet and floor surface again. Delicate novenents and mani pul ati ve dexterity
(e.g., handwriting, keyboard typing, hairdressing, eye nake-up, etc.) and
speech fluency were reportedly inproved in several patients 15 (Table
-Attachnment 1). General strength, quality of sitting, standing and facility
of transfers (frombed to wheelchair or toilets) also inproved. The
youngest (14 years) and |ongest treated patients (P1-P3, 4-5 nonths) were
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This observation supports the view that brain iron accumulation is an early
event in Friedreich ataxia, contradictiing the results initially reported in
Friedrei ch ataxi a knockout animals. Deferiprone administration
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GAA si defefipdone,Rasd pHygiodsidcligi decelitatilelsdlaeteof in order to reduce the iron stores in the

mitochondria.

According to yet another aspect of the invention there is provided a therapeutically effective
30 amount of deferiprone or physiologically acceptable salt thereof for the prevention of iron-
induced neuro-degenerative disease in patients resulting from mitochondrial iron-induced
damage, comprising an effective amount of deferiprone or a physiologically acceptable salt

thereof to preferentially reduce the iron stores in the mitochondria.
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According to yet another aspect of the invention there is provided a therapeutically effective
amount of deferiprone or physiologically acceptable salt thereof for the stabilization of iron-
induced neuro-degenerative disease in patients resulting from mitochondrial iron-induced
damage, comprising an effective amount of deferiprone or a physiologically acceptable salt

5  thereof to preferentially reduce the iron stores in the mitochondria.

According to yet another aspect of the invention there is provided a therapeutically effective
amount of deferiprone or physiologically acceptable salt thereof for the treatment of iron-
induced neuro-degenerative disease in patients resulting from mitochondrial iron-induced
10  damage, comprising an effective amount of deferiprone or a physiologically acceptable salt

thereof to preferentially reduce the iron stores in the mitochondria.

According to yet another aspect of the invention there is provided a therapeutically effective
amount of deferiprone or physiologically acceptable salt thereof for the reversal of iron-induced
15 neuro-degenerative disease in patients resulting from mitochondrial iron-induced damage,
comprising an effective amount of deferiprone or a physiologically acceptable salt thereof to

preferentially reduce the iron stores in the mitochondria.

In one embodiment of the methods of the invention the active ingredient is deferiprone,
20  deferasirox or physiologically acceptable salts thereof for preventing the development of

symptoms of Friedreich ataxia resulting from mitochondrial iron-induced damage in patients.

In yet another embodiment of the methods of the invention the active ingredient is deferiprone,
deferasirox or physiologically acceptable salts thereof for stabilizing the symptoms of Friedreich

25  ataxiaresulting from mitochondrial iron-induced damage in patients.

In yet another embodiment of the methods of the invention the active ingredient is deferiprone,
deferasirox or physiologically acceptable salts thereof for treating Friedreich ataxia resulting
from mitochondrial iron-induced damage in patients.

30

In yet another embodiment of the methods of the invention the active ingredient is deferiprone,
deferasirox or physiologically acceptable salts thereof for reducing the symptoms of Friedreich

ataxia resulting from mitochondrial iron-induced damage in patients.
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In another embodiment of the use of the invention the active ingredient is deferiprone,
deferasirox or physiologically acceptable salts thereof for preventing the symptoms of Friedreich

ataxia resulting from mitochondrial iron-induced damage in patients.

In yet another embodiment of the use of the invention the active ingredient is deferiprone,
deferasirox or physiologically acceptable salts thereof for stabilizing the symptoms of Friedreich

ataxia resulting from mitochondrial iron-induced damage in patients.

In yet another embodiment of the use of the invention the active ingredient is deferiprone,
deferasirox or physiologically acceptable salts thereof for treating Friedreich ataxia resulting

from mitochondrial iron-induced damage in patients.

In yet another embodiment of the use of the invention the active ingredient is deferiprone,
deferasirox or physiologically acceptable salts thereof for reducing the symptoms of Friedreich

ataxia resulting from mitochondrial iron-induced damage in patients.

In another embodiment the methods of the invention may further comprise an oral dosage form

of deferiprone, deferasirox or physiologically acceptable salts thereof with other excipients.

In yet another embodiment of the invention the use may further comprise an oral dosage form of

deferiprone, deferasirox or physiologically acceptable salts thereof with other excipients.

In another embodiment the methods of the invention may further comprise daily administration
of an amount of deferiprone or a physiologically acceptable salt thereof substantially in the range

of up to 80 mg/kg to the patient.

In yet another embodiment of the invention the use may further comprise daily administration of
an amount of deferiprone or a physiologically acceptable salt thereof substantially in the range of

up to 80 mg/kg to the patient.

In another embodiment the methods of the invention may further comprise administration of a
daily dosage amount of deferiprone or a physiologically acceptable salt thereof substantially in

the range of up to 30 mg/kg to the patient.




18 5 13 2.7/3 M KH 20 5 nth

10

15

20

25

30

35

-20-
In yet another embodiment of the invention the use may further comprise administration of a
daily dosage amount of deferiprone or a physiologically acceptable salt thereof substantially in

the range of up to 30 mg/kg to the patient.

In another embodiment the methods of the invention may further comprise administration of a
daily dosage amount of deferiprone or a physiologically acceptable salt thereof substantially in

the range of 20 mg/kg to less than 80 mg/kg to the patient.

In yet another embodiment of the invention the use may further comprise administration of a
daily dosage amount of deferiprone or a physiologically acceptable salt thereof substantially in

the range of 20 mg/kg to less than 80 mg/kg to the patient.

Preferably deferiprone is administered in a manner selected from the group of intravenously,

transdermally, rectally, orally, bucally, or aurally.

In yet another embodiment of the invention the use may further comprise deferiprone
administered in a manner selected from the group of intravenously, transdermally, rectally,

orally, bucally, or aurally.
Preferably deferiprone is administered orally.

In one embodiment of the methods or uses of the invention the dosage form is a modified release

formulation, including sustained release.

