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The Use of Deferiprone and Methods to Treat And/ Or

Prevent Friedreich Ataxia Resulting fromlIntracellul ar
TITLIVOR®Ramiks pegON ron FI ELD OF I NVENTI ON The prBSBEOA2007/000252
— rnventiton retates to a nethod of treating or

preventing di sorders associated with cellular

] ndllng 0 ron_an A . . .
The Use HE ”c!’é@'éﬁ%ﬂ“gi‘)ﬁ%"%ﬁ @2‘2{ tRafifor E&eVﬁPf EE‘F%W%W A2y Resulting
from Inth4t eflﬂﬁr"f\}fﬁﬁ ofdgheral i zed iron overload. Mre
parti cul ar e invention relates to the
adn1n|strat|on of iron chelators currently used for
FIELD ﬁﬁgﬂﬁiﬁﬁ@ﬂﬁﬂt of iron overload, which have now been
tablished to safely renove excess iron
fromthe mtochondria of cells to mnimze
intracellular and intra-mtochondrial iron-induced _
The prese| inu¢rdionaisthtesutoce Methodr ofdaeriing, ori mevqmna glisosdesy aspociated with
cellular Bﬁ_&?p@h eﬁlq??téﬁ#ﬁbif%ﬂer Iogr ong 1911']%1 der];e%?o %ge %ratéxﬁéé\ fa; @s:ﬁ Such as
FriedreicHi/Ax@3d8 €n \thd ﬁbs@hkte%?ﬂ)g'@bralhg&ﬁﬁﬁh b@erldlde Mdra l@@l@l,cul\ah?ftﬁe invention

the cardinal features include gressive linb and
relates togth tadministrasionpfdraneshiclpterp &ulpfgfrrtgxmlaﬁélf%ih@ riEcafmpent [9é 1og gyerload,
which hagg g%‘??{%gr({jhl{ %ﬁl; %%H%\}I%EX? gﬁéﬂl Frlnég? (\é\i&%ﬁf 1'r(§ans%?r(r)1 the mltochondrla
of cells tOfmmdlzel1ﬂ&adeﬂu]ﬂ€laﬂ@|n’ﬁﬁf @utoﬁﬁmﬂﬁmlyl,ronMTﬁlncdﬂbcquEﬁemﬂ @dbcellular
six patients in two fami|ies elch N. Ueber
damage, Heijidhng igtovoRt Ly Bt E]%tlﬁngrﬁmg Pﬁaﬁ‘f‘@‘rst ra nge.
Virchow s Arch path Anat 1863; 26: 391719, 433-59, and
1863;27:1-26 in Pearce JM Friedreich's ataxia. J
BACKGRWND QEKRIBEUNYENTVEONat ry. 2004 May; 75: 688). The
incidence is reported to be about 1 per 30,000 live
births, primarily in Caucasi an popul ati ons (Del atyck
FriedreicBtat@ia iETd Qefcpb@bivalaochad with AMEJoya®WecedsiMe dni{egii@le, where the
~2000; 37: 1-8; and Del atycki et al. Friedreich ataxia:
cardinal feapieyimshisle poogrpssiveplial and/geit atexde graffesiacadsapigalsigns in the

s L A0 o B, ALl SRS i, o

professoVof mediBihe(if)) HA3QpergFGerstingl oheathairascntesd ulxt satfenmawo families
nmutati on of a gene | ocus on chrompsone 9ql 3
(Fnedrelflu%rwgaer éF%?nélta“é{F agpphye defapipilagy %Ftewﬁﬁatg?o NV EA9% hgreh path

[ c a i r
o IEEWELD S S04R LTICChIRIERINE e o ) e

Neurosu@TthﬂthZ@ﬁ%h@lyﬂStﬁ%mﬁereoum1dfenn'eCtS|remrtddhte be about 1 per 30,000

live births, primarily in Caucasian populations (Delatycki et al. Friedreich ataxia: an overview. J

Med Genet 2000; 37: 1-8; and Delatycki et al. Friedreich ataxia: from genes to therapies? Most
cases are caused by a single mutation, paving the way for therapeutic advances for this fatal

disease. Med. J.Aust. 2005, Vol. 182 (9):439).

Friedreich ataxia results from a mutation of a gene locus on chromosome 9q13 (Chamberlain et
al et al. Mapping of mutation causing Friedreich's ataxia to human chromosome 9. Nature 1988;
334: 248-50). The frataxin gene codes for a 210 amino acid protein of unknown function; the
mutation is an unstable expansion of a GAA repeat in the first intron inherited from both parents
(Campuzano et al. Friedreich’s ataxia: autosomal recessive disease caused by an intronic GAA

triplet repeat expansion. Science 1996;271:1423-7). Friedreich ataxia results from a deficiency,
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mutation is an unstable ex%?nsion of a GAA repeat in
the first intron inherited“ftom both parents

but nWQEITOII2Qf elataRin i 5élf%dd'feth€ Brain, Ale¥ds@heAU LA %Pﬂ,{guAOZQQﬂQQ\Q%SE
recessi ve di sease caused by an intronic GAA t et

Rlchardsoepﬁataxm( pamnsle @niroSom eartodsh a6 HR7iathdgB&iT YL Frledrelch's ataxia. Int

o D P G b L P bR s o 0
disease 511@%5 Rak %Hﬁﬁﬁgﬂos%ﬁ;ertﬁgih Eéi‘fﬂi%ﬂl@pﬁh?“(\/@nckleﬂtet al. @‘n@&l@:ﬁﬂp ataxia-

ath” occurs about

update oy @aﬂlgg%ﬁesle and hesste tierapiest h@umga@ts:e 280 5: 3-8ue
primarily to hypertrophic cardi omyopat hy (Voncken et

al . Friedreich ataxi aupdate on pat hogenesi s and

HistopatR@S8ichll @nd k@16 SreshiRICO Gan@leC IMRIP Atuddés hadd -shown that iron

H stopat ho | ogi cal and magneti C resonance i nagi ng
accumuleWRIH) gatrumué@e m@cswb@uﬁrttmts demateaumMarat gmndl n:ord of patients
t dent at
wit RS JINSE' SypaPYPRCEY FRMR UERBR PR BetyP b st

protein Mhﬁﬁrst ﬂ'd:@dilﬁng Snldﬁshkfcfuhﬁlﬂzﬂfd)h (f)ir ﬁibﬂ&llfbn A8 foSoddative damage in
deficit in iron-sul phur protein clusters resulting in

spinocerghellge Hiap winabcort andybrare musels (Retigichg!: tAranitpgpatridymitochondrial
xron-sulpﬁ%g??ﬁmh Qleﬁ@i' ﬁ%ﬁrﬁp&irél a{akﬁch%% G%Rc!:tnl 7q9r2q Sapq)cﬁlalltg?h et al.;

nusc tig et a conitase and mtochad
Direct evidenmcesthhtpinitochpmdtiali inord @édubiudation d)d(tu]l%rlhelﬁfeelréith afa@l ann Neurol

1997; 17:2 15-7; Delatyckl et al.; Direct
199945 &%’één@@%? ! it ORI QHInoT GHARBESrASFRE 57 b drec-radica
scavengérD pfotd RIREIHCRL A QXL AT A0 PadNey ﬁrﬁucé(pgﬁurdﬁb&?&s Fhiled to 1m£r0ve or

| debenone, a short-chai n qui none an acting as
even stapdtze mtaxia eed oW eahrodegead ngempfongr ¢Regirs ethdaBffenust idebenone on

et 5 L OV L, DAL TR L1811

neurol ogi cal synptonms. (Rustin et al. Effect of
| debenone on cardi onyopathy in Friedreich's ataxia: a
In condigipas p&lwarqweﬂperaysuchaaﬁdéqns 99: ®5and¢rzt7pg)cnts with thalassemia, iron

[ e .
accumul%tr%g gh%)hgl;ib}t O[Be bé)g % &an? ag;eintto vert ﬁeeﬁ] gp%segg?ﬁr&e reans become
apparentaiaGhers¢cdhé or t}hf(bdl@hdd:l bflife Dgypatieks dadTB@Riniderbd ¥18h .chelators to
and endocri ne organs becone ap arent in_the
reduce t]%eet@@:ll Bod¥ irethjoag, @Qc‘d&%‘fedﬁsqlblﬁ davergqeffeshon spcificagraans, such as the

liver or REAH @Réﬁc%&ﬁ gElﬁH G 3% ‘?Bzﬁ%ﬁfs&’mLe%%PEthté\@%@g%&?%:1135-46).

1 ron SSI ave an
Patients spe cmémmrcﬁ gtarBSsess ubt lasl tdfeirbn \igrthe rboldg ahs)t peRodid @ndn ferritin

chmlewtz. b- assem a. 2005; 353:
concentr?g%n E%e)asurgaﬂlté rﬂnghl‘éﬁpétl%wpt %ﬁnt{agog@&@llfaﬁén? g‘?}]ﬁw‘% biopsy,
MRI or BQNDI RsdshBett9d%eliin Fﬁﬁin@@b&eﬁﬁﬁt%fa% fybldafly well over 1000 mcg/L

concentrati on nmeasurenents and epatIC ron

and livecipprceancenitations d dtrag/gidnawietght of lovdr ewi typicsli opsy,

Over the past decade, 2 iron chelators have proved useful in clinical practice and a third has
recently been submitted to regulatory agencies around the world for licensure (Hershko et al.
Iron Overload and Chelation. Hematology, 2005; 10 Supplement 1: 171-173). Desferrioxamine
is a potent iron chelator that is not adequately absorbed following oral administration and thus
must be administered parenterally. It lowers total body iron as assessed by a decline in both the
serum ferritin concentration and hepatic iron concentration, and in heart iron as well.

Deferiprone is an orally absorbed iron chelator and has also been shown to reduce total body iron
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MRl or SQUI D assessnents. Serumferritin
concentrations are typicalfy well over 1000 ntg/L and

as assWQ 20010937280 GRAGRN ThalddAR%, Tt has MO BfcfnyiaMefif&n P C/CAR0NEN00252
are typlcal Over the past decade, 2 iron chelators

iron. A tllnai/arorp cloolgdr, dstefasirok mlgl abspbadl opllycisi demoastthtmgtchinicdl benefits in

conditionig i oL FAOUHAF GO 16 RS PO PP G Dt BT 1 S o
Overl oad and Chel ation. Hematol ogy, 2005; 10

Supplement 1. 171-173). Desferoxamine is a potent iron
This pictoteeisan genttdshto Feedngith adaguaheteythe bddriody ifop lp@ﬂmsn@t measurably

istration and t
inereasedy SepBePurg orpen PRy e g S Thoty R Bl 1Re€l sopegpprations
are “nordaldeaihuf Qhil8 pafédls k¢ expériticé BfifochdrdriaPRéeMduadd @MuRRdamage,
hepatic iron concentration, and in heart iron as well.
there is Def genepliged tissuearronrcmerlyachbs%meeron rorR eribfalteompgnent of many
blochem}&%lf% %lc%gesbﬁl%re Ocv(\)mcetn? e, ?ﬁjeca%mn? tst%tlo%ooq){in 1{5)9%hglaté)r L Pnditions

i ol chélAre €rasirox,

of non-i@halvepload, sndlerad & satdu@goﬁbltw ﬁalleedqanef‘PéISernﬂdex” (Porter. A risk-
condi ti ons of iron overload and has recentl

been
benefit aspaspae Pt sen-Fhedatingutherapy. tpeeUint. TG HHEE % Pevas proposed as a
t t,
eide SRS u TS RALELAI U A PRI Bl P8P prn e
dose of deofecdrktanand wnhe aenant gqmlcerafaltlyn of GFritic gsﬁ 4 nemashre oY e degen of iron
congentra |ons are "normal". Thus wg atlents ma

overloadg LRGeS 0Ty evER A PERPIGOR IR iis S2 e TP Smahe dfrescd when
there is 4 &1 (SthB e ABNRER dfdedttRDHEOREDR R d&l@ﬁé 19%@rurr§feﬁ9t%1 below 500
ironis a critical component of many bi ochem cal
mcg/L lmtbctess @gsssatitrene qhslaaom dmcrapyn Jucht patiaets axdfitli reinstin atoneryerloaded
n_iron.chel at or n Lo ron

f of no
comparef)jo Aty PGS R BOseCPIB FEeRE R Bl Byl fi@deye pfgadine is not
sufficientP@fidr&dsed RNt fy(ti?@ﬁﬁlebf 1roﬁq ElesdaNRIrhdy. SRR SSUIBEE @ the rationale
iron-chelation therapy. Drug Saf. 1997;17:407-21) was
upon wlp@lbmg@aa\@sc}@llglggedethg SORSeRt ﬁf pang g@p@hpham%mr@edrelch ataxia or
t s [
other co&ﬁ{& oﬁé o\f c%e:l:le 2{532%1f gﬁﬁg}es?@” ﬁ?ﬁo@g]mfoﬁg&tteogf:%gneg%hrzlﬁ?n iron overload
(Wllson eomlc elmrhﬂtsieﬂnn @donfaad Iférkitin casceatrag@sun @anéntd weth degdesch's ataxia.
ron overl oad. A decreased dose, or even
Ann Ne‘?rﬂlt é??%ﬁf‘ﬂéﬁ 4h the use of desferrioxamne is proposed
when there is a decline in the serumferritin
concentration. Oten, a decline in serumferritin
Initially,b#| SBWHEtﬂ)OhatCigjd)IL plaaadsa totieal ceksat thendévelophenatofl dimiedreich ataxia
.patients. still re ron-overl aade .
symproniFIpRP i s FEnOp: FRae BRI W PRAe the conditon.
HoweveF, i@ mRidabing k@ ivied g Ybolt e Hi@é’a% afd tHeOREVAG helef@ir biology, this
suffi ci ently increased to justify the risk of iron
view washegjegteidoandt signidigynt Gubh was cosicten an grophehefager warldeprovide a net

beneficial result, because of the lack of evidence of a preferential effect on the mitochondrion

