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TREATMENT OF OPTIC NEURITI'S FI ELD OF THE | NVENTI ON
This invention is in the field of nedicine and
W@o0cmessl t he treatnent of optic neuritis. MorBCT/EP2006/065830
specifically, it relates to the use of IFN-beta in
treatnment reginens and for the manufacture of a
nmedi canent for the treatnent of patients having optic
neuritis, such as for exanple isolated denyelinating
neuritis. BACKCREHGMENT UF OPHMENEGRITIPLI C neuritis
IS a conmobn cause of visual T0sSs 1 n young adults and
is also often the first manifestation of nultiple
FI8D eFosisinVENTIe] been found that about 75% of
pattents presentiing with optic neuritis progress to
clinically definite nultiple sclerosis (CDM5) within

ThisSinY&RbS -is i -Flht%e‘?i%m 6 BRLIRGIapl ToRBnd MHéStrdfmbREf d tlétneurltls
to consider a diagnosis of nmultiple sclerosis.

Mospn spagiiicaftyret (ﬁ'@lte%uﬂ Senvisnef '(’I_l’\’s*éeﬁ%é” ERaIMERt &9ipees B?d for the

méﬁ?&%tuﬁ@@%' rhEdBEd rRht %}dthb @RBtmeht F EQﬂlén&§ RAind bRROKLKIBE such
of M5 patients initially present with optic neuritis

as (ergrampifi igdiated demyelingiied Po¥idsby optic nerve damage.
Cinical studies, particularly fromthe Optic Neuritis
St udy G ou ONTT), have hel ped clarify the natural
BA N id | optic neuritis. These studies
have shown that, conpared with oral prednisol one or
pl acebo, treatnent with intravenous nethyl prednisol one
o;(tubWE’r)tusnea ¢bimBnonltal®y 6f Vidipl Ids$ BoRVIRG Yddifs andsé al8o bftén the

B N R
prais@gmg \DitH @mlgmfeun r@dtaérs ?Rﬂ]hl@@l@’l definite mamplbtstsl)arosus CDMS)
uen eve 0 cllnic n e
Wity BT ThE Sb R e maf s fisf € donsgi f Hrpadisor
multippaécdstosist h | VMP. However, there was no difference in
the incidence of cIinicaIIy definite nmultiple

sclerosis (CDVB) at 3 years when treated patients were
conpared with the placebo group. Thus, there remains a

eed to | ove . the current protocols for t
M R B O BB Al sEhte i s e oY e femyelination and
losst Al@igﬂﬁlcm\p@OmQﬁWpéthﬁts?Sl&aqupreéﬁnewme bot- keitifs (ON),
context of optic neuritis. or the
WG PR A N PYE (o CAreas- At SHies pediecipal Mamtas
OrtioNetlifigsiaay CyouhaONTITY ehave helppd elaffylths AStLUR] history and

treatment of optic neuritis. These studies have shown that, compared with oral

prednisolone or placebo, treatment with intravenous methylprednisolone (IVMP) results
in more rapid recovery of vision but without long term difference in visual acuity (see
e.g Current Opin Neurol. 1995 Feb;8(1):72-6 for a description of the ONTT protocol and
results). Subsequent development of clinically definite multiple sclerosis was delayed
for up to 2 years in patients treated with IVMP. However, there was no difference in the
incidence of clinically definite multiple sclerosis (CDMS) at 3 years when treated

patients were compared with the placebo group.

Thus, there remains a need to improve the current protocols for the treatment of optic

neuritis.
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For exanple, Balcer and Gal etta, Sem n Opht hal nol .

2002 Mar; 17(1):4-10, suggest the treatnent of
walesogebiopnt i ng optic neuritis in patients at hPQhEP208&065830

for developing clinically definite nultiple sclerosis

(CDMS) wi th nethyl predinisolone i.v. (I1VWMP) foll owed

by prednisone po and ifn-beta la at 30 m crogram (nmeg)

i.m 1x weekly or 22ntg s.c. 1x weekly. The CHAMPS

study explored early use of ifn-beta at 30ntg i.m

weekly to reduce the rate of conversion to CODMS after
Adaltlaasél diihicall stadieevand ?]lhg@est"e'dske n8é ioemté‘rfer(ﬁr{VEétaquiN-Béthﬁih the