In another embodiment of the methods or uses of the invention deferiprone is administered in

addition to other regimens.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is an MRI visualisation of iron accumulation in dentate nuclei of patients with

Friedreich ataxia

Figure 2 represents a time course of mean R2* values in the left and right dentate nuclei of

patients with Friedreich ataxia receiving deferiprone
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DETAILED DESCRIPTION OF THE INVENTION

Two critical factors remained outstanding and unproven that prevented our use of an iron
chelator in general, and deferiprone, in particular, in the treatment of Friedreich ataxia. The first
was whether patients without generalized iron overload could safely be administered doses of the
drug that could remove iron from various tissues. The second was how effective was
deferiprone to specifically remove mitochondrial iron, not just in an in vifro situation evaluating

a cell system, but in vivo? To address both questions, we conducted studies in animals.
Studies of Iron Chelation in Non-Iron Overloaded Monkeys

As part of a larger study on the potential toxicity of iron chelators, we evaluated the toxicity of

deferiprone in normal monkeys receiving 150 mg/kg/day (75 mg/kg twice daily) for 1 year.

1.1. Objective

To determine the toxicity of deferiprone in non-iron-loaded cynomolgus monkeys following
twice daily oral (gavage) administration for 52 consecutive weeks, and to evaluate the regression

of any toxic effect during a 4-week treatment-free period.

1.2. Methods.

Groups of 4 male and 4 female monkeys (2 to 3 years old) were dosed by nasogastric intubation

~at (0.5% w/v aqueous carboxymethylcellulose vehicle) 75 mg/kg deferiprone twice daily (bid),

with 6-8 hours between doses, for at least 364 days.

1.3. Monitoring.

Clinical signs, body weights and food intake were assessed at frequent intervals.
Ophthalmological and cardiovascular examinations were carried out in Weeks 17, 30, 43, 56 and
60. Hematology, coagulation, clinical chemistry and urine parameters were measured at baseline
and in Weeks 8, 16, 30, 41, 56 and 60. Blood samples were taken on the first day of dosing, and
in Weeks 17 and 56 for assessment of the serum deferiprone time-concentration profile. A full
necropsy was performed on each animal, selected organs weighed, and histopathological

examination of abnormalities and selected tissues conducted.
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1.4. Results.

Clinical signs in animals were incidental to administration of deferiprone by the IP route. There
were no deferiprone-related effects on body weight, food intake, ophthalmology, cardiac

conduction, blood pressure, heart rate, and hematology or urine composition.

Deferiprone was detectable (HPLC) from 0.5 h after dosing, and for up to 7 h. Mean peak
concentrations ranged from 25 to 30 mcg/ml throughout the 52 week period of treatment,
representing concentrations that were about three times peak concentrations observed in
thalassemia patients treated with a standard dose of 25 mg/kg three times daily. Serum half-life
ranged from 0.35-2.39 h in individuals.

No macroscopic findings related to deferiprone were found. No microscopic findings in non-

iron-loaded monkeys could be attributed to treatment with deferiprone.

1.5. Conclusion.

Deferiprone given orally to non-iron-loaded cynomolgus monkeys at 75 mg/kg twice daily for 52

weeks was without significant adverse effect.

The total daily dose used in this study was double the dose normally used to treat iron
overloaded patients with thalassemia. These data were unexpected and were critical in
establishing the fact that deferiprone could be safely given to primates in the absence of
generalized iron overload. Without this information, we could not have recommended that an
iron chelator in general, and deferiprone specifically, be attempted in patients with Friedreich

ataxia.
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In Vivo Studies of Mitochondrial Iron Removal by Chelation in Rats

As part of a larger study comparing iron chelators, we conducted histologic examination and
electron microscopy (EM) of tissues following iron loading (100 mg/kg iron dose
intraperitoneally twice weekly for four weeks) in rats (200-250 g) and treatment with
deferiprone. Two control groups of rats were studied, one with no iron loading (“Naive”) and the

other with iron loading but no iron chelation.

Deferiprone was administered five times weekly (daily Monday to Friday). The animals received

89 doses in 127 days of 100 mg/kg daily, by oral gavage.

Qualitative histological examination of the slides stained with H&E showed no degenerative
changes in the liver and heart with iron loading, although there was a large accumulation of iron

in the liver, and a random accumulation of iron in the heart.

A large accumulation of electron dense granule-like material was observed in the liver and heart
sections of iron-loaded rats. The accumulation of electron-dense material was less apparent in
the heart than in the liver. The most prominent iron-loading changes occurred in macrophages
(or Kupffer cells) in liver portal tracts. Macrophages in the portal tracts frequently had large
accumulation of iron in the matrix of the mitochondria. Mitochondrial membrane structure was
irregular with internal structure loss resulting in fusion and enlargement of affected
mitochondria. Large amorphous aggregates of degenerate mitochondria with or without
vacuolation were seen occasionally in the cytoplasm of severely affected
monocytes/macrophages and resembled phagolysosomes. Yet, there was little evidence that the
monocytes/macrophages had degenerated with loss of cytoplasmic integrity and dissolution of

the cytoplasm and organelles.

The most obvious accumulation in the heart, observed randomly, was seen in the mitochondria
of perivascular monocytes (macrophages). The severity of the accumulation was less than that
observed in the monocytes of the liver. Thus it was clear that in addition to generalized iron
overload, there was excess iron in the mitochondria, the latter condition relevant to Friedreich

ataxia.

The administration of deferiprone decreased the iron levels in the liver and heart and most other

organs as illustrated in the following table.
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Iron content in micrograms per gram dry tissue = SD as determined by ICP-MS

Heart Liver Kidney | Thyroid Lung Skeletal

Muscle

Naive 276£25 376+127 305+80 | 95+13 376+45 50+17
Fe-control | 1,088+36 | 11,5344554 | 801439 | 5834275 | 1,2344227 | 205+109
Deferiprone | 586+143 | 7,780£1,637 | 6424104 | 4254228 | 1065101 | 146+49
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The data demonstrated that iron loading resulted in an accumulation of iron in the mitochondria

of these animals and that deferiprone has the ability to reduce iron loading in key organs.