(Delatycki et al. Friedreich ataxia: from genes to therapies? Med J Australia. 2005; 182:439);
Sturm et. al. Friedrieich’s Ataxia, No change in Mitochondrial Labile Iron to Human
Lymphoblasts and Fibroblasts J Biol Chem. 2005;280:6701-8). That is, if iron were removed, not
only from the mitochondrion, but also from the cytosol, interference with critical elements of
intermediary metabolism, secondary to a functional loss of iron would be expected, rendering the

treatment toxic, instead of beneficial.
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upon whicli sone have chal |,enged the concept of using
iron chelators for Friedrei'ch ataxia or other
IndeeY @ 200di02372018r Aty B84 preddhtddr it 4 isdiaehldt6rd desifdiribPET/CA2007/000252
absence of generalized iron overload (WIlson et al.
harmful Nor theel respirataryi chainangl if displaced iwontemt memboimss jand enhanced the
oxidativd gy fsopypnt S5 15 oL offbe TRRAPT e Gh sy 44 ebenone on
cardiomypathyGalFric@lefohtshitdli® ASEmaRiRailudel Lhhdeededcnisd:axi-a). It was
synptomat ol ogy, and that its renoval fromthe S
predictabig that hioaghni that wiogldtrembyerpafient the bedn diightorstuabiywedpse toxicity in
aﬁmﬁsmhﬁh inc&ﬁgﬁjqﬁwﬁg%ﬁ%g ge about the disease and the
p PHPY &P I Y 0gy, this view was rejected and
significant doubt was cast that an iron chel ator woul d

provi de a net beneficial result, because of the |ack .
Furthermsire,eas) ersci@iermation beeane Ay kpleettiost thepgeneties of the disease, animal

the . . . . : o o
modts S SSARUELL T (PELBLNEKLY 1ot FRRLSPBHELR or v,
became diparehBR) scichtibts Mogking &l theHlelethat @dbichadinAbéikicanitddhondrion may not

change in Mtochondrial Labjle Iron to Hu

be a in(Lt?,ﬁl,ﬁyﬁgthé)g c3amplg, ©hilg @W%t@ﬁﬁleﬁ)bhad@?@ﬁf@gﬁsq as a key feature in
Friedrei%sgth)gzogﬁdsgvhilg %gér §n0\.b1f1 t(j) 5Q%% Weh ?Ir} R}%%Yt%@honﬁﬂ&, zlgf?lln){l knockout

romthe mtochondrion, but also om t he cytosol,
models font featfein edvc eotwedchmutate iial inethe teminsurofl latetierthredinenal’s life, thus
. et abol i sm seconpdar ction

relegatinggiig 104 BYbREORETS PR OG- O PROs frepotos puf ecruitment of

antioxidhmiSi@ateOfin enrafdidiahtaRArl Huth N6r Geh&. nesRid:abOr-y; Simon et al.
~ chain, as it displaced iron from menbranes and .
Friedreigdndianie atbushmodsis sathi pregrsssieseerehetlar andsiensprp atpxighgyaal autophagic

injury i.n vitro (Rusti t al. 8. i\debenone on
neurodef et e Or AR pi A Rl 2 1o hoB e Tt nar y

study. Lancet. 1999; 7;354:477-9). It was predictable

that an agent that would renove iron fromthe body, |
Thus, with gipchepaicaliesultsiof @p dnchgliatar syggestihiox sy sndeenssigdata, including

. [ iel O ri - .

enimal GERELR 6 (5 Ba R, S LD X Bha R B, b peneficial
attentiordirsthadesld amhedhwapdehsirofi chelptots & Lielntlaexapgutie agents and towards

engi neered by introduci ng. a de|l etion pof the gepe f| .
gene therapy (ugngken ¢t %e‘géﬁﬁléelébﬁ&%’é‘m uw%tes@? Bﬁgﬁ)@ssmgﬁmﬂpm%ﬁwherames-
NeurogdnBfes b6d4 stihgf iron I oading of the mitochondrion may

not be a pivotal event. For exanple, while frataxin
deficiency had been identified as a key feature in

. Friedr icpi1 t axi a %%]mhile It was. known to store
Notwithptagfing i s ol stirafir’ KO0 aerii RASERE Wodar ¢ ppgars that the
intracellfifa@ @b gl MANRQliseAGCH REAAY Srohlifduded WiBinbhahfitodirdkion of a cell, a

~late inthe animal's life, thus . o
deficiency in frataxin results in an accumulation of labile iron, leading to oxidative damage. One
approach to address this matter has been the use of a cell permeant anti-oxidant, idebenone,
which has been reported to reduce some of the symptoms of Friedreich ataxia, particularly those
related to heart damage as a result of preventing redox cycling induced by iron (Hausse.
Idebenone and reduced cardiac hypertrophy in Friedreich’s ataxia. Heart. 2002; 87:346-9).
However, no measurable effects on ataxia or other adverse effects of the disease associated with
central nervous system abnormalities have been detected with the use of idebenone, thus failing

to address ataxia, one of the major debilitating effects of the disease, and the reason most

patients become confined to wheelchairs.
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relegating iron's role to 3 secondary one
(Chantrel -Groussard et al:. "D sabled early recruitnent
w@booanei7exi dant defenses in Friedreich' s ataxi BCT/EHaP007/000252
Mol Genet. 2001;10:2061-7; Sinon et al. Friedreich
Recent satdiosity icksteinod @l.  Blaod 2006 begndesthersecaewed b ICar Hambko, G. Link,

A M. Kigiaatd B AREObisSHaD AL MSch a5 3 oG e Thefapy Amn

N.Y. AcddUsui. Wsuh 194—01%@6(%@9?)'111&1%&% ft$at Qb mePethOhe Gog! ALRfors reduce the
suggesting toxicity and genetic data, including aninal

productibm o€ keagtiverodggen fpecieh natlezmgwelbug)ge@mtatg witiatthd rednction of their

labile irc?qhgql)(gt ?{??/}9\3%) ljslg%é%]ﬁoz%l§£?ﬂd?(i%g f{l} ?taxie!ﬂ%g/telg %I}V?%é]:cgnt}atlons chelators
with suntabl%rcﬁa%%ham@gs%eﬁ s ARLriHPNRI (Bl Beal LBRbARV0I MPNEKeR: Pootrakul
Friedreich ataxia - updat e on pat hogenesis and

etal. qumb@i)(iiﬂ d 08 hExCepi Wsind Ne@rasgemé&lers@(o @0 ABlosd. 20g) . 97:1115-22 ) can

moblhzel\lﬁ{))l\f_% trgli gn%dlf:]e gtagg%gsues angﬁﬂgg"n%gl}asﬁ%f? F%}é}{y%ﬂ)loog\{cem Iacce%tors such
as transfdiihacRbh Utdssedan@gtribitibhli & Gofease dchcEiv@RIrdsY advantageous for

i ron-i nduced. Wthin the mtochondrion of a cell, a
minimizggflpes %frf@wﬁﬁl lﬂ@fab&ﬁh‘ﬂatp@s Mareovien, aarAnalogaramaeagisois envisaged
o b orb AL L8 SRS SRR R SAKABR by

pass sterBeyageid fraaim, mlﬂudﬂfgtthe supbestare, fonhe-Shelas fbeenion.
reported to reduce sone of the synptons of Friedreich
ataxia, particularly those related to heart damage as
e d yC n Yihe!
Deferip P B A BT Sy ey A P vl Batment of
transﬁ;sﬁnaleld(rreD@dﬂlo@d,ad:mxérass ddlantmb2062(in@iddidd 6hOblootHdwen darrier), gain
asur a Ie eff(gcts on atama

h ad
access {3y pUL LR IEs, dog OBh o AL Ba B VPttheciRE Hepegnty figg radical

fonnatlo%Y@H%mst@f‘ﬁn&refﬁiﬂtﬁabﬁﬁﬂzﬁﬂ‘dﬁl@ﬁr@ﬁ‘ pask et B betd BE s %helators a
i debenone, thus failing to address ataxia, one of

ﬂuoreSC@Ihé sty ot chelbior iagtian ingiving edliss Blopd 2RRS:dD&3 24 50)a Refaripeone also
removes Gk ardi 0 I‘(gl? fatg Za%‘lérﬁ tl\}?lgfggg%rﬁf) %f:rlegeegs tleéi? vent{lc%{iir ejf(cglon ﬁélctlon in

transfus&D@éDass’tﬁda phtharswite virdise droh)bv@rlodde(ff’sﬂx@l, et@l. RanBémizBd Controlled
Konijn and Z |. Cabantchi k Objectives and Mechani sm
Trial of d?uf?rmanfc%l)ﬁfqrwnmﬂ% F%Bytamlaswnva Meig Pafdents wig4Asymptomatic

Myocar&ﬁl“’%&lé%s&zgﬂ)gh Flgg ﬂfo%q)(f% ez)ggﬁshgﬁ ro%ﬁ@bel:&f?&r 13 2005; DOI

ators re cet reactive oxy
10.11824peei-2305H0V - Q@M)n@ggeﬂtllng icong &tﬂbt@néraw ¢andind berl’eﬁdsumt padiants with
) . of the'.%cué abile iron pool Previ ous studi es al so
lron‘md}lﬂﬁlicéﬁll MEC- at relatively | ow concentrations
chelators with suitable characteristics, such as

deferi prone (Breuer et al. Blood. 2001; 97:792-8;
List of fepaencdswited

1. Pearce JM. Friedreich's ataxia. J Neurol Neurosurg Psychiatry. 2004;75:688.

2. Delatycki MB, Williamson R, Forrest SM. Friedreich ataxia: an overview. J Med
Genet. 2000; 37:1-8.

3. Delatycki MB, loannou,P.A.; Churchyard,A.J. Friedreich ataxia: from genes to
therapies? Most cases are caused by a single mutation, paving the way for
therapeutic advances for this fatal disease. Med. J.Aust. 2005, Vol. 182 (9):439.
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et al. Blood. 2004; 104: 1504-10) and deferasirox
(Hershko et al. Blood. 200I. 97:1 115-22 ) can

4, WOrRdi7/095728 4ialsi KBavw 1ORok1a8MNAC 8V hiSis Arbutti S SN@GnaPUT/caL®lg00252

10.

11.

12.

13.

14.

15, &

16.

17.
18.

19.

20.

21.

22.

tr @?lerfﬂﬁ\/l 'Wlﬁlﬁ’mﬁ’(m’ﬁ' MapSihe 3k nﬁff&ﬁ)ﬂtc‘aﬁéngc' U048 h's ataxia to human
trgﬂl% stn@‘) §gﬁlpe lgggj%gq 4k8¢) stribution of iron was

concel ved as advant ageous’ for m nim zing | oss of
es Samtkal, Mi;r loanimyp, R:hﬁehﬂtxnksM RbFeedreich ataxianpadatgon pathogenesis
neahapbsmlé &eﬁi@\ﬁssﬁglﬁdgér@tlbmmes atd.ve in cells,

eri uId shuttle jron between I )
co%sﬁ%rﬁd 3‘ Rion %taéll“eﬁ§ r%sgw%ﬂlefaﬁale%&? the pathogenesis
i nof ﬁﬂ?‘#@lcflﬁétaé}tﬁoﬁ BfOCh%ﬁ?e#lcﬁlolFé g faniddtlet0
f O RIEY Iﬁafaﬁr(ﬁé?&&@l? P( @fah&g N XMicreased i 1r0n 1n the dentate nucleus of

éﬁér{l? Rl 0 i Ol NBLEP Rl Yo e Tor the

usional i1ron ovefl oad, "can cross
ceKhnqmumnﬁhEQMbnwuhumHnnghe TelDp oct Mréhmmbammiﬂnma:aumynnd
gairécesst eediSedso cawlell boagameddie & A A aipletirggeantipakionBdidce 1996;
ang71qdpse i ron-dependent free radical formation
(Aickstein et al. Intracellular labile iron pools as

di Revig Aafig bealayP, iGhaplicat) gt Aconitass ast miloghpadrial ierysulphur
of pedteingtedicicaes indriddreieh atprig NatiGanet BI9Gol:20053;

10
as q}négétg El\gfib W’fgr be%g?:Hﬁgtr zgel:ﬂﬂggtsevgtﬁﬁgé Bt Ih{tg ’ondnal iron

V
o SRR PRD, Fliegre R AR T Eho BB E L &

W tRusdaPdiacKiei R axer JQathahPelnGeiubsagt Kasidi Banianiched Rotig A.
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Clearly therefore the teaching of Richardson et al. point away from the use of deferiprone as an
iron chelator for treatment of patients. We have however discovered this conclusion to be false

for the reasons that follow in this specification.

Nowhere in the literature is it taught that it is the function of chelating agents, such as
deferiprone or deferasirox, capable of reducing labile mitochondrial iron stores, to benefit
patients with Friedreich ataxia by reducing mitochondrial iron-induced intracellular damage,
when administered to patients having said disease, and particularly without inducing generalized

toxicity.