S ons angd ' hi ris o

cortext daordaeuits 3y haofeaimnant 5ios8 Yok ity evastip gk gatents' or

cnmmy%% wBlitisly sel¥ekier ed early use of ifn-beta at

MBS EBPIe, e 1] PBL SRRl e ST TeB

sufgeat th%ﬁteahﬁérmtbﬂdé’rﬁyéhﬁéllr@’liptle thedritlsdf patishtoatehigH risdToc h

ey fapitd Pl oSy M S | AT IR e paimiSoiSie v,

(IVMFB ad| ivevat] b@fprmisme pewht tfh betes1 atl I0ymisaigrasit andg)nivh. 1x weekly
Agcor di n‘g(e\x is an object of the present invention

or g agid |n'proved treatment of optic neuritis.
suwmmm%uuw&bmﬁmesemmmta atmoern:gn @n weekly to

0 new and, a t age r lrea
ol i Ble F v SoR S PR ol Tient € TS MR
cn%ﬁﬁ’y:ej Tmbtsiohg) anat'high risiupatiehs' ((>D@§]}Ies@'vhn3 >trgiabiolthium pos.

conprlses the sequential or simultaneous
cTr)n ni stration of an i nmunosuppressive conmpound, such
as 8imsitagly dthel ETOMBOstody exaiated barilyndiser df éfn detaoat22mer Gt meekly
It is,found.that ea resswetr gat ment i th.
o {d o3t P er it 10l RaHERT ax eI RHERIYL P beianisn
(pategt mas4 Thiesivas bo8l leaoe bdée bHwhioh ae infraveditdriabor gaglolinium

rt| cularly suitable and beneficial for treatnent of
pOE ¥89)ent s having early-stage ON. In particul ar,

early-stage ON that will benefit from being treated
None @bt aigrenty bivelapleeentegimerentor dre treeymenti dfloptieneuritia is fully

cal stage when.tre detectabl e. anl y
safeerrabRur G el ahistl FEhE Siroen Bt Bt BelieRslese e
tre@imentbf oNIZERGLIEN The present invention is based on

clinical trial data showing that |IFN-beta has a
beneficial effect in patients with manifestations of

sURMIARY Q¥ 72 RREGTiBN ar early DON. It

The present invention provides a new and advantageous method for treating patients
having ON, in particular patients having demyelinating optic neuritis (DON). The method
comprises the sequential or simultaneous administration of an immunosuppressive
compound, such as a steroid compound, and an interferon-beta protein. It is found that
early, aggressive treatment with IFN-b is beneficial in the context of such a treatment
regimen. The method according to the invention is particularly suitable and beneficial
for treatment of patients having early-stage ON. In particular, early-stage ON that will
benefit from being treated according to the present invention may still be in a subclinical

stage when treated, i.e detectable only with the help of diagnostic tools.
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was found that early DON is associated with structura
changes related to axonal loss in the optical nerve.
wab@sm®br uctural alterations could be identifPeDEP2V6/065830
quantified by serial optical coherence tonography
(sOCT) analysis neasuring the retinal nerve fiber
| ayer (RNFL) thickness. As axon degeneration during ON
and MS di sease progression results in decreased RNFL
density (thickness) over tinme, OCT can be used in ON
and M5 to assess the afferent visual systemfor axona
DETAIED PESERIBTIONDIG THEJNMENEIQN, treatment. It was
surprisingly found in the present invention that the

Th@baﬁswdnm:nllw |§tbaf§@d @E\ag@&;‘él trinl @Nta %H@\Mh@&?éthmbétﬁ has a

ni ca una ecte e ents can e

Dep B ot PR TS A B TR e B e S B tiggtareany TON. 1t

wa@a@n%rw,thiatggaﬂgzm)tr\%@ ds&@cﬁétwmt? Nr&&lur’aﬁl“ﬂrahgé@rdla{led totaxogal I(()jss in
coO I natl on an eat nen or di O Stan

tn. PRS2 TR 51 icL Sl Bl entHb ey P ade Bod. UBnTht by

seﬁ@m@ocmlcéaherbﬁ@d Mdg@pﬁyQﬁmv)aén@Vstggme?%Mia@ tiasreltif® faNETfiber
r . CcCcor n N O specC esent

ayBh RTE D hiohTeeer A e dese R aien oo v MBS FaERas progression

reslmgiumge@@ésw RINGFELT édrissty (tﬂ&knes@pawritmimg)mh@rswu&u ma:bN and
trati.on of steroid co