An integral component to the meaningful interpretation of this study in rats, is the recently
published work of one of us (Cabantchik), pertaining to intracellular iron removal using
fluorescence probes (Glickstein et al. Intracellular labile iron pools as direct targets of iron
chelators: a fluorescence study of chelator action in living cells. Blood. 2005;106:3242-50). The
study was designed to evaluate the capacity of clinically important iron chelators, such as
deferiprone, desferrioxamine, and deferasirox to: (a) gain direct access to intracellular iron pools
of key cells of iron accumulation (macrophages, hepatocytes, and cardiomyocyte cell lines); (b)
chelate the labile iron present in discrete cell compartments/organelles; and (c) prevent labile

iron involvement in the generation of reactive oxidant species.

The study revealed that chelation by desferrioxamine is slow, although enhanced in cells with
relatively high endocytic activities (e.g., hepatocytes), while deferasirox and deferiprone readily

enter most cells and efficiently reach the major intracellular sites of iron accumulation.

The above study on animal iron loading, combined with these data of Glickstein et al,
demonstrate that deferiprone can remove iron, not only from key organs, but also from the
mitochondria, indicating that deferiprone and deferasirox, and thus other chelators with suitable
properties of iron-binding and membrane permeability, as abovementioned, should be capable of

preventing iron-mediated damage in the mitochondria.

These studies show that deferiprone can remove iron from the mitochondria of various cells, in
vivo, without generalized cellular or tissue toxicity, and since the mitochondrion is the key

intracellular organelle involved in Friedreich ataxia, suggest it might not be toxic if it were used
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in treating Friedreich Ataxia. Combined with the safety data in 1 year-long treated monkeys,
these studies provided the key pieces of information required to overcome the obstacles related
to the conduct of a study in which an iron chelator in general, and deferiprone specifically,
would be administered to patients with Friedreich ataxia. Thus the following study was

conducted as part of the invention.

EFFECT OF DEFERIPRONE ON ATAXIA AND CEREBELLAR IRON
ACCUMULATION IN FRIEDREICH ATAXIA: A PILOT STUDY

In this efficacy-toxicity phase I-II open trial, we showed that oral deferiprone reduced iron
concentrations which had been accumulating in the dentate nuclei of cerebella of young patients

with Friedreich ataxia and improved their neurological condition.

Patients and Design

Ten adolescents (four males, six females aged 14 to 23 yrs) with a diagnosis of Friedreich ataxia,
confirmed by detection of a trinucleotide-repeat expansion in the first intron of the frataxin gene,
were studied. Patients received deferiprone (Ferriprox™, Apotex Inc., Toronto, Canada) orally,
in two doses for 1-5 months. Three patients were included, sequentially, for a minimum period
of two months at each dose. Patient enrollment was staggered by two-weeks to enable
monitoring of response. In the absence of toxicity, and with evidence of efficacy in any of the
first 3 patients, a second group of 3 patients would be included at the same dose for a total
duration of 6 months. If there was an absence of both efficacy and toxicity, the second group of
three patients would be administered a higher dose. If toxicity developed, the current dose would
be suspended and the trial resumed with the next group of patients at a lower dose. The patients
were on idebenone (10 mg/kg/day, in three doses) for at least two years prior to inclusion and
were kept on the drug at the same dose for the duration of the trial. MRI examinations were done
at inclusion and at 1, 2, 4 and 6 months. The protocol was promoted by Assistance Publique-
Hopitaux de Paris and approved by the local ethical committee and registered at the National
Health Authority (AFSSAPS) and at the International Protocol Registration System

(www.clinicaltrials.gov). A written informed consent was obtained from patients and parents.

The International Cooperative Ataxia Rating Score (ICARS) was used to assess the symptoms of
ataxia before and after 1-5 months (Cano et al. International cooperative ataxia rating scale

(ICARS): Appropriate for studies of Friedreich's ataxia? Mov Disord 2005;20:1585-91). This
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scale has four subscales: posture and gait disturbance, kinetic functions, speech disorders and
oculomotor disorders. Subscale scores are summed to give a total score ranging from 0 to 100.
High scores indicated worse ataxia. The Perdue Pegboard test, which assesses speed of
performance, delicate movements and manipulative dexterity, was included in the course of the
study. This test assesses the ability of the participant to insert as many nails as possible into
preset holes, linearly dug in a wooden board in a limited space of time (20 seconds with the two
hands, separately and together). The tests were administered by the same investigator. Patients
were monitored for neutropenia, agranulocytosis, musculoskeletal pains and zinc deficiency and
had weekly blood counts, plasma iron, serum ferritin and transferrin concentration

measurements, as well as assessments of renal and liver function.

MRI measurements

Multiple-gradient echo sequence was used to monitor the iron concentrations in the brain
(Waldvogel et al. Increased iron in the dentate nucleus of patients with Friedrich's ataxia. Ann
Neurol 1999;46:123-5), using a 1.5T Signa unit (GE Medical Systems, Milwaukee, WI, USA)
using phase array head coil. Deep gray structures were localized by using a T2*-weighted echo-
planar sequence (TR 3000 ms, TE 60 ms, eight averages, field of view : 24 cm, 256x224 matrix
and slice thickness : Smm, 24 slices/1.1 min). A voxel englobing the left and right nuclei was
positioned on the largest section of dentate nuclei (dimensions 6 x 3 x 2 cm’). Data acquisition
allowing iron monitoring was performed by using a single-slice multi-gradient-echo sequence

(TR: 400 ms, flip angle: 50° to maximize gray matter signal, acquisition time: 3 minutes).