On the basis of prior observations previously set out herein we postulated that certain suitable
iron chelators, having the appropriate characteristics to enable them to cross cell membranes and

scavenge organellar labile iron, might reduce mitochondrial iron-induced cellular damage in vivo
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2001. List of Patents cited: 1. United States Patent
No. 6, 956,028, "Conpositions and Methods for Treat nent
of



10

15

20

25

30

35

M tochondri al Di seases" Wl |sat Therapeutics

Cor poration, October 18, 2 . 2. United States Patent
SUMRYMP7@?S4}ZQE$§Q7}E§WOSI tions and Methods for FCPaA®MD00252
=t eases" Pro-Neuro, Inc., Cctober

29, 2002. 3. United States Patent No. 6,133, 322,

o comAEES LML s S a0 e ot o
accumulgtgglowgé:ﬁtﬁQenmérQ& il cnggﬁl%&@; inQhe dt%b’és\é %Kd rri]i Safven be harmful to

Referring now to United States Patent 6
patients gridnhedvédnuar yvalbad Z@@@ot @eldmrvce”r ehetleyloof re@mnwhanclncewed or

ted by Ri char dson there i ught .
proposedy 50 el o8 R oy BESy Qo deiek <ot ot Sore dpistggly trom
accumul@fed! ifal age Whi fdlaXBYddIRicB ) Al felk tRaf Bef Ahap$8vd Misjudged the

vivo as iron chelators, for the treatnent of iron
situationgviad !tbe@omngelageg fopdlh petieatsasould be an oBTFaftl té@ltr giecthould conduct
prelimin@%fa?s(tgalg?;t% %glgrtéma d %u?i\llr{ T énﬁmlg o tl&eh pg e%%l § eﬁ‘,‘gl rognspemﬁc
chelatiory #erapyabasedlof a %@ﬁts GhdhndsClfertpsénd, Bol @sprove il fun@itfental problem
Speci i cal | e all eged advantages of the PCIH
zmdkwsnnem@g@égnaleuaﬁ@@ussed in conparison to currently
avai l abl e iron chel ators, desferoxam ne and
deferiprone. The patent describes the deficiencies in
In suppdeséfeionr @vatepneofatisiag| detipeZmbinneir@s chelamty. suehr dsheeferiprone or
t he patent describes the def|C|enc|es wi t h deferjprone

deferasings, 1o dEcamd BUATIOBRHSTeA G Bk: Ferkachsagafis e Riipary defect, we
refer to % %E\kf%tﬁ(ﬁ){)?%ﬁ?}drﬁeﬁﬁ%%ﬂdth@cﬁ@%@ e GhakAL g d&@%fymg iron in the

recent hasi zed by the failure of deferlprone
mitocho(ddisas enpoved &y Gﬂkhm al. (Mitdchvatihgllir@r depeki Doafioniigla grimag) function

offateng R Seihie RSk R kAT RS TR, G, 3005 pec
21; [Eplﬁb’i%ead tor ntwRie @@hhg Ry With hn LS sysRinRY, tfﬂz’iruﬁhper supports the

resulted in hepatic fibrosi's and an increase in [iver
conceptFeclpted dp e of dgrmedianigas eofi astiogFgen @ @ar Ingvel hbpdsf ok ghe use of

deferlpr&llq( emtt ¢ halftrrr]lgnt of ﬁeﬁﬁafacrh 290, & deas{;]nl?e%%epotw away from the
eri prone as an it on e ator tor treatnent
of patlents We have however discovered this
concl usion to be false for, the reasons_that fol

Accordipgite aspiaBam; eRestor. thrgirratians thef s pﬁw&eétmﬂ@rqpeutmally effective
amount gggﬂﬁétreﬁ{] %%al' itor Shdi6es' sglgftf tals a2 &rﬁe&ahgﬁﬂs@(?g Bt Physiologically

as deferiprone or erasir o
acceptabiledalts thgrdodilto [peefoiehtdhoredncabr rander Bfaotn‘&sthettOmbenmf stbres 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.

In one embodiment the condition being treated is Friedreich ataxia.

In another embodiment the condition being treated 1s Huntington’s disease.

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

In yet another embodiment the condition being treated is Alzheimer’s disease.
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In yet WQAWAITLRERMA the cBRlili&Nb&nBVitEDisTRAlIHpIdisSI8RSR, PEITEA2007/000252
particularly w thout inducing genera Plzed toxicity. On
the basis of prior observations previously set out

ul at ert suitable iron

in et andfief 5P ERREUF s et Bhe G plisbeBRb BBRESIC e s 1o
enable themto cross cell nenbranes and scavenge
organel lar labile iron, mght reduce mtochondria

In yet anothsn einhadiowdt belcpudiien beingtyeatedis\Hallgmiordencipatd f ect i ng
the iron status of other organs It is therefore an
object of this invention to use chel ating agents

In yet ar®@R8BmBodincheme condtibbéih@ wreattOBMIVA §y@lirdnion st ores,
such as for exanple defepprone or deferasirox or a
physi ol ogi cal | y acceptable salt thereof, for treating

Ve ' L] mage in

I yet i Bop BT e 0T RLRE UEREY | ol RE LSRR OT

provide a nethod of treating, reducing, reversing and

preventing iron-induced neuro-degenerative disease
Accordnpgqtoaan'ggte,'r AECHRfrthe Byventieh hersds pg)(y}dégtasthgﬁpquﬁéally effectlve amount

n L
of deferfpfe e Oftrblick (8T R0 RRAFL Foplafle ARE ek ) Bkl reduce
or render hmemé the taid irbh atorex i@ thebail ad/cddas opppatetheodelltilae or intracellular
<h dg lnentibg e |nvent|on ?esc ‘f gp rei nThe
mshandygng PeRP™ thi"ART ft ¢ SV QR &F Fopnquy %‘T&i i s that
iron chelators woul d not be hel pful (as iron
accunul ati on was not considered the critical factor in
Accordinghto moslsa@s:)ect efrtbe mvgmioremew 1p pravadedfagherapeutiatlizeeffestive amount
Wt vert iron ov el.at or..or
of deferifihft SRRt P RAATS 2Rl IS BN Shrmapaty reduce
or rendes @la@Giid MR tht ifoflstRW MGhé B SldEMab tmitightt Sheaddilark €l intracellular
specifically fromaccunulated iron due to frataxin
mishandlag o jrem éyiic brean fasithe staRitizative ! iray-indiged dmsgagdged t he
situation, and the potential gain for the patients
woul d be so great that we should conduct prelimnary
Accordisg t{dzizrﬁﬁhdr asptet eff thie firevenfiorothereuin gervsdedrndhagpaiticalbeeffective amount

of defe Oct)rg:g(tgl Cfg%%?ff (%{tsphgrglp Fecé l% Iﬁgce%h a%llltg E}ﬁat(%%rég E)Kééerentlalg/ reduce

or rendet YRRAVRMHeAbxiBHRR! BT ARMAMObrady BRI rBitioht HRAEBIER or intraceliular
ataxi a. In support of our concept of using

mishandgig lof pen metn brain dor thhetamentf imnahdwsd dehegd. prone or
deferasirox, to address the mtochondrial deficiency
in Friedreich ataxia as a prinmary defect, we

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 brain and/or to mitigate the cellular or intracellular

mishandling of iron in the brain for the reversal of iron-induced damage.
In one embodiment the condition being treated is Friedreich ataxia.
In another embodiment the condition being treated is Huntington’s disease.

In yet another embodiment the condition being treated is Parkinson’s disease.
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w@emposees by Gakh et al. (Mtochondrial iron PCT/CA2007/000252

detoxification is a primary function of frataxin that

In yet arlother embodinttat iheconditrag beiag trepied seklvbameeh iskawngevi t y.
Hum Mol Genet. 2005 Dec 21; [Epub ahead of print]).
Wiile dealing only with in vitro systens, their paper

In yet an%HﬁaP efbadihlat GReResMIiSn beihghested R MMapRisclhgisrechani sns

action seen in our novel study of the use of

deferlprone in the treatnent of Friedreich ataxia as

inyet G SPEEREh B o hEER) BN s iR RRGRY ) @ "

effective anount of penetrant oral iron chelators such
as deferiprone or deferasirox or iologically
In yet angpéhes gmbilineghthesondidipe being @eaﬁefﬁ@%%ﬂwsm@a uce or
render inactive the toxic iron stores in the
subcel lul ar conpartnents of the brain, and to renove
In yet arotigsn efbodinidne R coadipah beiptsated dDOWN byndidbhe gat e t he
cellular or intracellular mshandling of iron in the
brain. In one enbodi nent the condition being treated
In yet artcﬁhé: tn%gﬁ?%e(ﬁ Al @K lfion :?ng L8 s ﬁﬁ@@é}'d@g&erattt&ﬁ
condi tion elng treate untlngton | sease
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of deferﬁﬁ«%é"@rr d&%ﬁﬁixmh}&i%ﬁ)g?&ﬂ@atcb%bb@ém thér8X6 q)réf‘érentlally reduce

hembchromat osis. 1n yet another enbodi ment the

or renderonalitive dine togionigon steetsad the miiathandviefaethe $pestention nf yetochondrial
Hmynmkunger enbodi ment the condition being treated i s Down

4 In yet another enbodi ment the condition

belng treated i s macul ar degeneration. According to

anot her aspect of the invention there is provided a
Accordipp & anppshariaseact 9f befpeanfioe theppismroadedretherappitisatly giective amount

of defer?gﬁf)r?cr &S&Jf&)ém? X sf%)l (?gl%a(ﬂ? (%X%)Zzﬁ)‘f@ Eatlﬁtth&egtatjogﬁ%fie{/egtlally reduce

ereof to ren
or renddrhgaction itte: tloxranrcfd :nmes in ﬂletdmeodhbﬁdrm fan diecstattikizamioh iof ati®chondrial
the cellular or intracellular mshandling of iron in
fron-indpped & for the prevention of iron-induced damage.
Accordi ng to another aspect of the invention there is
provi ded a therapeutically effective anount of
Accordide e pigthorepat oﬁ&feensa&mitipmxhem isphysial @giccmentycally effective amount

acce salts ther ref rent educ
of deferf LD TH{GRTTVL T HE U Br BT St thentfc B Rpetally reduce
or rend@NRh&QIvel e MdLit GdhEstdRE i Blel Mltd¢hoRlrid R BE RlehtheAf of mitochondrial

iron-induced damage.

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.
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render inactive the toxic iron stores in the brain
and/or to mtigate the cellular or intracellular

.m shandling of i i i.n; f VeLs, :
acsorifl, 0SB i N!0, REBE ) e o
deferasifBRion ghysicagiesly sccpthiesaisaheradfinithe mhmfacrotelvda pharmaceutical for

~enbodi nent the condition being treated is Huntington's
reductioq)pEayaapoms At {aedreish 1812 enbodi ment t he condi tion bei ng

treated is Parkinson's disease.In yet another

enbodi nent the condition being treated is Al zheiner's

Accordini seamethet rusyeet cdntht hievergivhottieree st proveledothdi useopl Beferigrone or
treat

oceras e el LSO OB b AU pharmaceutcal for
treatmerl SFPALIIBIRRLASRIS | N yet another embodi ment the
condition being treated is Hallervorden-Spatz In yet
anot her enbodi nent the condition being treated is Down
.syndr o In t ~anot her.. enpodi ent . |4 LG e
Accord”?g an?réogﬁ?rsaspr%cg 9f Z\}e REGEINE: BFTOR. prixgélgcf% i‘l:ﬁr)?gl%tdo(5 fgtgeg? ﬁg ?gledrewh
ataxia irﬁﬁﬁ%ﬁts &El_lltih% floRY itfotiihdtiRelren-irklupéddiimled, aomprising administering
therapeutically effective anount of deferjprone or . )
to the patégns eatbprapsutisallp ifsstbiccanaulf oy dafappngpfdeesirqisor physiologically
accepta 1% %El?so{hefe%f @{lﬁifc?e{h?% 'tr@iltl yﬂt{%ﬁ&&? %taQﬁl {egﬁlﬂﬁé ffﬂoﬁ?ﬁﬁﬂo\'fﬁondrial iron-
e toxiciron stores In the mtochondria for the
induced@asdgat i on of m tochondrial iron-induced damage.
Accordi ng to another aspect of the invention there is
provided a therapeutically effective amount of
Accordiqgft@ gbtpz{rﬁ)ﬂﬁar QEpReH LIRS hi@HioA! thehYiR ipRba8iLaklethod of preventing the
acceptable salts thereof to preferentially reduce or =
developrrg:nd ef sjfmlat_otrisv(sc Iflﬁ@ird;idxiam.xia.r impgtegtse@sulhng fi@m mitochondrial iron-
inducedﬂz%%%?ggﬂ%@ig%ig%tesr}n%%ltile% %Eltlie%? aotixergf)etu%%erﬂ?yn gtrféc%ilve amount of

deferiprone, deferasirox or physiologically acceptable salts thereof sufficient to prevent

symptoms Friedreich ataxia.