S,y 5T S8 T BT e Sy P aRieT s el SR8 Tesponse to
trebl’mﬁe?ﬁfer on-beta protein is adm nistered at a
RGeS MRE i oRap e IPEeahspysd cary-stage changes
in daMsath aattidsg iophd clintaly iuhaftectddye ofl DOR ;faﬁbmbedSan be halted,
re e ment the patient treate
R AT BB N el B HeUE o R M ER R o 12 i
Comﬁmeﬁd(?l{ Wil ea!dr\ytrelafﬂefni é@ogmlﬁg nigrﬁt@nc&ﬁ{ &éagsieﬁt rotak h@)sibased on
._The may, in_a prefer e i ment, an i e
e RoRRH o RO PalE B e PG P vtk oy O Foloco!
i solated syndronme [CIS]"). The patient presenting wth
b t]y devel .. Thus. i
ACENEE DCRE SSPER e WSS e IRV OFS 2 IR " GiRing
pap@?}hamu@ apnd:’cwrlﬁX](;ﬂ_)NhBMnd h&ir&ﬁmeeé@t@dalmrfshnmyeo%s
nf | anmat or i sorder, . o ssoci at ed
aclihis P00 6 GroATP B AT XLtk £ RSB e o BT rRE Tt P
inteiferbh-aetagdroteln iChEmihissered et 4 cumalatideséaklypdastiof tloge than 12
Mlgje( B %ré&?f\#&gg%l nrgewgm%agg%lca{“%%rrg%iﬁét%%ro%hc ﬁ’g&rﬁis?ﬁof\n?.r
I eukoenz:eph:al opathy (PM.), acute dissem nated
hal litis,. (Al th ted di
n §REFRT B erbitan g nlep bl i M i AERTERe 10 B
presegt imesgntias doeghatdhave clirdieallp defirdtatmultiple sclerosis (CDMS). The ON
may, in a preferred embodiment, be an isolated manifestation (isolated optic neuritis,
"clinically isolated syndrome [CIS]"). The patient presenting with ON may or may not

subsequently develop CDMS.

Thus, in the context of the present invention, the ON, and in particular the DON, may
be associated with any inflammatory CNS disorder, or may not be associated with a

generalised inflammatory CNS disorder. The term “inflammatory CNS disorder” includes
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invention is not at a high risk of devel oping

clinically definite nmultiple sclerosis (CDMS), for
wezampb®ns defined according to MRl criteria. PEDEP2006/065830

exanple, in a preferred enbbdi nent the patient treated

with a regimen according to the present invention does

not have 3 or nore white matter |esions above 3mMmin

di aneter, and preferably does not have 2 or nore white

in MRkcBEr Ideﬁﬂy@mm.ﬁ@W%n;’nﬁmbﬂyncﬂsmraérs NREE aBIi6f 8kARbIY¥, MS,

the patient does not have any mhlte matter | esion
pr%%ﬁﬁé’%nn'?‘P'HfOSP'ané?@?oe”WPhé'OBP%‘Ver HBYL&mb Rfuifent dipsraminated
enBédhaftyelitisQADEN ) Wr bthefrdiA8H ABBasgcOr ding to the
present |nvent|on has a risk of developing clinically
definite multiple sclerosis (CDM5) that is equal or

In B%lré-’!évr@(pemg&jlmgﬁ thézﬂat%%t tr@éte@Wﬂﬁ a468kmah a@@or%ﬂéﬁ@th@fﬁr@ient
the first qgoms of I n a anot her enbod

'”VPHEDrb'éﬂ"Pb?ﬁa highadier] C\‘Rk"?'ﬂp'ﬁg P'ébqal'%Hefﬁkht@ﬂ%tf%s‘%'?f"?'ﬁ@[)'\"s

for@xﬁf-ﬁ?létasl dé\f'ﬁéld h&Jdrdi toaVIR OoMtérias KoP&@hiple if ®breferred
devel oping clinically definite nultiple sclerosis

mbepivist heatie tertedydin 2rR0IMEN sreeidinghig/thg Piseeidpestion does

no’z/\hat\,lé PeHrhEreitne nefRRsioNS BBEVEIAS Biamedd da%fd%ﬁeféﬁ’éw does
di agnosed first with ON and/ or_ shows an absence of