The determination of R2* was performed by using data of the multi-gradient echo sequence. In
each pixel, the signals Si of the ten images obtained at echo times TEi (-i = 1.10) were used to
calculate the parameter R2* by adjustment of the signal decay according to the equation Si =
So.exp (-R2*.TEi). A parametric image of local R2* values was calculated with the same spatial
resolution than the native images. The mean value of R2* was calculated in various regions of
interest, all determined by the same experimental radiologist. For dentate nuclei, elliptic regions
of 24mm’” were laid at the center of each dentate nucleus visualized as a low-signal area (Figure
1). The position of the region of interest was selected in order to minimize R2* variance.
Circular regions of 24mm? were drawn in the white matter of cerebellar hemispheres posterior to
the dentate nuclei, a region where iron concentration is assumed to be low, and in pallidal and

thalamic nuclei.
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Statistical analyses

At the basal state, R2* values in the different structures were compared using a generalised
estimating equation (GEE) model, taking into account the individual levels with both the
cerebral structure and the side as categorical covariates. For each cerebral structure, MRI
repeated measurements over time were analyzed using a GEE model with the time of
measurement as factor, while keeping a correlation structure between the values from the same
individual. Individual contributions were weighted using the inverse of the variance of R2* in
the corresponding region of interest. All calculations were carried out using the GEE procedure
from the geepack library, R statistical package (http://www.R-project.org). A p value < 0.05 was
considered significant. Tests were adjusted for multiple comparisons according to the Bonferroni

rule.
Results

Based on pharmacokinetic studies in thalassemia subjects, the first patient (P1) was included at
an initial dose of 80 mg/kg/day of deferiprone. The rationale for using this dose was that CNS
concentrations would be expected to be substantially lower than serum concentrations and that
concentrations within the mitochondria would be expected to be even lower yet. Thus higher
doses might be necessary to have the requisite iron chelating effect within the mitochondria.
However, this dose, comparable to that used in patients with heavy iron loading, such as
thalassemia, led to a series of undesirable events commencing on day eight, that finally led to
termination of drug administration at day 17 in the first patient (P1). In addition, deferiprone
administration to a second patient (P2) who had been treated for only 2 days at the same dose,
was stopped. These adverse events, including: fatigue, headache, nausea, dizziness, then
floppiness, poor head control, abnormal eye movements and fluctuating consciousness, slowly
reversed on drug termination. These events have never been reported in patients with generalized
iron overload, such as those with transfusion-dependent thalassemia receiving deferiprone,
suggesting there may be a lower threshold level for toxicity of the drug in Friedreich ataxia,
where no general iron overload is present. These results seemed to support the current thinking
that iron chelators would not be beneficial in Friedreich ataxia because of the inability to
separate mitochondrial from cytosolic chelation of iron, and because iron is a critical element of

many biochemical processes required in intermediary metabolism (Richardson . Friedreich's
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ataxia: iron chelators that target the mitochondrion as a therapeutic strategy? Expert Opin

Investig Drugs. 2003 Feb;12:235-45).

A re-evaluation of both the previously-generated data and the disposition kinetics of deferiprone
was undertaken and a decision was made to resume the trial at a quarter of the initial dose (20

mg/kg/day) in new patients.

Within a few weeks, unexpected neurological improvement was noted by the parents and
uninformed relatives in all treated patients. Constipation, incontinence and some subjective signs
of peripheral neuropathy disappeared in 1-2 months, all without signs of toxicity, other than
minor adverse effects, such as nausea. Limb extremities, which were cold, mottled and
hypersensitive, warmed up with the reported sensation of feeling one’s feet and floor surface
again. Delicate movements and manipulative dexterity (e.g., handwriting, keyboard typing,
hairdressing, eye make-up, etc.) and speech fluency were reportedly improved in several patients
(Table —Attachment 1). General strength, quality of sitting, standing and facility of transfers
(from bed to wheelchair or toilets) also improved. The youngest (14 years) and longest treated
patients (P1-P3, 4-5 months) were also the ones who benefited most from the trial in terms of
delicate movements, balance, stability and autonomy, suggesting that efficacy might be higher in
younger patients. It is unlikely that these observations were due to a placebo effect as they were
repeatedly and convergently reported by several uninformed parents (Table- Attachment 1).
These features also yielded mild changes of the ICARS scores during the short period of the trial.

Based on the apparent lack of toxicity at the low dose and evidence of possible clinical efficacy,
two additional patients were included at a 50% higher dose of deferiprone (30 mg/kg/day) and
the Perdue Pegboard test was included in order to assess the impact of the drug on manipulative
dexterity. Results with this group confirmed the above observations in terms of tolerance and
relative efficacy of deferiprone and showed an improvement of speed of performances and
dexterity (number of nails inserted with the two hands alone + together, before and 1-2 months

after onset of the trial, respectively (Table-Attachment 1).

MRI imaging of the brain iron-induced signal showed that R2* values in dentate nuclei were
higher in Friedreich ataxia adolescents than in non-affected adolescents (R2*=17.4+ 1.6 s™' and
13.740.6 s in patients and controls respectively, p<0.001). No correlation with age or brain side

was noted and no significant variations of R2* in pallidal nuclei were observed (not shown).
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ataxia, contradicting the results initially reported in Friedreich ataxia knockout animals.

Deferiprone administration significantly decreased the relaxation rate R2*, after one month
5  (16.6+1.3 s), two months (15.9+0.6 s™) and four months of drug administration (Figure-2).
Moreover, no short-term difference between the two doses of deferiprone tested was observed
(20 and 30 mg/kg/day, Figure-2). No significant R2* changes were observed in pallidal nuclei,
thalami and cerebellar white matter regions. Finally, the administration of the iron chelator had a
negligible impact on the levels of hyposideremic anemia and hypoferritinemia, which remained

10 essentially unchanged regardless of the dose of deferiprone (Table- Attachment 1).