According to yet another aspect of the invention, there is provided a method of reducing
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.
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Accordi ng to anot her aspeci of the invention there is
provi ded a therapeutically %ﬁfective anount of
AccorW@lefoendIIeRimer Adpeed eihashvdtio® thBBUS hRIVREHICAMLIPCT/CA2007/000252
acceptable salts thereof to preferentially reduce or
symptonrsenid Eriedrpigh tataxea ithpatians esltiog fyme ﬂ@@chwl(%/ﬁé iron-induced damage,
..mtochondria for, the.treat.ment of .mtaochondri al .
comprising o?ff“i“mf 08 WalhggBIURL caoltﬂb"ir?Péuﬁ%angn FLIYC Uy of deferiprone,
deferasitoR€r! PN d PRI NRES e RAIGYViIRL S JuitRRhARE Wablidk lthe symptoms of
effective anount of deferiprone or deferasirox or
Friedreightpigiial ogi cal | y acceptable salts thereof to
preferentially reduce or render inactive the toxic
iron stores in the mtochondria for the reversal of

Accordiﬁ%}to%hﬂﬁﬂ hdpatt dfitedinteutRdher iBgevided efreke sl t@X FeEdreich ataxia in
ysiologically acceptable salts thereof in the

a patienpgsyftigt fiere BirOGopdad isveipdresd| dmpeep pevRiting Adpistering to the
: y ~ Fr.i [ axj di not har. ..
pien BBl ELHEICE, o at) SOOI A" Rpocscny
acceptattiefats itiprestautiiciae fetras iFriedrelzh apitysi ol ogi cal |y
acceptable salts thereof in the manufacture of a
pharmaceutical for stabilization of synptons of
Accordifig ! | | ik Bat NFEviaaPs td Bfevent th
Ccordu:%]\}(z tei gﬁgtth%;e?gﬁe?ts Oﬁ?ggildeegg? ghéfj}seE gjfe( BVc*g?(gr@Iplrl%Le Er vent He
developulefitesfagimmome ot phigdicathogacalih y ateepeablieg §aht sitochondrial iron-

) thereof in the nuf act ure of a. pharmaceutical for.

induced 3080, HTEF TGy RPUBHETGF ‘b eRT R0 R HU ST A At GEy hgmount of

deferipréift, AR AEIOx ASPERYsiMgitAIR W epRblcOfit NBEROT SuffitRYUI @ Grevent the
the use of deferiprone or deferasirox or

developmhyisifolymgiosed dfiyFrigdeeght sidie salts thereof in the
manuf acture of a pharmaceutical for treatnent of
Friedreich ataxia. According to another aspect of the

Accordih@uepdtia@bthet hpee dfshPmadhtdechare®phntieaffol iRab ishi®ilize symptoms
. Friedreich ataxia in patients resulting from o
of Friedpgi¢hyalasiddp iaatatipntorsyl e dem wuadipedrigdrprindnesg damage, comprising
. . M. ni i to i . utd . .
oaminis LY SHEA00, 0L BB Bt L GBS Babhfone, acrasor o
physiolqpiyadiy abcapiabdd dajts decep safiicens®l tabilifeaympfonsuffiiredridh dtaxia.
treat Friedreich ataxia resulting from mtochondria
i roni nduced damage. According to yet another aspect of

AccordihP&ol ﬁ%t{ _eﬁfoit}?:ﬂ,asf)af & i RvaMicdether TEbRVHAT for use to reduce the
preventing the

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 reduce the symptoms of

Friedreich ataxia.

According to another aspect of the invention, there is provided the use of deferiprone,
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

Friedreich ataxia in patients resulting from mitochondrial iron-induced damage.
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devel opment of synptons of,friedreich ataxia in
patients resulting fron1n1%ochondrial i roni nduced
wa@l 200925728 0npri sing adm ni stering to the pati emtT/@A2007/000252

therapeutically effective anount of deferiprone,

Accordingefce yéls frasherosppityali tieogyendiony theee ép petiidedsthet use of deferiprone,
e f t F

deferas1r§{(]a§( 3 gfmy i\& %10%1'1? r!ic%%)?a‘tﬁ){ 4 ﬁ%?geég&g;f&n‘ﬁ} %d%?t{](% %I? symptoms of
Friedreidhnivaid inQgatichtd @¢stlting fwr@m@eworﬁinmsitrmmdu&ed ®ahigeng

synptons of Friedreich ataxia in patients resulting

fromm tochondrial iron-induced damage, conpri sing

t I al
Accordlrgjgﬂegletség&fé%gas{ggct ?@gﬁﬁténrbiglgfrogh éﬁé}]g @?(géc:leﬁaoyeylﬁse of deferiprone,
deferasuphycﬁl yeplaatdlly acegpblaldaks sidrést folhahe ofeatsudnt iFeicdreicht ataxia in
uce synptons of Friedreich ataxia.synptons of

patients ﬁssﬂeag oehmgpehardriphirpaarrdslara@sel ting from

m t ochondrial iron-induced danmage, conpri sing

adm nistering to the patient a therapeutically
Accordir@c foegtothee aspasting thefindetien) thewne praeder aséffarkive therapeutic amount

SIO|0 |ca C t e ts er.eof su fici
of defer Byt of gt Rle Sy S BERBUBIS 17 Lir el o AT ion b B dekgopmen
of sympfo?hs&m Hre@fei@cReGh iPbattdh® deBMERN FOM HBERNI[aIRFRVINGERd damage,
for use to treat Friedreich ataxia in a patient
sufficient ésfm?ﬁ Frigdiercdratasia. ochondr i al i ron-induced danage,
conprising admnistering to the patient a
therapeutically effective anmount of deferiprone,

Accordifiet@Kas bfi®Kerofisppbysf tHeO@vEdlony tiage epipahh@dsai fefective therapeutic
thereof sufficient to treat Friedreich ataxi

amount Af clsffinigna 6F yee ﬂ)hmpaléal Yagpeptably Sftlhéh‘?rﬁﬂfefﬁrl ba tapakization of
symptonjléopf*‘ﬁgdrg g J’I_.BI{ tsp Fe%ﬁfﬁﬂg fM}S rgl%lc?llnqm q}oncﬁlduced damage,

tons o ataX|a in a patient resul
mﬁﬁcwﬂiaM@mm%mdhmmﬂnmaé |ron|nduced danage conpr|S|ng
adm nistering to the patient a therapeutically
effective anmount of deferiprone, deferasirox or

AccordiRhYS yel aghha! las)f)e@tc&e ﬁfeaﬁllvgntﬁﬁl ttl?er& he rp?&flde?luﬁrf 'eﬁb&We fherapeutic
prevent the devel opment of synptons of Friedreich

amount of deferaprong eiod ghwg)logjca}lb{ acgendrtie salabpesot fagfthe teduction of symptoms

. Jin ti.on ther rovi ded .fo
of Friedtd el Ty it ihuleg ek e hor i P B i Rgengpticient o
treat Friédr&oh giakchondri al iron-i nduced damage, conpri sing
adm nistering to the patient a therapeutically
effective anmount of deferiprone def erasirox or

Accordlﬁ)%“ﬁg y% bl lcl%f)e"é]tc GERLARLEn C}?o@), ttlEeré q? )?%)\flde%ugl{ eﬁf'e&[ue tthgrapeutw

It ze"synptons o “Friedrer c
amount of deferiprone or a physiologically acceptable salt thereof for the treatment of Friedreich

ataxia in patients resulting from mitochondrial iron-induced damage, sufficient to treat

Friedreich ataxia.

According to another aspect of the invention there is provided a method of prevention of
symptoms of Friedreich ataxia in patients 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 the symptoms of Friedreich ataxia.
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According to yet another aspect of the invention there
i s provided for use to reduce the synptons of
AccoWOrR002UyTRDkhed tagpdcBlof thednPditiog Nlieré @Sphot/ided af h@RPCT/CA2007/000252
m tochondri al iron-induced damage, conprising
symptorggl of Airgdsiahngaxia in hatipys resutting frove rmaisealipndral [iypn-induced damage,
effectiye. nt deferiprone, deferasirox o .
comprisl B iR Oh &L o s BUGRS. ERUFECRhART  PLicehinege or &
physioldgeeg @ctdpeabie/Sipttaereo Ofu fiiéR 65 qhisillzatha X @ptoAME P FeieichQitaxia.
anot her aspect of the invention, there is provided the
use of deferiprone, deferasirox or physiologically
) [ : the. pr ' of, t ~
ccora ESFRLA R sy INPE TRl SRS BREROE L AR I Baucion o e
symptorpaof @nfedreichsathtia g patians mésubmofieth i itodhbadiidl Aebmci@duced damage,
. dampage. According o yet another aspect of the .
comprisyg, &1 ipgRInigtFion Pk apihsiinsutcallye clisdiver amemér pipdgfreiprone or a
hysiol (hE815 ARl OLalRANEH QL PRI GRS YedAGERP L ARb B A Fiiedreich ataxia.
PRysio (?%ear gof fpor thae sta ilul?fgéellfl?on eo? syn‘p?g#ns of careich ataxia
Friedreich ataxia in patients resulting from
.m tochondrjal iron-induced damage. According to yet
Accordif, 48 RBF SAUbEtspE GBE HRVHOR GREre th RS s lleet rpgment of
Friedreibi$ 8taRfa id6faBEAtR FQ0Ring eS8 mARI hOndrAl irBH—Yl?du%(Pgérﬁ%é, ¥omﬁgsing the
_ . acceptabl'e salts thereof for the reduction of synptor
adminisgpti@y joddp ethetapetmailn dffecpae i ammuot rads déferiprgné rama  physiologically
j andr.i iron-induced .damage. According to yet
Emcqﬁd%%%@ﬁ@?“@iSggfwg%mfﬁ%t#@ﬂ%ﬂf'gﬁ%athere i s provided the
use of deferiprone, deferasirox or physiologically
acceptabl e salts thereof for the treatnment Friedreich
Accordigg A0j anather epecd ntfs theeiipntiongthereoin piovisted otherysgl of deferiprone, or
L ron-i ] L. r f . .
oeras I OHERA BTG, ALY P pANH G PRRALE ot i
ataxia irthepaijeetst iresultimpurftonof ndetksridpabnieomindacgdhylainak@giceapliying the
. . acceptable salt thereof for the prevention of the )
i L e e R Pl o el st o
hysiol QBEAIRMRefteR shikd thefdoP R HcIAE RPPRLER! the ORI REUERF symptoms of
P ?’SIO_ amagl_e, eS:Ffjffi gi ent et 0 treacte Fri g%r erlﬂch at ax(|5 a. Sytproms ©
Friedreiflealoxidi ng t o yet anot her aspect of the invention
there is provided an effective therapeutic anmount of
deferi prone or a physiologically acceptable salt
Accordinfeb eef ahéthert fipe@t@btht lida@intion titdre S PRVQI¥E tRE use of deferiprone, or
Friedreich ataxia in patients resulting from o
deferasipy dcthe mepnuiicture eh2iphateasduiirahiyestabslirefipe o€ aymptomsrag dtriedreich
o Er i C Xi a,. Al [ o..yet, anot her,, as t of
wia 5 BEHEEL B2 AR A0 30 S RPADE 2R o of
deferiprbhe roapdifi¢ragrox or physiologically acceptable salts thereof sufficient to stabilize

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, or
deferasirox in the manufacture of a pharmaceutical for reduction of symptoms of Friedreich
ataxia in patients, comprising the administration of a therapeutically effective amount of
deferiprone or deferasirox or physiologically acceptable salts thereof sufficient to reduce the

symptoms of Friedreich ataxia in patients resulting from mitochondrial iron-induced damage.
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amount of deferiprone or a,physiologically acceptable
salt thereof for the reducrlon of synptons of
AccorWF2iedBe hetagydcl of fhed flveRidrs theRsid| provided H@MUPCT/CA2007/000252
nrtochondrlal i ron-i nduced danmage, sufficient to treat
deferasirpx jie heanarm feateriod 2 pheveicaiting! (e tipetmenh ot Ragdraishataiagn patients,
compns?rﬁglp aeb éﬁ?rt k{og%ﬁﬂ%e hgralpgut caﬁ?yl Sgﬁ cgre %Fnoglgg?if;dse\f% prone or qeferasrrox

or physiéle SR Pl ceptabletsalth@ERef suffticithe tkitgaicdridh Qlxia.
Friedreich ataxia in patients resulting from

nrtochondrlal iron-induced danage, sufficient to treat
L& X r
Accord1 o gltme[on zfsﬁéc?edfatge é?\ge\?l{lgﬁ gk%ré % ?1{%59 éféﬁ thég?ge\e/ gfn {i?%rql C e for the
preventlsry IﬁSﬁttMeﬁloIﬁﬁerﬂ cfedyadpt@haxi dricdrejrht atexit Sinre paticnt m@ultmg from

fromm tochondrial iron-induced. damage, conpr|3|nﬁﬁ%
mitochopdial riregringdegedndasrags, 9%?%%@%51%@ foethei Rl caind erapeutically

effectlveo & &l d%?f?ﬂ) orff ofr"ag)h]%scibﬁ R:Qflf alde ta@fécs%ﬁttﬁglegf S Her to reduce
ereof su cient t revgnt he Synptons of
theuonEbhﬁdﬁdkﬂhﬂ@maxmatsynptOnB of Friedreich ataxia in
patients resulting frommtochondrial iron-induced
damage, conprising the administration of a
Accordﬂi%% ?@%ﬂBﬂh@raleéct%‘fftﬁ@ Iﬂv\éﬁr(ﬁr‘fﬁé‘r@trs EFOV%HQﬁé R4S e®dripfone for the
si ol ogicall'y acceptable salt thereof sufficient to
stablhzasmahnf Ismtctrmﬁedéynpdrowh X1 edraecmheaﬂm fomAmetoeldindgal iron-
et anot her

induced Py G e B B 7 B (P RO esGr e Hfgeive amount of
deferipréid, %ﬂﬁ?ih‘}ﬁo Fﬁ?&ll}'ﬂ abdepRdld ﬁﬁttﬁeré(ﬁsrbl'drdiéigo frédde the iron stores in the
m t ochondrial iron-induced damage, conprising the
mitochogdid-ni stration of a therapeutically effective amunt
of deferiprone or a physiologically acceptable salt
thereof sufficient to reduce the synptons of
Accordiftg it@gléteinothentgittoof the dnelioigthtr iy ptovidedtthe nseasfm&rrpﬁ)éne for the

the invention there is provided a method of treat
treatmergofHiniedagieh @iexsy mvd Rafignt 638[1#‘[@}& zorp Juiipg Oﬂgrléfl R 1n ed damage,

comprrsfﬂévt QEANENG! (o 1thO B%t'rétﬁh YGRGa Q?y e fFQRRE laf ot Bf]@eferrprone or a