NoLBAVR 3 9f PRE VAYtE Ratiehleaipas apoyeimn ¢ Hametardieremasieraplydhe

pafiéitidesd ndtlHRaé afy Whitdmatté€1esiom BbeMidimgiaineter he
present invention may have a high risk for axonal |o0ss

and/ or retinal ganglion |oss when first presenting

In WipkeTerkdd erﬁbmhbmnhe F@ﬂénnlgea"te@wm afrégi}ﬁe? Qbccrding & the@sssent
I on, | 0SS firs res

_and/ or retln \g%g ti 9

INVENHGN ag gk G'P Ainep iy feftyte Arulipifosdfgess HgtMs)thatis

eqLaNT @\él@wl 30, ¥8 26204 Runertdven 20% Aubseais. after Hebirstidihgnosis of
t her apy within 3-4 weeks, and/or may show si gns of

thg fng axons, such as a reduction in RNFL thickness of

In atanbmarsémw@mé&%e a&%qofreawmtﬁa%g’;.mea\aeé@mag aStheRyed2t
neasur e ch as for rlah opt|ca

u
mvgap]cg}téa&aelo%/d%&oég% r@@%ﬂng plcg a |p (=gm|u iplg sclerosis
CDMSQbédtfmlsé%he( S8t is ﬁwlelt Srel/ ohr€sentd wﬂtkSochldﬁéchd@O/ A, t hat

ents sho xona or
neRiprbSqr SHdsoF Rso ahaisen S i LS e o oh “BRETheye!
palhanid sffesteeineyeei ng treated with a regimen according to
the present invention. Such axonal |oss may be

measured by invasive ornoninvasive techni ques before
treat

n NUNOSuppr. essi ye
in drogber anbme e ORI ToRe b APG RO APHTAGH Yo presen
invehticn fabp A&V high ek foam@&il Ids® ARd/aF RtiNEFANGIRA.loss when first

presenting with ON. A patient having a high risk for axonal loss and/or retinal ganglion
loss when first presenting with ON may for example be patient who does not improve in
visual function to pulse i.v. steroid therapy within 3-4 weeks, and/or may show signs of
losing axons, such as a reduction in RNFL thickness of at least 5%, 10%, 20% or even
30% in average as may be measured by OCT, such as for example serial optical
coherence tomography (sOCT), or scanning laser polarimetry (SLP). Furthermore, it is
understood that patients showing axonal loss of more than 5% or even more that 10%
or 15% when first presenting with ON may benefit when being treated with a regimen

according to the present invention. Such axonal loss may be measured by invasive or
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The term"nultiple sclerosis” within the neaning of

the present invention may be defined as in the DSM IV
webassefoprati on (D agnosis and Statistical Maneed/ER£006/065830

I nflammat ory CNS Di sorders,5 Fourth Edition, American

Psychi atric Association, Washington D.C., 1994). In a

further preferred enbodinent the DONis clinically

mani fest in only one optical nerve. By "clinically

noﬁﬁ{ﬂéécl\%stbchrh(ﬁue'sfbef@@[ﬂﬁ aftd %tlaﬁltrﬁéﬂﬁeﬂf‘&nﬂh %ﬂ@{oshﬁ&&snﬁq@rugs
mpt om such as an i npairment of ¥SI ol ogi cal
J

S“Eﬁ @%\ﬂe!’qﬂ?cf’ rederably mopiRyzsvere Vh‘ﬁ)'i"%‘é?‘”é‘ﬂﬁ A EXPRA 3PS Bar e

mdaBu@d. @ reduction in his clear-sightedness), or in
whi ch t he physi ol ogi cal organ function is reduced in
an amount whi ch can be functionally ascertained.