The first drug treatment for some symptoms of Friedreich ataxia, although not yet approved by
any regulatory body, is a quinone analogue (idebenone, Takeda) and acts as a potent free-radical
scavenger, protecting heart muscle from iron-induced injury (Rustin et al. Effect of idebenone on
15  cardiomyopathy in Friedreich's ataxia: a preliminary study. Lancet 1999;35:477-9). Long-term-
idebenone administration improves cardiomyopathy, but has failed to improve or even stabilize
the course of neurological symptoms. Increased survival, in the absence of significant
improvement in the debilitating CNS sequelae of the disease, may not be a true benefit for the
patients or their caregivers. A treatment is needed to ameliorate both the cardiovascular and
20  CNS symptoms and the sum of the data provided above, together with the relevant findings of
others demonstrate highly permeable, orally absorbed iron chelators, particularly deferiprone, are

likely to have a powerful effect in ameliorating the symptoms of Friedreich ataxia.

Referring to Figure 1 there is shown an MRI visualisation of iron accumulation in dentate nuclei

25  of patients with Friedreich ataxia. A parametric image of R2* values in posterior fossa, derived
from the multi-gradient echo sequence done at 1.5 Tesla is shown. Dentate nuclei with high R2*
values (measured in the elliptic region, here 17 s-1) appear as darker than the surrounding
cerebellum. R2* values in the adjacent control region of interest 13 s-1, indicate good regional
homogeneity of the magnetic field.

30
Referring to Figure 2 there is represented a Time course of mean R2* values in the left and right
dentate nuclei of patients with Friedreich ataxia receiving deferiprone. The values of R2* in
dentate nuclei reflect iron content before and after 1-5 months oral deferiprone administration
(20-30mg/kg/day).

35
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Table 1: As per the discussion above the table below shows the age and sex of the patients, the

age at onset of the disease, duration of ataxia, size of the GAA expansion in the frataxin gene,

5  the doses and duration of deferiprone (DFP) administration, the ICARS score and biological
parameters prior to and after the trial (bold characters). The observations of the parents are also
given.

DFP (mg/kg)|] Age (yrs) Disease Ataxia GAA size Posture and gait disturbance
Sex onset duration (kb)
(rs) (yrs)
walking gait speed | spread feet standing 7 items
eyes open (/34)
CS 80
17 d 19 7 12 2.5/3.6
F
DL 80
2d 18 5 13 2.7/3
M
KH 20
5 mth 14 7 7 2/2.8
M
MT 20
5 mth 7 3 3 4 28
F 17 9 8 2.5/2.6 - 3 2 4 27
NG 20
4 mth 3 1 3 2 12
F 20 14 6 0.75/0.75 2 1 3 1 9
YL 20
7 4 4 6 33
3 I\n;[lth 13 5 8 2.4/3.9 g 4 4 6 32
KS 20
3 1 2 3 16
2:;:11 18 10 8 2.2/3.7 3 1 2 1 13
MV 20 7 2 3 5 17
2 rlrrlth 23 12 11 0.45/0.93 7 2 3 4 16
Mc 30 2 2 1 2 11
1 l;lth 18 11 7 1.6/3.6 2 2 0 1 8
SB 30
7 1 2 3 20
1 le:\lth 15 12 3 G130V/22?2?77 7 1 2 2 17

10




81239/ 7, 4 toes,

feels her feet,

warmng up of feet 7 o 2 37 8,4 NG
14, 12 no nore incontinence, inproved gait and balance, warm 7 2 2 23/

27.6 up of feet 7
Kinetic Speech Oculomotor |Total ICARS] Perdue Hemoglobin (g/dl) Observation
function disorder disorder (/100) pegboard Plasma iron (qunol/1)
(/29) (/8) (/6) Ferritin (ug/1)

CS undesirable event at d 17: fatigue, headache, nausea,
diziness, flopiness, abnormal eye movement, fluctuating
consciousness

DL premature suspension at day 2

KH 14,13 improved gait, writing, delicate movements, can move h

14,9 toes, feels her feet, warming up of feet
106, 13
MT 13,11 improved gait, writing, delicate movements, can move h
8 1 2 39 / 7.4 toes, feels her feet, warming up of feet
7 0 2 37 8, 4
NG 14,12 no more incontinence, improved gait and balance, warm
7 2 2 23 / 27,6 up of feet
7 2 2 20 15,6
YL 13,12 no more fatigue, improved delicate movements
21 4 3 61 / 21,14
21 4 2 59 16,8
KS 16, 15
13 2 0 31 37 16, 16
12 2 0 27 29 19, 15
MV 13,13
11 3 0 31 37 26, 4
11 2 0 29 44 12,7
MC 12,10 no more constipation, incontinence and bending, improv
8 2 2 23 16,13 balance and gait
8 2 2 20 5,4
SB 13,13 improved gait and standing, no more constipation
9 0 0 29 52 18,22
9 0 0 26 39 117,114
While the MRI results support the view that deferiprone has affected the intracellular levels of
5 1ron in the brain known to be altered in Friedreich ataxia, the clinical finding of changes in
bodily function are the mainstay of this invention, showing true benefit in the well-being of these
patients.
At the time of undertaking these studies, teaching in the field indicated that currently available
10 iron chelators, such as deferiprone, would not be beneficial, as stated by Richardson “Indeed,

standard chelation regimens will probably not work in FA, as these patients do not exhibit gross

iron-loading.” (Richardson. Friedreich's ataxia: iron chelators that target the mitochondrion as a

therapeutic strategy? Expert Opin Investig Drugs. 2003;12:235-45.) This is remarkable in that 2

years earlier Richardson and others were convinced the iron chelation might work, and proposed
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a rationale why deferiprone might possibly be beneficial (Richardson et al. Development of
potential iron chelators for the treatment of Friedreich's ataxia: ligands that mobilize
mitochondrial iron. Biochimica et Biophysica Acta 2001;1536;133-140). By 2004, he had
completely discounted deferiprone and did not even mention it in a review of potential chelators
5  in Friedreich ataxia (Richardson DR. Novel chelators for central nervous system disorders that
involve alterations in the metabolism of iron and other metal ions. Ann N Y Acad Sci.

2004;1012:326-41).