‘m ni strati’on of erapeutically effective anount
physiolagf catlgfaecdpprbbneltaheraofoh ysdwltorridoed thy irag septsab e m@d¢hondria.
t hereof sufficient to treat Friedreich ataxia.
Accordi ng to another aspect of the invention there is

AccordiRE @Y fk/a&dlotrféﬁ adpett Of the afvehiidt BRR: is rovieiiahashd OXddf&riprBR: for the
manuf acture of a pharmaceutical for prevention of

reversalssfrwm@tmnmf lirradeciehedteria an am‘aent methmigefmr@ miteshendriairon-induced

m m.taochaondrial ironginduc ings) i t he
damagea d,om rising. r(r)lhmsotFrrrég ttHthaep | ot athe g?utlc ffgeeﬁercr:grg% tamount of

deferiprohe, A fagihypiopecallly ad&cp&fb@ésdltotherfébf in order to 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 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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physi ol ogi cal Iy acceptabl e, salts thereof sufficient to

prevent the devel opment of Synptoms of Friedreich
AccotW@RRTIST2ER adhded of he/ Bivemiv hRfe ASRECIed@f thBBCT/CA2007/000252 .

invention there is provided the use of deferiprone, or
amount gk fleteaiprangori mhysiplograHbifageeniabde oflt shoserdira dreusthbiliratfopr of iron-
induced ;%ﬁqﬁ?%lﬁ}fée?‘terl@?}?r% ?({i%elsa%egm{l g}gﬁiaeg{r?i Et{s{é]?%rgffrgrﬁl %i%g:hgndn%l iron-induced
damage,t fgnRReW be affeytiaf hRclitVe adretifron®for Ciiegle}‘si(ﬂé B&1yOkcceptable salt

def erasirox or physiologically acceptable salts
thereof tp pagtergntiad f efegedhg irpwsteres i tezeiteshapdrsms of Fri edrei ch

ataxia in patients resulting frommtochondri al

i ron-induced damage. According to yet another aspect
Accordind td et anvdlemtaspart tofielie inventismoheeet ploeideda btrapeutically effective

feriprone, or deferasirox in the manufacture of

d lefr e a .
amount ﬁ%aﬂeﬁm@nq eaPhyselogicgl premtadie syihphsrnl Br the jteaimagnstpf iron-
induced & &fd-Ae éﬁeﬁﬁ% eflbSise GAMPAteftsN Seshitf ag@%nn nitdeAbidM Qforfinduced

therapeutically efFectl e anount og eferi prone or
damage,defreprassng ox ebfectivey simoltgofc ddfeyprane eptaphwidagitaly acceptable salt

t hereof .sufficient.to reduce the synptons of
thereot tpRrefgienighy toPUSEIIAS 1P HATe o fhe TRRBPEATHy f r om
m tochondrial iron-induced danmage. deferasirox in the
manuf acture of a pharnmaceutical for treatnent of
Accordifg ite yrlehmstthetasréch of thg atvieeters theeo rppriosidad) at therapeutically effective

admni.stration of a therapeutic ef.f.ective ampunt .
amount BFEEERER, AR Qe BrLERTHNL S Iyt bTabyt KGRyt on-nducea
neuro-deA&Rti AP |dsead s dabiedite olesigdhd | fedre Nhitb&hohBL/AL iron-induced damage,

_Friedreich ataxia. According to another aspect of the
comprising,aheffentive aant of delsUipyag o Hephisiolegicallet eacepipllaesalt ghereof to

: I t: t of synptons of
]ne&ﬁmégﬁéggg%?ﬁggﬁgfﬁgg?ﬁ%gqgggkgﬂgﬁgesuIting from

m t ochondrial iron-induced danmage, conpri sing

adm nistering to the patjent a therapeutically . .
In one grpaiinept odndarbeupou el bt ShesEon ghe Bk dneedigntcia Agferiprone,
deferasi®%C %ptﬂ%i@loﬁﬁlaﬁy tREERMle | AIOTHEEOE For BHNERidEhe U LIopment of
stores in the mtochondria. According to yet another
symptonasspleiniedodich dexip mesghingdron métogharsiriph ipwri-tddcddndamage iopatients.
deferiprone for the stabilization of synptons of
Friedreich ataxia in a patient resulting from

In yet afbth@Cdngttdirnentt of tenineteeer thaTReSitios MEAdSE 'ik%redient is deferiprone,
adm ni stering to the patient a therapeutically

deferasigoproa phiyyialogialin accsptaliisrsalis fetsed forstabaiziy b syopioswl dfyFricdreich
ataxia re@ﬁﬁiﬁgtﬁ%m ﬁgt§8{05d{iglqho%9i dhkdYafGhe gloparti% yce the iron

storg&s in the mtochondria. According to yet another

aspect of the invention there is provided the use of

deferi prone for the
In yet anotLer elnl?bodiment 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.

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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treatment of Friedreich atgxia in a patient resulting
fromm tochondrial iron-induced damage, conpri sing

In anW@2WTAVTRBEANGS tthe tUde (fatheelitvedidnh e petistel GripréBCT/CA2007/000252
_effective amunt of deferiﬁrone or a physiologicall¥‘ ,

deferasirgy o8 phytplegisally aqcrptplls palisrthereeieior prsvermgdhe syepipm ! Friedreich

. ' e ' di yet anot her

wtaxia refBhE Folnld (o BRI R BRRE AR E " e U of
deferiprone for the reversal of synptons of Friedreich
ataxia in a patient resulting frommtochondrial )

In yet appihar crgodisent ehdle tse Ohihg F1vERtidd Hentditveringigdient tshaeferiprone,

i B 08y 15 RS . L SELER VB BRATl S o pisc

ataxia reslléng 6o mitochdadridldroneiddwed damage @rpagéms.es in the
m tochondria. According to yet another aspect of the
invention there is provided a therapeutically

In yet BHIHELEhPEIRATEHRF R vdeherhdiRRRHM tl{%hyéfvgliﬁgﬂegi%“ ¥ deferiprone,
acceptable salt thereof for the prevention of

deferasiiox orri pithisdakicriyr cdsgeinenbit theeeodi for isatiignFpeadreiehtasaxia resulting

Jyesulti frommtochondrial iron-induced danmage,
ﬁonln“%ﬁﬁﬂFﬁ@Fﬁ@*Eﬁ”@? 18940 BHBIRt of deferiprone or a
physi ol ogi cal |y acceptable salt thereof to
preferentially reduce the iron stores in the
In yet anpthee kombddimenhpbuihe ued ofl dhe friveniaere ther agsivg singlediginc &l figferiprone,
deeas ST Bar ALl AALEER fSin 0% LB 3 Sl o rcari
ataxia re@ISiHg foROmitbHont#i dlaednoindiided|daina @i gaduged damage,
conprising an effective anount of deferiprone or a
physi ol ogi cal |y acceptable salt thereof to
in anottBf ERBLEMEHE LI BRUTT Py bIRR FACREDe! ubfife aprorpl dosage form
of deferipmnend¢femsitdresrephiysiofozoall d ecteptableanphiteb £ @lth yther excipients.
effective anount of deferiprone or physiologically
acceptable salt thereof for the treatnent of
In yet aotiRR IcRfbd@ RSk S HHR 1ARABDE RLUSY fhad HRRS @ olpriR@hd &% Sosage form of
resulting frommtochondrial iron-induced danage,
deferipr@gngqcfiegisiqu enpheffodagi¢ally agerptabie safts thefeof mpthortieer ok cipients.
physi ol ogi cal |y acceptable salt thereof to
preferentially reduce the iron stores in the
In anothe t@BEEIRRAT e PASEOIsdifMBe I eein AR RESEr a&ﬁfme &lilytdddhinistration
invention there is provided a therapeuticall . _
of an amopupiel Jofesinapraeita BTysieldeiqally pegsetable qghylsqrmf@ggsmuayy in the range
gﬁyﬁ I thereof for the reversal of
OfuPtO??o -|§gugggﬁ%%ﬁro-degenerative di sease in patients
resulting frommtochondrial iron-induced danmage,

conpriging an effective anount of deferiprone or a_ =
In yet arﬁ)rt] i€ 881%’[ Pgthﬁd’é@ﬁf@'&) the usg maytfpghes gpmpgise 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.
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preferentially reduce the b6on stores in the
m tochondria. In one enbodinment of the methods of the
In yeWO DMe093728ii bR @Cthe gventigh &t 83t mhp felefce coRipARBCT/CA2007/000252
def erasirox or physiologically acceptable salts
daily dogagsragesiunt of defedpiene iong phhigiolgaicelly persntablst salfythereofmibethintially in
d [ting from m tochondria
thenmgggfﬁo&ﬁ%ﬁggggg§}mémg?# patients. In yet another
enbodi nent of the nethods of the invention the active
i ngredient is deferiprone, deferasirox or
In anothﬁh%b@ﬁl@gﬂt@wwryeth@(tsgpﬁtab fieventipn say Havteasfcopyrise administration of a
daily do?%'@ké:nltxduﬂ g 9%1?}? ﬁgﬁyﬁ og{caﬁg agée %(l:)ge tﬁera%f §u|}1)stant1a11y in
the rang@&fi@mtgﬁkg tb mesyatanan)crhgmg tcema@dnm.nt of the met hods of
the invention the active ingredient is deferiprone,
def erasirox or physiol ogically acceptable salts
In yet ahdIREEGHLS eltntr(?fatth% qgveglﬁbl? gﬂeeh&hm% Fhifer CS ﬁhgé Q&n{nﬁs‘ﬁmion of a
n1tochon rial 1ron-induced damage in patie yet
daily doaa:g@tdmmunenf)deﬁenpmne of atpﬂn@sime’ghaaﬂﬁ acfeptabke dattvteredfosubbthstially in
th ve |n S Eferl prone, deferasirox or
erangf‘)ﬂ ‘FSIS)(E‘I‘ OdpYkBIRE BRI her eof for reduci ng
t he synptons of Friedreich ataxia resulting from
m tochondrial iron-induced damage in
Preferabhadéferiprond a$ edmsiistered on aphgsienlselgited | from dloc epupkifentravenously,
ts t.her reventlng t he synptons of
transde ah t&? Og#gkg(mﬁ¥§ﬁV?Fﬂ§ from m tochondri al
|ron |nduced damage in patients. In yet another
enbodi ment of the use of the invention the active
In yet pppfhegp@hpdimengetfetiepinysationy dherugs i max @ﬁher comprise deferiprone
S0 I t
admlmst@R}aﬁbfnl %gﬂéuﬁl%} ﬁélegt%& qp&n?Qh@ g?(ﬁllpl é%?rgrleag/ f transdermally, rectally,
(ndbgbneﬁhibanMBron1nltochondrlal i ron- |nduced danage in
patients. In yet another enbodi nent of the use of the
invention the active ingredient is deferiprone,
Preferabﬁﬁ(ﬁﬁéﬁﬁrhﬁ@ﬁ AmiRkRIQAg) cal Iy acceptabl e salts
hereof for treating Fri'edreich ataxia resulting from
n1tochondr|al i ron- |nduced damage in patients. In yet

in one o330 G FEPRMTRH: o€ s L HIETFuston dur dPa B rop modified release
fomula@hymm(mgg aatdinedasieaet abl e salts thereof for reducing

the synptons of Friedreich ataxia resulting from

m tochondrial iron-induced danage in patients. In

e etho t i nvention. . .

I amoth B B R e 30 gy e R aRfpmistered in
ad&ﬁond@ﬁ&kﬂ&gﬁﬁmmor physi ol ogi cal |y acceptable salts

t hereof with other excipients.