ThB"?é/rﬁ‘l %Lﬂﬁil&ﬁiler%lgafﬂthfri«ltﬂéﬁ'rhéélﬂmtgrbﬂhe"@%s&@ .r@s,ﬁtwntraaws@
he Opt cal nerve includes for exanp

devneélﬁa? In %ZP?V' 'Védﬂ%'rf"é@tonéQﬁ@f‘?ﬁi'%?ft‘%ﬁta&%}lcalrM%’“@' 8?1 and
Inflafn 2Y9' NY Ddrlerd, iF8Ligh ELo® Pen&TERR s fdittric ASRchb, S

not cllnlcally mani fest in the patient to be treat ed.
WP dRG-s1996t clinically manifest, the patient will

not have a reduced cl ear- S|ghtedness however, a

pathologlcal process, such as for exanpl e axon | o0ss,

In fiyrthee Prdersdh e hasimer te PONKE einifaly ABaHes ineitnergsoptical

neBACBy &ﬁmf:@lly RXaRl & intantShita pdteHBhdsyat RE8K&TE symptom, such
potential s VEPE%‘H?% attern el ectroreti nogr am

as,agdrgp@[rﬂgg of f R | oEgARdUnGHaRt Of WV NP he S‘Slﬁecﬁ'ég'y

awlafeC@L £ & rage@ibalings bl@aﬁ&]@htédﬁé@@} PR aéh e %ﬂ%@@@@allo&)an
RNFL t hi ckness of no nore t

funggomnisedyara i 3% amognt "H}‘CW‘?”rﬁecfPBﬂ'oi”ﬁ”ya’-tsc%gig?d 5’%3'8%8'03'

orgtin fuR@iof M5l imaYfbet dseattdIrel witH Regariob iy o;ﬂl@‘ambrvmmt:ludémr
%gtl ent to be treated accordi nt\;/ to the invention_th

Pleeiiualeryity CBREast SERSIHVHY QI VisIanAnA s evsts Ysua! B%Jgt
10 or 5 micron in at |east one eye. In one enbodi nent
of the present invention the| terf bet a pr ot ei
In e empedingt eyl ot ciniaal mantpstin e grtietdapp eated Where
ONNQTRE Bl{ridallp makedyt fthé patidnbwaint hgve @fdmodedraaér-sijﬁtétﬁmess
esent jnvention the i terferon [%eta rot ei

hoﬁﬁi’e‘ér? B?VBH'OB@?'aW&‘E?SSs%’& ag dorrexpmg SEeT“ﬁ\‘ B? Gﬁ?err‘)a'”ed
by lsDitdbs ﬂlbgrﬁosﬁﬁ’ﬁﬂa(thddiﬁ ndushabk fdirhﬁammée(n(CT OSLH, BB ually evoked

erf te|n is a ed interferon-beta
polsiTIe (VRS gt etk 52 Bwat'%%qr?fﬁgpg%ﬁﬁcmd&gﬁer on-bet a.
In part| cuI ar, theI | ong- act i nfq i nterferon-beta may be
In F?ﬁt@%ez? %@%pgptﬁ%ﬁgﬁatrﬁgq I(?]nttrertgtf é?(%n%c? nggiﬁ)’othe invention has a
detrabed ineRNFL- thkAedstof hu Sndava tHah@oahiaton, preferably no more than 25,

20, or 15 micron in at least one eye at the onset of treatment.

In another embodiment, the patient to be treated according to the invention the patient

has a decrease in RNFL thickness of at least 10 or 5 micron in at least one eye.

In one embodiment of the present invention the interferon-beta protein used is

interferon-beta 1a, such as for example Avonex® or Rebif®. In another embodiment of
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In a preferred enbodinent, IFNis fused to the
constant region of an Ig nolecule. Preferably, it is
wo peed24991 heavy chain regions, |ike the CH2 aneiCTZEB2006/065830
domai ns of human 1gd , for6 exanple. O her isoforns of
Ig nol ecules are also suitable for the generation of
fusion proteins according to the present invention,
such as isoforns Ig&, 1g& or 1g4, or other Ig
theChras&Rnvehiidrfthb b @roh-88a drotein@X MdHePon-béta 118NshQlsgbMs
may be nononeric or nultineric, hetero- or
eXAPRSRAAEIOBE c. In a further preferred enbodi nent, the
functional derivative conprises at |east one noiety
attached to one or nore functional groups, which occur
In Bthgnembgdiments o§ ihgdnventpmihedrererenbatansotes) ig arsadiffdes
mtgrrf@rf)ﬁjbégl protefnl §udﬁ°a\se$ ¥ng %ct"fhdgf@}rﬁ( ﬁﬁ&%r&ﬂ@et@ Hﬁ?artlwla?ttbfe