In light of the results obtained with respect to deferiprone in treating Friedreich Ataxia, and its
10 capability of entering cells and removing iron from the mitochondria, it is clear that the other
above-mentioned chelator, deferasirox, which is able to cross membranes and also can reduce
intramitochondrial iron load (Glickstein et al. Intracellular labile iron pools as direct targets of
iron chelators: a fluorescence study of chelator action in living cells. Blood 2005;106:3242-50),
should achieve similar results.
15
Since the key factors in this discovery relate to the accumulation of iron in subcellular
compartments of the brain, including the mitochondria, and the ability of cell penetrant oral iron
chelators, like deferiprone and deferasirox, to remove iron from these compartments, it is

reasonable to conclude that other conditions where mishandling of intracellular iron is a key

20  factor in the development of the pathology, would also benefit from treatment with deferiprone
or deferasirox. Based on MRI assessment of increased iron in various cells within the brain, in
the absence of generalized iron overload, this discovery can be extended to the use of
deferiprone or deferasirox in the following conditions: Friedreich Ataxia, Huntington’s disease,
Parkinson’s disease, Alzheimer’s disease, multiple sclerosis, hemochromatosis, Hallervorden-

25  Spatz, Down syndrome, and in the eye for people with macular degeneration (Haacke et al.
Imaging iron stores in the brain using magnetic resonance imaging. Magn Reson Imaging.

2005;23:1-25).

As many changes can be made to the invention without departing from the scope of the
30 1invention, it is intended that all material contained herein be interpreted as illustrative of the

invention and not in a limiting sense.

Inventors: Arnold Munnich; Michael Spino; Ioav Cabantchik.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE AS FOLLOWS:

1. A therapeutically effective amount of penetrant oral iron chelators such as deferiprone
or deferasirox or physiologically acceptable salts thereof to preferentially reduce or render
inactive the toxic iron stores in the subcellular compartments of the brain, and to remove iron

from these compartments, and/or to mitigate the cellular or intracellular mishandling of iron in

the brain.
2. The composition of claim 1 wherein the condition being treated is Friedreich ataxia.
3. A therapeutically effective amount of deferiprone or deferasirox or physiologically

acceptable salts thereof to preferentially reduce or render inactive the toxic iron stores in the
brain and/or to mitigate the cellular or intracellular mishandling of iron in the brain for the

prevention of iron-induced damage.

4. A therapeutically effective amount of deferiprone or deferasirox or physiologically
acceptable salts thereof to preferentially reduce or render inactive the toxic iron stores in the
brain and/or to mitigate the cellular or intracellular mishandling of iron in the brain for the

treatment of iron-induced damage.

5. The composition of claim 3 or 4 wherein the condition being treated is Friedreich
ataxia.
6. A therapeutically effective amount of deferiprone or deferasirox or physiologically

acceptable salts thereof to preferentially reduce or render inactive the toxic iron stores in the

mitochondria for the prevention of mitochondrial iron-induced damage.

7. A therapeutically effective amount of deferiprone or deferasirox or physiologically
acceptable salts thereof to preferentially reduce or render inactive the toxic iron stores in the

mitochondria for the treatment of mitochondrial iron-induced damage.
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8. The use of deferiprone or deferasirox or physiologically acceptable salts thereof in the

manufacture of a pharmaceutical for prevention of symptoms of Friedreich ataxia.

9. The use of deferiprone or deferasirox or physiologically acceptable salts thereof in the

manufacture of a pharmaceutical for treatment of Friedreich ataxia.

10. A method of treating Friedreich ataxia in patients resulting from mitochondrial iron-
induced damage, comprising administering to the patient a therapeutically effective amount of
deferiprone, deferasirox or physiologically acceptable salts thereof sufficient to treat Friedreich

ataxia resulting from mitochondrial iron-induced damage.

11. A method of preventing the development of symptoms of Friedreich ataxia in patients
resulting from mitochondrial iron-induced damage, comprising administering to the patient a
therapeutically effective amount of deferiprone, deferasirox or physiologically acceptable salts

thereof sufficient to prevent symptoms of Friedreich ataxia.

12. For use to treat Friedreich ataxia in a patient resulting from mitochondrial iron-induced
damage, comprising administering to the patient a therapeutically effective amount of
deferiprone, deferasirox or physiologically acceptable salts thereof sufficient to treat Friedreich

ataxia.

13. For use to prevent the development of symptoms of Friedreich ataxia in a patient
resulting from mitochondrial iron-induced damage, comprising administering to the patient a
therapeutically effective amount of deferiprone, deferasirox or physiologically acceptable salts

thereof sufficient to prevent symptoms of Friedreich ataxia.

14. The use of deferiprone or deferasirox or physiologically acceptable salts thereof for the
prevention of the development of symptoms of Friedreich ataxia resulting from mitochondrial

iron-induced damage.

2
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17. An effective therapeutic amount of deferiprone, deferasirox or physiologically
acceptable salts thereof for the treatment of Friedreich ataxia resulting from mitochondrial iron-

induced damage, sufficient to treat Friedreich ataxia.

18. A method of prevention of symptoms of Friedreich ataxia resulting from mitochondrial
iron-induced damage, comprising the administration of a therapeutically effective amount of
deferiprone or a physiologically acceptable salt thereof sufficient to prevent symptoms of

Friedreich ataxia.

19. A method of treatment of Friedreich ataxia resulting from mitochondrial iron-induced
damage, comprising the administration of a therapeutically effective amount of deferiprone or a

physiologically acceptable salt thereof sufficient to treat Friedreich ataxia.

20. The use of deferiprone or deferasirox in the manufacture of a pharmaceutical for
prevention of symptoms of Friedreich ataxia resulting from mitochondrial iron-induced damage,
comprising the administration of a therapeutically effective amount of deferiprone or deferasirox
or physiologically acceptable salts thereof sufficient to prevént the development of symptoms of

Friedreich ataxia.