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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In yet another enbodi nent the invention the use may
further conprise an oral dosage form of deferiprone,

DET W@ ei0enasesgRTDONADY I ONVENTIONCCcept abl e sal PGT/CA2007/000252
thereof wth other excipients. I'n another enbodi nent
t he net hods of the i nvention may further conprise

Two crlg%{i/lls? ggnrcgnz? fl {Jg&n mgaaﬂldagr})[%lilg\%%e haFl egegt%? gf an iron

ogi cal'l'y accep le’s reo
chelatoriifl gbit@all &RigRf@iprome, i:0p&Qcutey, kotht erebfigenpat Fleélirelclh ﬁta)(ﬁt The first
anot her enbodi mrent of the invention the use
was whethgripraents wirheyteeneralized i verlead emidbrafady b ﬁdlarmﬁmed @pses of the
e p L.y e a
drug th hg(‘rﬂelg ff’egﬁgg tlg% Ifa S\!‘aﬁ ﬁfeéﬁlreesl nggﬁg f &E&H{ %va% oil(;W / ?(ffectlve was
deferiproig: tbh;@ecpﬁtalb'ﬁ’emoi/flnﬁﬁ@@lﬁd’iﬁlhabﬁfm}dlbﬂﬁlﬁt 1ntdnen j22120) Qd&tloﬁ evaluating
the jnventign may further conprise adm nistration of a
a cell sygtgmy, Utdﬁé".ﬁ(@é m§ss gpthd&eg}qnéf\@ﬁ%or@pctéd studies in animals.
physi ol ogi cal | y acceptabl e salt thereof substantially
in the range of up to 30 ng/kg to the patient.daily
Studies c6 bageCletationt inoNowdfer OperdorsledMenksyysi ol ogi cal | y
acceptabl e salt thereof substantially in the range of
up to 30 ng/kg to the patient. In another enbodi nment
As part Bh@ 14rBENQesy &f thehRtdnBYERkIcRD oT8n I HELRE!, WROMRIIaRA the toxicity of
adm nirstration of a daily dosage anount of deferiprone
deferiproe i nohyalimdgherckiyingd o8 mslke/days@Stmy/ ke tveiod daily) for 1 year.
substantially in the range of 20 ng/kg to | ess than 80
ng/ kg to the patient. In yet another enbodi nent of the
1.1. Objedtient i on the use may further conprise adm nistration
of a daily dosage anmobunt of deferiprone or a
physi ol ogi cal |y acceptable salt thereof substantially
I, t { e .
To detetir e "GHIPEy OF <SRy PHf o Sort FEP e, bt tolowine
twice daﬂamnair(ga;\ellge):ztcmdnfsrraxmd foe 59 nmmspcmfvelwﬁeka\aedl ousvajyate the regression
r.ansder mal | tal raII bucally, or aurally.
Ofm““?ﬂc§é“”§HB?$é4‘% Wéﬁ? SFP? ‘invention the use may
further conprise deferlprone adm ni stered in a manner
selected fromthe group of intravenously,
1.2. Methodasdermal |y, rectally, orally, bucally, or aurally.
Preferably deferiprone is admnistered orally. In one
enbodi nent of the nethods or uses of the invention the

Groups 08 agée 1ol Mldnsal@mvBRdfsi (@do B6le&89R1) 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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fornmul ation, including suggfjned rel ease. In another
enbodi nent of the nethods uses of the invention
waledogndeone i s adnministered in addition to otPEr/CA2007/000252
regi mnens. BRI EF DESCRI PTION OF THE FIGURES Figure 1 is
1.4. Resyits.MRI vi sual i sation of iron accunulation in dentate
nucl ei of patients with Friedreich ataxia Figure 2
represents a tinme course of mean R2* values in the

Clinical IsBhb i flnialsOére dRAIREA tHUEhRIistRtioRdF LERESroNe bl the IP route. There
Friedreich ataxia receiving deferiprone- Two critical _
were nq glefesipsoneartatade dfferis smahaingveaghd. deqst ovtele, t opbthalmology, cardiac
re ed_our .us f an, iron. chelator in neral, and
conduct B SR B L i BB b 0|8 B BEY sctodficRL
Friedreich ataxia. The first was whether patients

. mﬁthoutE%;neralized iron overload could safely be
Deferipragerivi stedicitplel 04REChfrorh . S wéet Hating ouiddfor ewoive? il dican peak
concentx%fi?ﬁg Ya?lrgleé) l‘ﬁsontx '2%SH)e§? J%?ﬁrﬂ; &30 o\ﬁ?§h‘?%\§’ \‘%J eﬁéljlx(yde oy\@rséatment,

eferiprone to specifically renove mtochondrial 1ron,
representiop ¢amséntiatioan that wietd absitt thade GimesVpdaltatimtgnteatioak | observed in

halasse e BT St e PG AR 5 NG Aty Serum half e

ranged fﬂ}ﬁb%tsi,?ibh%i}lﬁméga@@ Overl oaded Monkeys As part of a
[ arger study on the potential toxicity of iron

chel ators, we evaluated the toxicity of deferiprone in

nor mal nkeys receivi.ng 150 ng/ kg/ 75 ng/ kg.tw ce
No maciFeqis (PR SRl (o (el DER ok PRV N AP RRES fn non-
iron-load @Xh6&hieys 65uldBE afHRANS AN WitheRfdRRdRd cynonol gus

nonkeys following twice daily oral (gavage)

adm ni stration for 52 consecutive weeks, and to

eval.uate the regression of any toxic effect during a
15'(k"%¥ﬁ%%k treatment-free period. 1.2. Methods. G oups of
4 male and 4 femal e nonkeys (2 to 3 years old) were

. dosed by nasogastric intubation at (0.5% w v aqueous
Deferiprope giygy rel biyp denfigndausied enpanapusmontgyk gt tengke pvisadaily for 52

weeks V\Ia\é\’ivsﬁffloglagi%réf&%it 93ver§/¥i etfféc@' 8 hours between doses, for
at | 4 ays.

east

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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1.3. Mnitoring. d inical_§§gns, body wei ghts and food
i ntake were assessed at frequent intervals.
In Viw@pivrogd 7281k t0gh ohdiriak Db nCREHH M BT AH A4 tiEKRAMR AR | BCECAZN0/000252
carried out in Weks 17, 30, 43, 56 and 60.
Hemat ol ogy, coagul ation, clinical chem stry and urine

s o BESOUREP 30 TRARYCR Sl PESELLOR G ISR Ppion

electronf infistoscbpy @EMJ09if NgssuandfolidwWee kisonl Aoadiflg 56 000tmg/kg iron dose
: assessnment of the serum deferiprone time-concentration '
intraperiggally dwige sypeklynerr sy wigelss) pér rass @80-3A0 eglc lindntreatinent  with
; J i i t hol ogi cal i
deferipr ¢, TR BHARRTLE (AL e A0de o ML iBog (arver) and e
other withoindulohdidg butdno iRasetetsionC i ni cal signs in aninmals were
incidental to adm nistration of deferiprone by the IP
route. There were no deferiprone-related effects on
Defer‘ipr@f?@%ay\’ﬁ‘drﬂﬁﬁs’terg@ﬁ% ﬁl@l%@&f@@kl??(zhtﬂg%%a?gy F riﬁ@)di"ﬁé:ani als received
conduction, blood pressure, heart rate, and hematol ogy
89 dosesan 137 idags efdiPosg/kg daily, Deberl igovapee was det ect abl e
(HPLC) fromO0.5 h after dosing, and for up to 7 h.
Mean peak concentrations ranged from25 to 30 ntg/ n
Qualitativerauteldgithl EXiniaioMeeK tRedided s@incl @k TREE showed no degenerative
representing concentrations that were about three
changes i thediviseard besnceith iran ilandengo bilarugh dhdre wab allargs ecduanulation of iron
. . pat i ent reated with a.standard dose of 25 ng/ kg
lnﬂwlngﬁfgga{%%%gl §PW9QU§EPUHPHET&wF¥?g ranged from
0.35-2.39 h in individuals. No nmacroscopic findings
rel ated to deferiprone were found. No m croscopic
A large gqenpiutgion of clestion dense Srautedlikronriesial wasuhgernyed in the liver and heart

sections Y lifdnOYLRA xta%.efﬂl@ AbdRNatot & b6k n:—cpern?é1 frateliaP was less apparent in
Concl usi on. eriprone given orally to .

the hearnibian iin Ore-1hvead étheayow podiginsntnipotkpyding tch#fze gL digredvih @@icrophages
eks was without significant advers

il 52 e
(or Kupfift il g vl Tadh WMesernageetr thg Roripk tragty dipayensly had large
accumul8@MPbLird 8 A SO [)Fﬁfelrf:ﬁtd{%%ﬁdﬁé? 't?a{onhﬁﬁ%%g{ahggtg@ re was

patients with thal assem a. These data were unexpecte
irregularg v thweintermal | stinesiire | psesteablting himdgusine factentdngdment of affected

. feriprone could be safely given to primates.in the :
mitochofSiET EBF “yEREb S S Fin oB Asrsile Mite BN Hrdh or withou
vacuolatiddf Orweé i Often e o€fbibfalnot ihaveel ecopREged ofhatevaRly  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.



10

15

20

25

iron chelator in general, and deferiprone _ _
specifically, be attenpted in patients with Friedreich
wa@r@ziogs72& part of a |arger study conparing i rBeT/CA2007/000252
chel ators, we conducted histol ogic exanination and
Iron cogdeRCinmeioroF 4105t @Rdm (EMssed + SDSEURRrhMHel ®YWIg-NsON
loading (100 ny/kg iron dose intraperitoneally tw ce
week|l ﬁ?%‘? F oubiviRek s Kidpeyr gTyroiplg0- 280g g) | Sstetal
treatment wth defer|prone.| Two contr ol groMg&lof rats
were studied, one with no jfron | oading ("I\lauvee) and
Naivehe oEHERSw t A6 Dh | dadisAg Bidt1hg i¥6m5chelsation.
feri st egedhi t ky{dai |y
e e g L0 Er | By The By 1 S f Baervea’ a9 NesKg | n
Deferiptgrig |dzbps146f | 1.0W+hgB k g64Pail 0dy|, 4245y228r |al 0O6GaMAge 146449
Qualtative histotogrecal—examnati-on—of—the—-sli-des
stained with H&E showed no degenerative changes in the
liver and heart with iron | oadi ng, although there was
a large accunulation of ironin the liver, and a
The datd @ QR-ACE W irdh 10481 rebd1RA ih An ta@&nh.ﬁ%cfn‘ (&ft}rdrpiqlqge n1itochondria
accunul ati on of electron dense granule-like materia
of these grimatstymdrthas defeniptdne hias therabaityl toredude immdbadimgindfey organs.
iron-loaded rats. The accunul ati on of el ectron-dense
material was | ess apparent in the heart than in the
An integrhVeSmpdieat e ReSThRNintedhRAtloRasH Mgk ShANILSats, is the recently
occurred in macrophages (or Kupffer cells) in liver
publishedowpry of roagt of upHErbpelges nerfaining porntsdcetlylacton removal using
. I a l,at | of iron in the .
Muorescorc MERS RES PUOR BRI B0 diom Pl hE R nigrects of iron
chelators tarfumtescenceasdiy fof eelhtar astiohhin linin@rceid. BlobdC10056 063982-50). The
l.ting in fusion and enl arcgier,rent of affected

resu (

study Wi Al Bvalialy de aPRCRoUsclinigHe datpesant rere gbplaioat, esuch as
inrdHet | ' ; t, Vv as i I :

dfrn I ROt e 04 B L0 Y s o o

of key celbnefciyjaresscnmotatiph dgesropinges, dspathd yeeh, pivhgatipansoyresell lines); (b)

et...there was l.ittle evidence that the i
chelate tﬁsﬁ%bc%{ft &) Rﬁfé?%ﬁﬂaﬂﬁ%%etﬁ&@?&eﬁlammtaarw@ks; gk (Qprevent labile
iron invelydroglt a8 e @ehdth®GT dftr¥actiNe oidgapeitiéon of the cytopl asm

and organelles. The npst obvious accumulation in the
heart, observed randonmly, was seen in the mtochondria

e o BB B NP R SPITRS PBBEE  gt vi
relativel yrbighognidesytofactiheich (&g hephttidsteh), wivile defeeirok RAY dériprone readily

addition to.generalized jron
enter most cells and ettﬁmeg

ntly 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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overload, there was excess,dron in the mtochondria,
the latter condition relevant to Friedreich ataxia.

in tre WA D@7ATRNIAZENIAL IQUIheddRftRthDSIRS HRCIERTEst-THPET/CARINT/000252

B B A DO v

| evels in the |iver and heart and nost other organs as
these stufljes psqvidadetdie kay phrses of indwmaton sisueed fonvaemne Hie dbatacles related
] CL.O e ry ti * rpined by .
o the ofBLOH TTASE INRT Ao LRGSR, 8L BRI oy
would beeglithihBeréd) t@padiems nuitiatiriedreth htagi. | ThihehdifbIReNanpaly was
of these animals and that defepprone has the ability
conductedgis par) o€ E1¢i IpEHtiPBadi ng i n key organs An integra

conmponent to the meaningful interpretation of this

study in rats, is the recently published work of one
EFFECDf OF (@BBEERIPRONE peONai i TWXIA | ANTRCeCEREBELLAR IRON

removal using fluarescence probes (Gickstein et a
accuMUERTION TY ERIERRRICH AdrCpbiA P0Gy BB Y, ar get s of

iron chelators a fluorescence study of chelator action

in living cells Blood 2005, 106 3242-50) The study was
In this dffsicyriexicity pbes! 1Ht epenhgial; apachewedothat lorali deddriprone reduced iron

i port.ant iron chel ators,. suc s deferiprone )
concenryffBR oV REH, i o SRR B ¥ i BEGT obirrba of voune patient
with Friclg& €15 8tati@ ahMihAeetd the@hehoREiRAPIRIRh. key cel I's of

iron accunul at1 on (macrophages, hepatocytes, and

cardi omyocyte cell lines), (b) chelate the labile irgn

. [ nt_in discrete cell conpartnents/organelles, an

P“"e““%@ﬁﬁg?“%nt | abile iron invol venent in the generation

of reactive oxidant species The study reveal ed that

chel ati.on by desferpoxam ne is_slow, although enhanced )
Ten adolegpepts)(fayr \maf(% Haifenaloerged Hi gp 28 werd e acdiggnopisiof Faedreish ataxia,

i f i. f .

con i T Rt o st e A AR AR s FLERRE B ataxin gene.
were stutfigfl OPatientsr @cal ¢dulleferimbhe Fenfipror B Apocutniut.aTommtol nada) orally,
) above study on aninmal iron | oadi ng, conbined with )
in two dppadar {raHOBPS. A FEXBHIST 'eire ACuderisAseily, fopaminimum period
of two GARnGlsl BY QB& CRE:." BIRKE ehfd enp%asogtld% kP '?)}ykﬁyo-%&?snﬁ) enable

but also fromthe mtochondpa, Indic %lng hat
monitoridgfoé pgpome. ntheddbbecasif tavisityandd mhithseviddnee of bfficatyoinsany of the