Gy ation m e carried out y known met ho such

longsacing Irmréeﬁorué%té miayehe sefeolietior B Begyated eriskarpete, inferferon-
beRPBAS HRASH &Eféﬁnsoéné f‘ﬂ?eﬁ%F&ﬁt?éié Fbﬂé(s%ﬁ prefeidshe

interferon-beta at i s dosed | east at 44%
adnimias pieigrresh emppdimept piF) ist ﬂjéeij neethPepdist tragla@ Qfsan g

m@égné'”@éfsrraﬁ@ F’ﬁs fE&Plo n4vYBRdth Yegidd, RRenPIHD £dl @id Momalns
ofgre erred embodi ment the interferon-beta at i s dosed

¥man fgQ’ sf%examp'%e%ubpy'SOM@apaulm@%e@u'@ﬁ@re Apemitae for the

geﬁé\%tléméﬁﬁélgﬁ Brtdied %&F&ﬁgﬁioqhgﬁbéseﬁt |F1\l'énrt|§|t1 aghch @s Boforms 19G,,
dosage of at | east 44ntg 3x weekly within an

I9GnerdeFalor @thando ABPEESE H"&f’n'gﬁbord'aﬁsfor SraRRe nHSON Prafeins rpay be

md%m%f‘ic af mﬁMﬁﬁnE‘%e@BﬁortH%%nﬁntﬁﬁéf% after termnation of
steroid treatment. The i nmunosuppr essi ve comnpound

In 8 Agthey 8@“%&9&“&9%@“?@ the &rﬁﬁ@taéﬁ@r'waﬁw%ﬁnmremeﬁayle%trone

m(ﬁé‘t?%'ﬁé&lea% 8ke 6|C|tn§|‘é fDﬁQﬂhleSWﬁ@ﬁ BESRRE ¥ More side
ionally antiproliferative/antineoplastic activit

Ch@'”s g" the aroivaAFid seiduatePrefr Al dhe Moiphnista Rpratiwdene (PE

mdite!| RRbRstRandydse cafiedb @MY KASwWn RtthR%a&Rh&s the ones described
wmunosugpressants may be adm nistered to a human in

in YMOY I3 bviPheraidage ranges: cycl ophosphani de
500- 1500nmg/ n2 IV ; nethotrexate up to 20 rrg po
m t oxantrone 12ngy V, or azathioprin

In phe %\mB‘PfB’F‘SPtr@dheeWS%ﬂth‘é’ﬁf‘t'qrht@e|'rﬁﬂ‘iﬁf6%195$§raé§sn$%@g atieast at

44%5@%11 PEF dcnifisPtRin OP e A1 AHE fhierfERéh-64t8 2@ Is%dﬁﬂm@#éﬂcbt least
ed according to the present invention nay

3X§‘f§1€5‘<¥t '@&”PP@H&CH'HBV aﬁe&ff?doefm@d”@e”tﬁ%% 'HSﬂ”ﬁFOé‘o‘?ﬁt% 61 '6 ﬁ'@sed at

44Ricg @Y. SRWeeKly. dexanet hasone, or steroidsecreting
agents, e. g. ACTH Steroids may be admnistered to a
human in the

According to the invention the interferon-beta protein may be titrated to a dosage of at
least 44mcg s.c. 3x weekly within an interval of no more than 28 days, or no more than

21, or 14 or even no more than 7 days after termination of steroid treatment.

The immunosuppressive compound employed according to the present invention may
for example be selected from immunosuppressants with optionally
antiproliferative/antineoplastic activity, e. g. mitoxantrone, methotrexate, azathioprine,
cyclophosphamide, or steroids. For example, immunosuppressants may be

administered to a human in the following dosage ranges: cyclophosphamide 500-
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foll owi ng dosage ranges: nethyl prednisolone 1-2-ng 1V,
or 24-48 ng p.o.; prednisone 1 ng/kg p.o., or ACTH up
WO 000208594 L) . In a preferred enbodi nent the stBeDEP2006/065830
compound i s nethyl predni solbne. The admi ni strati on of
the steroid conmpound and the interferon-beta protein
may be sequential or sinultaneous. In a preferred
enbodi ment of the present invention the adm nistration

1500m§/RE IVTTIREIRSHHRBIA RS 8 PP OhftitantidHe 28%y hb ey, rer oi d
compound, and the interferon-beta proteinis

azg@@@@mgmg/kgm @ferably, the treatnent with the
i mrunosuppr essi ve conpound precedes the adm nistration
of the interferon-beta protein. According to the