21. The use of deferiprone or deferasirox in the manufacture of a pharmaceutical for
treatment of Friedreich ataxia in patients, comprising the administration of a therapeutically
effective amount of deferiprone or deferasirox or physiologically acceptable salts thereof

sufficient to treat Friedreich ataxia.
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compartnents of the brain, including the mtochondria, and the ability of
cel | pehiEctvhemepny|ofidetipeenst ar apbysiplogicaliy pegepmblnsaliatheregbineprgst topseduge
_remnove j - e QHR ts, it is reasonable to conclude that

ot her cdcl)%g)l@(%(‘{%%ggt& g?nethgn S %h‘t} Ing of intracellular iron is a key 20 factor
in the devel opnment of the pathol ogy, would al so benefit fromtreatnment with
deferiprone or deferasirox. Based on MRl assessnent of increased iron in
various cells within the brain, in the absence of generalized iron

overl oagd, thi ' dgddrG; ; [
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hemochr omat osi s, Hal | ervorden- 25 Spatz, Down_syndronme, and in the eye for
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As many changes can be made to the invention™w thout departing fromthe
scope afitachendGi. nvention, it is intended that all material contained herein
be interpreted as illustrative of the invention and not in a limting
sense. Inventors: Arnold Munnich; M chael Spino; |oav Cabantchik. - 33 -
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PRIVILEGE | S CLAIMED ARE AS FOLLOAG: 1. A therapeutically effective anmount
of pené#iarenit for athei tsatnadng| af oironsubiged s nelubelepgnemive o disgasee rgsiiliiag Gom

physi ol qgi cal accept.able ;salts thereof to eferentially.reduce or render
R S SRR S R T PR A R S
brai n, pﬁj?diolbgicél‘?ﬁla\é&[ptdbw shlf QRitrbbe &6 pecTBlRafidlIE Rduce aRel/tofic tigonTsfor@aire thehe
cellular or i1ntracellular mshandling of iron in the brain. 2. The
conpospﬂﬁﬁhmﬁkmclain1l wherein the condition being treated is Friedreich
ataxia. 3. A therapeutically effective amount of deferiprone or deferasirox
or physiologically acceptable salts thereof to preferentially reduce or
render inactive the toxic iron stores in the brain and/or to mtigate the
cellular or intracellular mshandling of iron in the brain for the
prevention of iron-induced danage. 4. A therapeutically effective anount
of defeggipro [:L.QX% Ol 1PR¥S] i I I r eof
to pr egée'r enti ae%etggéﬁg?%@grlggc}éf H?’nglgltl?\%{éﬁ]t?%{e%t gm §1%|t ?Igr?&%?%rgéeée fogﬁt(ﬁg

br ai n defdfipront,alefirbdigatoe phidologlchlly acceptablershltathetdotiivith othes leacigientsg of iron
in the brain for the treatnment of iron-induced danage. 5. The conposition
of claim3 or 4 wherein the condition being treated is Friedreich ataxia.
6. A therapedhbGablor Blifie® lorq ampuny, Of MEHEIIRIANS AIndPLERARLNE AN Ural
physi ol ogi cal Iy acceptable’salts thereof to preferentially reduce”or render
i nact i desaghdormoxf deferipronst defessirox ohehysivlogiveliylaceepfabte sdis thereve miithorthef

m tochondr.ial iron-induced damage. 7. A therapeutically effective anount
of def%??%@%ﬁe or deferasirox or physiologically acceptable salts thereof
to preferentially reduce or render inactive the toxic iron stores in the
mtochondria for the treatnment of mtochondrial iron-induced damage. -34-
8. The use of deferiprone or deferasirox or physiologically acceptable
salts thereof in the manufacture of a pharmaceutical for prevention of
synptons of Friedreich ataxia. 9. The use of deferiprone or deferasirox or
physi ol ogi cal |y acceptable salts thereof in the manufacture of a
pharmaceutical for treatnment of Friedreich ataxia. 10. A nethod of
treating Friedreich ataxia in patients resulting frommtochondri al

e e I B -, Y




13. For use to prevent the devel opnent of synptons of Friedreich ataxia in
a patient resulting frommtochondrial iron-induced damage, conpri sing
adm nistering to the patient a therapqgg[cally ef fective anmount of
deferiprone, deferasirox or physiologically acceptable salts thereof

sufficient to_prevent synpto f Friedreich ataxja.. 14. The use of
deferi pf ne oT RUBIHALST ﬁ%%&ﬁ%‘f’b‘?o&&?r@&}g 981&: pishridons iy the RaAVERLRf a5 or
the prexgiid 8RdGErbdRe dEY fhRARIBALaIRS acs¥sIC MRt Mbrebt hipdfagiiAl RliBXtage of
resul ting fron1ni?%ch%ndr?§§ iroﬁigﬁhuéggsdanagé? -35-a 11§{]'The u%%odg)
def eri plod®engkgdef er asi rox or physiol ogically acceptable salts thereof for
the treatnment of Friedreich ataxia resulting frommtochondri al

i ron-induced damage. 16. An effective therapeutic amount of deferiprone,

def er asig. ox OTh@HIESIUAB mﬁuhﬁe@&ﬂgﬁ{sﬁ%l ®il§Anittheiaed tefatichofRineMRuht ON
of the devel opnment of synptons in Friedreich ataxia resulting from

mi t ochotfatefiproncoer-4 pleiscdeiembvaagecptahle Sple thangof substansially B thedeegacel w x3h.
17. Anlgé&gctive t herapeutic anount of deferiprone, deferasirox or
physi ol ogical |y acceptable salts thereof for the treatnment of Friedreich
ataxia resulting frommtochondrial iron-induced damage, sufficient to
treat Friedreich ataxia. . 18. A nethod of prevention of synptons of
Friedrel®h at Bk methed of clairg 20 8rher coswmisigradainisiraion of gudady despagganount of
conpri siag; L ALSETaLl [ 4 i vV f
Gor or i pueniprdfe BOTALSLOBEAD oD en Bl EHERRHO: Sty Bl O e Rrdgi T 8530
pr eventmgihppd thepaténtFri edrei ch ataxia. 19. A method of treatnent of
Friedreich ataxia resulting frommtochondrial iron-induced damage,
conprising the adm nistration of a therapeutically effective anmount of
def eri pyione ofphAuRYS LRI P7CRkMY: BGEFRIAD |a§mﬁﬁétfatibﬂ‘%{feaofiai§~’8(§§a ¢ @HouhCof
treat Friedreich ataxia. 20. The use of deferiprone or déferasSirox In the
manuf acletariprafe ar piphysivlogigtlly atcebtablepsadty thatdod sulsstansighiptimnise wihgf rof exr tei Ith
ataxia re uIt'n% {r?n1nitochondrial i ron-induced damage, conprising the
adni ni SE¥EBIVNCERU Y her apeuti cal |y effective anount of deferiprone or
deferasirox or physiologically acceptable salts thereof sufficient to
prevent the devel opnent of synptons of Friedreich ataxia. 21. The use of
def eri pRone coFhedwtbedof cloim i2h feitler ramptising admiwstratiopdardady dobags| anfaynt of