..th suitable pro ties. of iron-bindin nd nmenfyr an
firs 3l Py BB Bob et raHlbbe Sibted % b fecofr a ool
duration R BMEHith f tHeRNwhRSH MsestedATREL (i Badytd b8t IRIRRond group of
These st udi es show that defepprone can renove iron

three patfqignvewd beiadmimeargd iadighter degsolfgoxieity develaped, the current dose would
be suspe\é}’%iénd;%{ﬁi tll}g ?@nﬁ[rg%hgeﬁg%ighﬁlh:es%le?{%gﬁ%y Szﬁluegtsta )éil(():\irvéxydosgnﬂqe 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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intracel lul ar organelle inz&lved i n Fpedreich ataxia,
suggest it mght not be togxic if it were used. these

scale WG 20dies2HIQY hekesket h@ diRhuBfaBSe, Kindtio QA RIS OPCT/CA2007/000252,
required to overcome The obstacles related to the

oculomatermdisrtersf Subseale d@ﬂrcmamummednmgu\@m ol saberranging from 0 to 100.

| def woul.d be
O T
performiifie, ﬂ&icht@%é\@:ﬂ&hb&d&ld%&l @W&&@E&ﬁ? WAlhclBlied Methe course of the
i nvention. EFFECT OF Rl PRONE ATAXI A AND

study. ThEREHRISpoRReS| th@]\abA(t:meampm PRNKDRE CHnATHANS As pAss1b1e into

s P STLE L 0 a1 P BR o 28 neo

hands, sé@ﬂﬂél@tdnattbgaﬂ}&r)/\mmhesiﬁﬁd/eﬁezﬁiﬁuﬁ&fé%duﬂ))aﬂﬂer&gmbrin‘l}éiﬁ%ator Patients
dentate nuclei of cerebella of young patients wt

were mapyipeedyfar EW“@P@%P@WWW@V%SM@MIWEmlmi aed ciak deﬁclency and

Ten..adol t
had we%ﬁ’nd't;léds%irxc Ee S éﬁgfggg ﬁ%{i&%sﬁeﬁl@ OWI ﬁ?agxsgeng ngg}c&ntratlon

measureofentsy asew¢l Bascis@traxita of enalfdndniedr fyicitet ection of a
trinucl eotide-repeat expansion in the first intron of
the frataxin gene, were studied. Patients received

MRI m&8hemdiene (Ferriprox”, Apotex Inc., Toronto, Canada)
orally, 1n tw doses for 1-5 nonths. Three patients

mere included sequentially, for a mninmm period of
s at each dose.,  Patient eproll ment was

Moltipl TR 5l P GRS (Sl B oy Ffgepirations in the brain

(WaldvogeSaansSRicrehtedt ifgh aPHE eftalf ndck Q)'ftp){tlelﬁ:p it Erfkdrich's ataxia. Ann
evi dence of efficacy in any of the first 3 patients, a

Neurol %%’Qé‘ﬁdl?-ér%upsmﬁ ad. iﬂéﬁn@ﬁttsutv(éiﬂ Medwal azﬂt@ded\damaultae W1, USA)
using ph%%a Or?e%d c8irl ﬁe ! Ot duc{tlfarteé Qvgqugﬁaglz?%g}/ 8§1f1§ 1{2{,] welghted echo-

sence I Ca

planar SGIEIGMT@T 3000 04, Ttﬂﬁﬁ@ﬁlspaght&meﬁlg@@ el bYeviad Al et e56%0 8 matrix
r dose. |If toxicity devel oped, the current "dose
and Sllcwﬁaﬂ’eﬁ% SR EEesahl iRk 4 Vpxil cpihinedhiahanh dghienclei was

positionéld &yﬁlqu Qﬁtsk&f&)sofacfeﬁﬁ d dﬁm& (ﬁﬂ‘feﬁsm;ﬁ]@ xpja)'i? c?rg ? \gt%{a acquisition

on i debenone ree doses
allowing ealslmctnwmﬂy@was pprfbnned by Iuﬂmg ussingiealick weilte gk@dpdnt-6¢ho sequence

he sane. dose for the duratlon of the
(TR: 400 8 b SR IR i e 8 Mo ISR i)
1, 2, 4 and 6 nmont hs. The protocol was pronoted by
Assi stance Publique- Hopitaux de Paris and approved by
The determgnation of R@E hiasalerfooned by ssnadatarod ghesmettiegradient bdho sequence. In

each plxl\Ettllle ngkals 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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Heal th Authority (AFSSAPSLEQnd at the Internationa
Prot ocol Registration System (ww.clinicaltrials.gov).
wa2mrioed7es | nf ormed consent was obt ai ned from Pelt/Canto3/000252
and parents. The International Cooperative Ataxia
StatisticgbanalypeScor e (1 CARS) was used to assess the synptons
of ataxia before and after 1-5 nonths (Cano et al.
International cooperative ataxia rating scale (I CARS):
At the bApprsedne,i R2'e vhlats &f U ésfetdht Fru@thiceivedie Sompavel adin¥by generalised
.. Disord 2005;20:1585-91). This_ , , ocul onotor _
estimating egatiep s(CEnadsle takdg dafo apcEoutinths dinltyidyial dovelst wiith| both the
cerebral Xtftfard 3hP'thY s eoggpgatggor%cgp 'cgéﬁjlrgigbss %f “ne*?i\cl\li1 anhagl% esq'ucture, MRI
Wor se at axi a. e Perdue Pegboard test, I'ch assesses
repeateds peedir@herperdver e eyerelednabat® ushieaeGEE atvdel with the time of
|ative dexterity, was included in the course of

mani pu . .
measurepgg! & gelgr. WK CSKRE daarekdion SrHeuEaRaY ¢qp the Vekyes from the same
individuﬂaiﬂdi\‘ﬁhﬁ’zﬁ%n%uti@&e&lgre%eigm&y ulab e ﬁ&e@@%%g}% GarlaBEQ of R2* in
preset holes, linearly dug in a oden board 1n a
the corrdsperidirgiregpacd inferesi. el (Ailganevdse vartibd bhieudinvgthh &S procedure

separ I d t.ogether). The tests were adm pi stered
from tneg B BBt T LSRR e bbee B AR RaBRUS It bp daieor 0.05 was
considerBE@YEAIGRAN BestAPERMM] QY HOSh8ltipUDEIHaASIR a8E3HinP 3 BR Bonferroni
and zinc deficiency and had weekly bl ood counts,
rule.  plasma iron, serumferritin and transferrin
concentration nmeasurenments, as well as assessnents of
renal and liver function. MR neasurenents
Results Mul ti pl e-gradi ent echo sequence was used to nonitor
the iron concentrations in the brain (Wal dvogel et al.
Increased iron in the dentate nucleus of patients with

i i ''g. (i A . 99: : - in
s o1 gk 9 0 Ghic308 4 80 W Pt
an initial USAE QfSSiOrtgg/rkg@Jsg ofidefzyiphaad! leofationdDe é@r whiraythist dase twhis@Bat CNS
concen 588 RTS8 B a2 L SR 212 an o
concentr@fionéi Within R4 nfifBchaii®l 2¢ch1ABE fek fe@diioShd %ntlmw‘éxkpé.s SThus higher
5mm 24 slices/1.1 min). A voxel englobing the Teft
doses mighy beinghessaruictb diavodie prawisite drvadchshiting effealr webin heatitahondria.

f.dentate nuclei (djnmensions 6.x,.3 x.2 cnB). ta.
HoweveE P SaPlfeBl HGHHT DR Bhotidnn o ICaE vt Relingy sueh as
thalassertigl (g t@ ©idnigh ©f Shi@&gablylelbntg caghRAting GAUFALRNGE! fiddRy led to
. 400 ns, flip angle: 50° to maximze gray matter .
termination H{Alrug adgpnigraionmt dayd? 1m the frst eatjent the. In addition, deferiprone

s LRI 65 000 ATCLBE R A 579 5 0 s o,
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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each pixel, the S|gnals Si gf the ten images obtai ned
at echo tines TE (-i = % ) were used to calculate
ataxicWQ B®TOTBRRK Rt B aﬂﬂoe%daﬁeh é%f ttH&aﬁéuaeaétrﬂﬁCAWOyg99252 "
according to the equation Si = So.exp ( Dl
Investig pingnw@003 Eeh; h2igE5-65). | ocal R2* val ues was calculated
with the sane spatial resolution | han the native
i mges. The nean value of R2* was calculated in
A re-evAl@tioaWs boBOhe @?evﬁfuslyn QERd datd AIndOGE AFbOBsh Betili&ort deferiprone
same experinental radiologist. For dentate nuclei,
was undgrpligntdnd o degisdrns was nderprageme theafridl at a ghater efitler ingtfal dose (20
C ent nucl eus visualized as a | ow signal area
IngkgkﬁgpﬂnewlT enetﬁ'he position of the region of interest was
selected in order to mnimze R2* variance. G rcul ar
... regions of 24m®? were drawn in the white matter of
Within aicebaretlss Uneriesisenasolpaistlermppvement wasdapipdtty the parents and
. [ Q entration is assu
unmfonﬂé’fﬁ{g%ths\?&n azl%t F%Elsd"iﬁ%ﬁ?tl d% Iﬂtlﬁg ?1 mlcofrfltmence and some SnEJeCtIVG signs
of peripheral aeurGpahy ﬂishppﬁareﬂnﬁhl ygesorths,t die withsal sigisabtoxY, other than
values jn the different structures were_conpared usin
minor aéivaféﬁe%faqcﬁss Sicle i Pt gL iU SKITSIiEEER idhodsre cplikimgtled and
hyperseﬁs'ﬂﬁv% %%H@tu thieh badie gbﬁﬁﬁgen!s%}lo%l St el 9194 9 f%el?%nd floor surface
cerebral structure an e side as categorica
again. [dicatei mbesmerfpranéavimipentbr dbxtetityut gy dandvRitinge pegbeakd typing,

hairdresGRE RO R el HLSRF LIS Y E0BrIY %PWO@%&W%%'I patients

(Table -A®RhMhEAL). WenStal YGLME BRlESD sitthr?g \@nbBS JHOBAE of transfers
sane individual. Individual “contributions were

(from begetogtyhesdichayi qrgom’c@ dlspvenmrevest Thh e/oqusaﬁéeye@fS) RAd longest treated

patients &E? pSOo4fs el%elgtﬂ%l Ve a(?s%l t%n ?1];% E eg%ftétaqj %ﬁal c lﬁzglzlilomsferms of

re-tarrie u3|ng
delicate @ﬁﬁ/ﬁﬁhektsj berﬁE,ystaHfh@taﬁH Iaﬁﬁoh@rﬂbl g@ggé@ﬁgg that efficacy mlght be higher in
(http://ww.R-project A p value < 0.05 wa
youngerggfigntael é*o“‘%ikﬁgn thatcthese. Obm%tsoweée die gst Blacdberetteet as they were
C ]
i LR SO LS008, BRIy IS BROLETFANL. Albdiment 1)
These feahated seyicided ubidehbtsges bhthefllCARS quatds @nting fle)shevaperiod of the trial.
included at an initial dose of 80 ng/kg/day of
deferiprone. The rationale for using this dose was
Based oh @ afphiRn€ RIOE %m({x?etlﬂyoart‘ theBW! dhsban®¥R8GTL s gQSspcﬁe chm(ﬁal efficacy,
substantially | ower "than serum concentrati ons and
two addgmekpatieatsi wers indlededrat tan¥) *rihigheh dosdr dfalefripreheb@0 mg/kg/day) and

the PerdGd B¢ gboard %est vke/gs 1%%1%36(11 N&ler t%tassesg] H2 1mpgc|1 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
13.7£0.6 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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doses m ght be necessary E%Pﬁave the requisite iron
chelating effect within the mtochondria. However,

This WO b03/09KISEh0rts NP AedOihet Braint ifdt adéaRR1dtdn RehA %MBCMMOWOOOZSZ "
heavy iron | oading, such as thal assem a, |ed to a

ataxia, ceuiFddeasingthe sadtsiinipllerapoded o Iﬁmdm;dtatmga Enodkayt siighls,
that finally led to term nation of drug adm nistration
at day 17 in the first patient (Pl). In addition,

Defenprdﬁaf @ﬂmﬁﬁﬂﬁﬁoﬂddi@rﬂﬁéinfl?tde@féa§é@l heSRERXAGoP Rtk gt (a?t%} one month
been treated for only 2 days at the same dose,