In Brpé%f%rﬁ‘fd sRRATEihg H@“%%PB‘?@%@WM”W plgroid compound.
adm ni stered in separate dosages. In a preferred
enbodi nent the sterojd conpound is administered in at

The 1010 CARIPWLEBRIEY SILACSERIID 1P hospIgEHE InvEPatERLbe Selected

frofTHAE GrdURIYF et @an&hﬁb@dﬁls@@ﬁ@wéwnso‘he%d BbxHrSdtRaRAe] dF steroid-
accordance wth tic Neuritis Treatment Trial

SepreRergIanio Lol o‘fCY*Eae%thORmeq RIMBisiered 1@ aSUiERN igtsup.

follbagh g%sla@e MRgEd: tnhéthyipreatisBbihe TRLAY Iv,AF o400k pal: BRddnisone
198 106: 1051- 53) The treatment reginen accor di ng to

1 pgkg Bloe§éﬁtCT|"'rHFbtﬁt| 8Miay be conbined with the use of
addi ti onal corrpounds effective in M5 alone or in
combi nati on. i n one enbodi ment of t he present
'”?H{Fé?f{?do‘ﬁ“goq”ﬂ??tﬁ'é‘? stefs! CHRRBIAE m(f’BW p‘%'S&Hﬁ‘ﬁ ) is
adm ni st ered to the patient. The term' |nterferon bet a
gl EN- bet a or FN—b%,_", as used in the presen
The RdeystEion PEthe stespid campaund e Mierfrimn P?‘Brpé%tP%?éPay be
seqmlirﬂélfcﬁfsﬂﬁi,llta‘v‘\@blfsh IR PreliRradasrbtRlimént ©f th@tﬁreg‘enemvém@mt@
nat ur al urce or obt ai ned bg DNA r econbi nan

adfuiHRtgY 8 the IBMRUBPIRRISFBINF EOBBRHEeSURSNe E@Hﬁ%??@?ﬁ’%d

an@@d inteferandta piteit lsEBGEEKAT. wéfesébtwae teakrhént weth@he
. fromyeast. or ma lian cells. cells such as

i a

IMEBHNORYOBTETENG CRPPYHGRICESFP éhe(%‘i%)"%?t'% ptefiponzheta 5

pr@eiaf erred host for production of reconbinant |FN-beta.
The | FN-beta may be gl ycosyl ated or non-gl ycosyl at ed.
The term "interferon-beta”, as used herein,

AceOaPGRa FResTe st mwahtidnrthééfteﬁmeorb@dmdaﬁaww ddn@ifiistered in

I nterferon eta roduce nt nea 'ch?'lt _
bAoA SRRSOt P o iodTiethe SProRLRmaN & igstered i
at ) twb@spsrate doshids. beta, used in accordance with the

present invention, is non-glycosylated (e.qg.

In another preferred embodiment the steroid compound is administered in accordance
with the Optic Neuritis Treatment Trial (ONTT) Protocol (Beck RW, Optic Neuritis Study
Group. The Optic Neuritis Treatment Trial. Arch Ophthalmol 1988; 106:1051-53).

The treatment regimen according to the present invention may be combined with the
use of additional compounds effective in MS alone or in combination. Thus, in one
embodiment of the present invention a further "MS compound" (or "MS drug") is

administered to the patient.
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produced in E. coli), it is preferred to adm nister

hi gher anmounts of IFN-beta in order to obtain a
wheaogisenl or pharnmacol ogi cal effect conpar abP@r/EP2006/065830

that of glycosyl ated | FNbet&. For instance, an anount

of non-glycosylated | FN-beta that is about 10 tines

hi gher than the anount of glycosylated IFN-beta is

preferably adm nistered in order to obtain conparable

act i tdr@SinteHaRorttAIFNBEGIdr BEIRPy PR Gsed iR theUsiBSEnt invention, is

herein, al so enconpasses functional derivatives,
intepgeditpicluge AvBaR fibrablastipiggaent which maypsi nativeyri gt pirified dfom a
nahﬂ\"s%@?c% o8 lgémeé IE? [Sl\?A "r@corﬂbrﬂa‘?’uf feecﬁrcﬁg eﬁ O “or&fyotic sources