treatment. of Friedreich ataxia in.pati.ents, .c rj.sin he adm.njstration
of a1 RETCHRERNEI & 1y -iopeity eesp el Ghedif SR RRLAL S hefrdr JL2h Sae/ks to
physioh@@&ﬁmmngng&ggpQQthmgalts t hereof sufficient to treat Friedreich
ataxia. -36- 22. The use of deferiprone for the prevention of the

devel opment of synptons of Friedreich ataxia resulting frommtochondri al

i ron-induced e i Sg adm ni st er | . £ h afi.

Uher apadt i cal | Oyl ARTE 22" SPTAS P Piatabl oL Rl 6 o Ber amopy of
accept dbfegipsaletor tahtiysiofogioall9 adesptdble aitieof fidstafially inrthd raigd bES0 nfp/khed

m tochondria. 23. The use of deferiprone for the treatnment of Friedreich
at axi a l§se &S0 pe/ke orihsineieMondri al i ron-i nduced danmmge, conpri sing

adm nistering to the patient a therapeutically effective anount of
deferiprone, or a physiologically acceptable salt thereof in order to
reduce3tthe t dbiean¢thehoStlaings] 0 hl,t18eomn 9 abheidddferiproedis admiristerden b intahéry

ef fective ampunt of deferiprone or physiological]y acceptaple salt thereof
for théclpsted BAM tha strupiof FHraveRRNs dtrﬁ%iﬂeenéﬁgé?fé%l b Predydiusalyer puellyt i ng
frommtochondrial iron-induced damage, conprising an effective anmount of
deferiprone or a physiologically acceptable salt thereof to preferentially
reduce3fhe t dbhecuser onhclaimg &s 9 12t 8, ity d6hd6AR1,a22, @523 Avitdnein ajederipramd sy
ef fectiye. anount. of deferiprone _or physiologically acceptable salt thereof
For  t hASTISIETRRrR ARG SIPRSIE ST AR X BgBh ateyPrsly Sreasdermaly ey r om
m t ochgRWi RicallyAauffiyced damage, conprising an effective amount of

deferi prone or a physiologically acceptable salt thereof to preferentially
reduce the toxic iron stores in the mtochondria. 26. The method of clains
10, 11,,18, 19 further. c i Si.n n oral dpsa form of deferiprone,
def er adfrox dhe R GHfima s st e np e i TRREradi AL n ot her

exci pients. 27. The use of clains 8, 9, 12, 13, 14, 15, 20, 21, 22, or 23

further conprising an oral _ . o
37. The use of claim 35 wherein deferiprone is administered orally.




dosage form of deferiprone, deferasirox or physiologically acceptable salts
thereof with other excipients. -37- 28. The nethod of claim26 further
conprising daily adm nistration to the patient of an anount of deferiprone
or a physiologically acceptable salt tﬁgreof substantially in the range of
up to 80 ng/kg. 29. The use of claim 27 further conprising daily
admnistration to the patient of an anmount of deferiprone or a

physi ol gi cal i:al | pto
B0 ot ko 30 Mo REARRE F00Rnr 54 IR dOHRE B 180 mlodified Rk FRAEAMANP

a dai | yindedmgeustmneadhtelafe.def eri prone or a phy5|olog|cally acceptabl e salt

t hereof substantially in the range of up to 30 ng/kg to the patient. 31.
The use of claim27 further conprising adm nistration of a daily dosage
amount 3f  def epé RKONE Qhind 39h\y§ér@1|nogl'ec@dsla¥e FGE R %bﬁx%dﬁfahtrete%‘é %Hnulamn
substantially in the range of up to 30 ng/kg to the patient.

met hod iotludingisnst2iged taleaser conpri si ng admi nistration of a dally dosage
anount of deferiprone or a physiologically acceptable salt thereof
substantially in the range of 20 ng/kg to less than 80 ng/kg to the
patient40. 33. THhenefs®l of ctdidi 4 vhehdih td¥ e 8RB RHBE h SIdHRnO Bthed
dai |y dosage anount of deferiprone or a physiologically acceptable salt

t her eoftf*gd¥8-antially in the range of 20 ng/kg to |l ess than 80 ng/kg to the
patient. 34. The nethod of clains 10, 11, 18, or 19 wherein deferiprone is
adm nistered in a manner selected fromthe group of intravenously,

t ransdetimal | yThe eetodlclaym 36malerain dbfégiptdny is &imidisteddd v-addidn td b@etifegimidns.
claims 8, 9, 12, 13, 14, 15, 20, 21, 22, or 23 wherein deferiprone is
adninistered in a manner sel ected from the group of intravenously,
transdermally, rectally, orally, bucally, or aurally. 36. The nethod of
claim 34 wherein deferiprone is admnistered orally. 37. The use of claim
35 wherein deferiprone is admnistered orally. -38- 38. The nethod of
claim 34 wherein the dosage formis a nodified rel ease fornul ation

i ncluding sustained release. 39. The use of claim 35 wherein the dosage
formis a nodified release formulation, including sustained rel ease. 40.
The net hod of claim 34 wherein deferiprone is admnistered in addition to
ot her reginmens. 41. The use of claim 35 wherein deferiprone is

adm nistered in addition to other reginens.