(16.6+1 6\@3 )’stl?"@pﬁ’é’éths Theds0 adverasd f@vremogths|qfcdruguadgnnlstaauogm@lgure -2).
Moreove!?eﬂéjgﬁ: te %ﬁgl%flcedbgt@e&eﬁ% tvx;ohc?o@e o? ﬁefngﬁﬁr%%le g%f?ed was gbserved

no nal eye novement's and

(20 and 60) Iﬂ%ﬂtgﬁd@ﬂ Efire-3). oMb WighefuanSRE ofandedl@eteedtiemad iirdpallidal nuclei,
ese events have never been reported in patients wth
thalami ?j%‘rféf%helI%re\ﬂhlrerlaﬁtt%\r%%lplafaamaaudhe adminpggonot the iron chelator had a
I [
s SIS 90 CRRENIER ADEUSERI RSNy il s
essentiallyeweshariged regxdledstof tiaf ddsbef defegprone @rabed aiachmearitay. a,
where no general iron overload is present. These
results seenmed to support the current thinking that
The firstl drR el At RrSSonRWyHipRRts DErReRaEH Giadla, hlﬂldl:l[gh &df %tcalﬂproved by
at axi a because of he inability to separate
any regullﬁt‘t)rddq@dmds jaaguirfong ﬁndymmqbcnwheT&edm)mmifaCisrémra, podend free-radical
soveneEGAUERL N0 BRSO R TR BB SHASEFIE R e o
cardlomfldﬂaﬂ@alhd%&ﬂrewlﬁ atedh el 9&11&11&%?%{ dg. D&ﬂ&§19%4fﬁ@) Long-term-
12: 235-45). A re-evaluation o
idebenongy mléﬁgﬂtwglé&@?‘éﬁsé?@rdﬂ@ﬂwmﬁw bh‘eh&;’n fslyb@‘skiOt lmmo‘kq oretvien stabilize
I er a [
e cout, AELSLARGRF ARG E00 Raf o BB U8, TR B
improve(m20t ingthk géhﬂhya)mg ICNevequalat effitise d1Watsé1lrﬁa}an(5t€(W Mﬁﬁk%eneﬁt for the

t he
pans Y 55BCL S, NV Lo col | proyerent v, 10k B M

CNS syr’ﬁﬁt‘bh%%a thCARR L REL §QR rdv‘i‘(feﬁ bPENG ﬂ?&‘%lﬁ?ﬁﬁ relevant ﬁdqdmgs of

ubj ective signs of erl her a neur pat hy di sappeare
others dqmor;str@teﬁmghlhpemmlablemra}hy)aﬂtsoﬁ)egns)n@he]m)xs (plattl)culadyhlefenprone are
er.se fects such as

likely toi\)fazfi, %Rg?vlv?r f10 amelo éltu&% syWB}()[n}s m relch atax1a

hypersenS|t|ve warmed up with the reported sensation
_of feeling one's feet and fl oor surface again.
Referringdq Figeel a@(@ﬁéh@\gn am Mqua‘m?lpi@}BaétOﬂl\pé lmmennmlytlc(remglentate nuclei

of patletﬁéalgﬂ”ljrfeh h %9 grag‘ry 11 a Igaolf rﬂr* € fossa, derived
SRR ) e fhPodeiy

e- up, eec cy Wer'

from thei mnlnegtaﬁemmcs@y@ualhcepﬁ)hb ant.s Tedlahd showAl DrRaRREMIcel Wvith high R2*
CGener a stren th, quality of sitting, standing and
values (mgasurg yl the ¢l aﬁgg%gagn 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.

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).
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patients.

At the time of undertaking these studies, teaching in the field indicated that currently available
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-Joading.” (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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As many changes can be made to the invention without departing from the scope of the
invention, 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; loav Cabantchik.
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acceptabl e salts thereof to eferentially reduce or
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iron fromtheSe conpartnents to mt
brain andéir|tal raitigate tlhntqekiclat lou ligtracail s @ madhiandjingf of irom ih nhdé bﬁam for the

osition of claim1 wherein the
pﬁﬂenhgﬁﬂ%VW?Hﬁuﬁﬁf 4 P%Feated is Friedreich ataxia. 3. A
therapeutically effective anmount of deferiprone or

def erasirox or physiologically acceptable salts

thereof to preferentially reduce or render inactive

res in rain and/of to m
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brain anééorot@ftewa%éﬁer@ﬁ SHulghgsiigrasgilwar mjshapdling: abiren dathe brain for the
tﬂmnnmﬁggﬁgghuhgapgﬁgﬁ%ent|aIIy reduce or render inactive
he toxic Iron stores in the brain and/or to mtigate
the cellular or intracellular mshandling of iron in
the brain for the

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.



treatment of iron-induced damage. 5. The conposition
of claim3 or 4 wherein pﬁg condition being treated is
waoeooedyoeeh ataxia. 6. A therapeutically effecP@weA2007/000252
anmount of deferiprone or deferasirox or
physiologically acceptable salts thereof to
efere Y& ren vV,
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manufactlitd SR WHAEhh@utitd] Gor-preebaci ogl oﬁ@lﬂiﬂﬂ@ms éf Fedreich ataxia.
therapeutically effective anmount of deferiprone or
def erasi rox or physiologically acceptable salts
ner eof r Y -
0. HMELEOLr haRERLELEL LAYy hEMIRRIARNAELANREhIMercof in the
manufactufe@t apHatmadeutitdl dahesnadnémlof Friedreichdused damage. 8. The
use of deferiprone or deferasirox or physiologically
acceptable salts thereof in the manufacture of a
f \Y, . .
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induced daﬁ@easompmiog anﬂmysstethr@tocmleIpﬁtlaﬁ@eﬂleaipbmlcaﬁyteﬁfective amount of
deferlproppgr ef%ﬂlfor;(o%rh YSIO ugféga@tp{ua.rgtgeéﬁz{bég seﬁhaﬁ%gﬂé %ﬂelbtfto treat Friedreich
ataxia reb 1€ &9 ikl BHRGE L FoRliANIcRd BimBRL | ents resul ting from

m tochondri al ironinduced damage, conpri sing
adm nistering to the patlent a therapeutlcally
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resultingt fr@@t mftb¢RARAICRoRINA¥ER dBBAHel b&gpﬁflfi@aﬂinﬁrﬁghﬂx@ Ed ﬂie patient a
i ron-i nduced danmage. 11. A nethod of preventin
therapeutjealley] Gpetive a@lpugty%fp@fﬁ@r@me mefesapirer pélfyaseloalqaﬁy acceptable salts
l ial iron-induced
thereOng%me%mo %rfese%lﬂ iljnﬁt% &%%%%%ﬁ?gag{g{o the patient a
therapeutlcally effectlve anmount of deferiprone,
def erasirox or physiologically acceptable salts
t hereof sufficient to prevent synptons of Friedreich

12. at k1o théat Fﬁgﬁre%ﬁ%tatx?a ol Bt ehil ﬂe@tﬂﬁﬁé %n%ﬁ&lﬁmﬂﬁaﬁron-mduced

patient resulting frommtochondrial iron-induced
damage, damagesmg ommmstanglgadmthﬁ spatiehing ttberamtlpelty etfectave amount of
eutlcall effect

deferlpr%f g?fgglﬁllr% OI(‘)P hci)%g,lgql gch We 5%1836%1? f gufg 81|e{r{t§fo treat Friedreich

ataxia. thereof sufficient to treat Friedreich ataxia. 13. For
use to prevent the devel opnent of synptons of
Friedreich ataxia in a patient

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.
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reat
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An effective therapeutic anount of deferiprone,
def erasirox or physiologically acceptable salts
t hereof for the prevention of the devel opment of
synptons in Friedreich ataxia resulting from
17 nﬂhoeffm‘tﬂ/lei dlerdpeatie i ambmne dofd aiﬂﬁzgl@rorﬁuf(feifﬁhﬂm oo pH}S&HOgically
Xi a. effe i ve therapeutic anmpunt
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1nduced%‘§ﬁ:1§§ & abfRical tt?ezﬁ heL&etL hkiat he treatnent of
Friedreich ataxia resulting from nitochondria
i roni nduced damage, sufficient to treat Frledreich

at axi d of nt i on, of tons
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a therapeuticall ective amount of deferiprone or a
deferiproyysy F 6t 0l Y%lpglyalﬁfc@@f@p@bleesaéhlthewqfeﬁé’@me@ufof prsivent symaptoms of
Fnahma{gxggt synptons of Friedreich ataxia. 19. A nethod of
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adm nistration of a therapeutically effective anount

of deferiprone or a physiologically acceptable salt
19. tﬂ%@tﬂf)d %Ftr@étﬁieﬁm)f Fﬁe(faéig@tatag{a' el rézﬁ'ﬂﬁlt rﬁfﬂ) ndffal J(Ql-mduced

use of deferiprone or deferasirox | act ur
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a therapeutically effective anount of deferiprone or
def erasirox or physiologically acceptable salts
20. t'hbe eie¢ of udefariprenst ox defsrasirentin tthe mimuéicopermita pharmaceutical for

preventlgx %?gyrﬁgto%fs ol%wngﬁirrélec'hcal?ax% rae)s(ul?mg from mitochondrial iron-induced damage,

comprising the administration of a therapeutically effective amount of deferiprone or deferasirox

or physiologically acceptable salts thereof sufficient to prevent 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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salt thergoff gneridemta cediicd gheetgeic imorsparessinibe mdashvindtiari ng to the
patient a therapeutically effective anount of
deferiprone, or a physiologically acceptable salt
thereof in order to reduce the toxic iron stores in
the mtochondria. 23. The use of deferiprone for the
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the toxiq iFsteiepindlc MitoghndgiRt ochondri a. 24. A therapeutical |y

effective anount of deferiprone or physiologically

acceptable salt thereof for the prevention of

i ron-i nduced neuro-degenerative disease resulting from

1 tochondrial jron-induced d e, conprisin
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conprising an effective anount of deferiprone or a
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o o Ly c o .
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. conprising an oral dosage form of" deferiprone,
mitochogdfier asi rox or physiol ogically acceptable salts
thereof with other

26. The method of claims 10, 11, 18, or 19 further comprising an oral dosage form of

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

27. The use of claims 8, 9, 12, 13, 14, 15, 20, 21, 22, or 23 further comprising an oral
dosage form of deferiprone, deferasirox or physiologically acceptable salts thereof with other

excipients.



exci pients. 28. The nmethod of claim 26 further
conprising daily admnistration to the patient of an
waaewanes7ed§ def eri prone or aﬂ)‘nysi ol ogi cal | y aceepCakiog000252
salt thereof substantially in the range of up to 80
28. bk grethed of Thamuate fiothee Icamprigiig fdarly hemidstrpionstb rthe patient of an

dail.y.adm nistration to the tient of_ ap anmpunt of
amount GIGHENTLE G FolsRpel pedhils 1 desepiAbyenalyen the range of up
to 80 mg/ker eof substantially in the range of up to 80 ng/kg.

30. The nethod of claim26 further conprising

adm nistration of a daily dosage anount of deferiprone

a physj ol agical ly acceptable salt thereo )

2. D8Nkl i foRERgRs 3Rt s piotswo iRy pesion af an amount
of deferipine@fita- ph3diolobilly8ceptabd iliMhéof SUbsMARTaIGOMNE $4dpE of up to 80
admnistration of a daily dosage anount of deferiprone

mg/kg. or a physiol ogical |y acceptabl e salt thereof
substantially in the range of up to 30 ng/kg to the
patient. 32. The nethod of claim 26 further conprising
30. et mithbd af tlain 06 fatidaicbyipdgsggéman®tafibn of a defl LabREOBRount of
. or a physiologically acceptable salt thereof
deferipraiigndl hRbYSIPlpgiCally pesapipblsgalt dhersol spstegtially inehs remgsoBap to 30
mg/kg tIBEKGid@ the patient. 33. The use of claim 27 further
conprising adm nistration of a daily dosage anount of
deferi prone or a physiologically acceptable salt
t.her eof bstaptially in the range of 20 ng/kg to | ess
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deferiprode; orld phyfolo@tallOa &tﬁ@l‘erbagetfl&%bipﬁﬁ)@ﬁnﬁﬁlrfgm%'rﬁlﬁé?{ gfjup to 30
in a manner Sel écted fromthe group of Intraveno Y,
mg/kg tq thgpaiitnal |y, rectally, orally, bucally, or aurally.
35. The use of clains 8, 9, 12, 13, 14,. 15, 20, 21,
22, or 23 wherein deferiprone is admnistered in a
32. MERN@eths€ beclhel 26 F@fhct BEmPHi AHP a@hinidatiay 8N WSY dosage amount of
. transdermally, rectally, orally, bucally, or auraIFy.
deferiprogys orprphypiglagisallp peeeptabln Bl thareofenuhstantfallyiip thsengesof 20 mg/kg to
less thanBTh RS & i I1y. 37. The use of claim 35 wherein
e arldefeg?(grongq)iag&gdmnistered oral ly.38. The method of
clai m 34 wherein the dosage formis a nodified rel ease

ﬂﬂrnulat'

n, . . .. .
33. e use o 8&1[11 27 further comprising 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.

34, The method of claims 10, 11, 18, or 19 wherein deferiprone is administered in a manner

selected from the group of intravenously, transdermally, rectally, orally, bucally, or aurally.

35. The use of claims 8, 9, 12, 13, 14,. 15, 20, 21, 22, or 23 wherein deferiprone is
administered in a manner selected from the group of intravenously, transdermally, rectally,
orally, bucally, or aurally.

36. The method of claim 34 wherein deferiprone is administered orally.

37. The use of claim 35 wherein deferiprone is administered orally.



i ncludi ng sustained release. 39. The use of claim35
wherein the dosage formis;a nodified rel ease

wo eoomdses on, i ncl udi ng sustai ned rel ease. 40. PA€A2007/000252
met hod of claim 34 wherein deferiprone is adm nistered
in addition to other reginens. 4 1. The use of claim

38. 3phahRiRUL rAefiRl 3 PWAREA ﬁlea&&héﬁ el 8% hdaadd! Lol fo?mulation,

. _other reginens.
including sustained release.

39. The use of claim 35 wherein the dosage form is a modified release formulation,

including sustained release.

40. The method of claim 34 wherein deferiprone is administered in addition to other

regimens.

41. The use of claim 35 wherein deferiprone is administered in addition to other regimens.