“Interferon-beta , as use erein, are

(e. pniEeabrsighiao colh k- uﬁ@“ f@fbifrém gykaryoficehosr ealsi 1.9 from yeast or
mdPAhSIAUEAE RfanfHIBR @114 QLoh a8SCIRtR ﬁ‘@rﬁst@%&?'d’éﬁé 9BHO) o

from biological fluids or as obtal ned

hupmap GRS arerdt Pretastedihggior pmﬁvtmnwiéegpmhlr@nwl\éeﬁtar Vs IFd-beta
mé(}ol% gsBbdyPateidr WEA-bI @(§Sy|atte°d S@bttgrm FHREEIRANRa", as used herein,
erivatives, varian anal ogs and active fragments.
eneprapassad| yatu[qﬁelr]teprfq.r%pgat @shavells@g ifefaien-petangrefuced by
redoiiin€ fRahs, IHAERh %Fbldaﬁyof\‘! gg)‘lﬁ robli) BELRESHRL.. .CHRB) hosts.
more preferably, Rebif (interferon
I Eék%ﬁta_at)ser@na@cg@ndameew'ﬂl@ee BFeRRD 'al'f‘?rd'ogl scrpr dyesnated (e.g.
prdMuEQd i BRE Widbretgtdint a@lfmrﬂ&@ﬁ' ﬁghéfaén%u)htsz& IE’IQQJeta in order to

daltons. It is produced by reconbi nant DNA technol o

obfad) APigesiedl ik ANPIMaaeinoifek PERFt cRMRERIeHRntE Rk P! @bﬁ%sy'a?ed IFN-

befe Aot ihdthieVRhChimb e d?%[blyc%;ﬂétfegrlﬁﬂ bRed %a@@@%b&ﬁsm times
been introduced. The am no acid sequence of Rebif

highgr thgeribe earoupiocfidiyposyrtendEybgta *Fl%‘?fé'lﬁpb(sqdn?j'é'ﬁliefﬁé’d'” order to

oblHHTBEbM g2k &id €ISt The Nﬂater a.lntérf@Fo%ttﬁe%onaéoaxs@d aRgrein, also
interferon beta-la (Rebif(r ?) are glycosylated wth

engeepRsehtfHNelicnd dedyatiyee NiEGe R I é@dcﬁﬁ%’ﬁﬁryar &F usion
proBhebyIFNshetsl a reference standard cal i brated agai nst
the World Health Organization natural interferon beta

Thaé, anelairéls (iseeerna IFN) edripiritefadn-betanmariskth)oras used herein, are

intlﬁ c}e%rt(f) znrcgjgbfﬂlglaonﬁ;acs% in r{eron |]n pgrtlgﬁgrzg’f hu?% nso?@% aﬁ]ogialn(eﬁi)by

isq'lainpe rfrnat bl@inguballjlmdspr @wpbi)am@ﬂ barEINA/wacarlnb@enh te¢hnjqyseifrony

prékfar)}o'ﬂtt: Bf é@(a%h@ﬁ&ﬁ chfs, 481N BL REdaltsN fABtid Al Méﬁv%ﬁves variants,
ect bioassay using W SH cel | s and

an@ég% rﬂﬂ'%‘?"’%?@ﬁﬁ‘@f“lsls vi rus. Conver si on table for MU
and neg of IFN-beta Rebif(r) 44 neg contains

apprexeraBlyekie [FN-bth)tode asdd Wi thal fraed oy ithey presbRgintntidn is
met hod. Current nedications for M include di sease

AVRRRHKS. HetRerada ChetR'e prefergbly BefitSi ng the course of M,
MAd@Wedf® terfdPbEES1d)NE 4 PUMRA $665hRMo A6E YiyHop@hdin with a
mol}/(est:u?a?m?guh?%?approxmately 22,500 daltons. It is produced by recombinant DNA
technology using genetically engineered Chinese Hamster Ovary cells into which the
human interferon beta gene has been introduced. The amino acid sequence of Rebif®
is identical to that of natural fibroblast derived human interferon beta. Natural interferon
beta and interferon beta-1a (Rebif®) are glycosylated with each containing a single N-

linked complex carbohydrate moiety.



wi thin the nmeaning of the present invention include

the four FDA approved i nmunonodul ati ng agents for
WERBRME0299br ee beta interferons (Betaseron(r), Be¢T/R2006/065830

Avonex(r), Biogen; Rebif(r)9 Serono) and G ati marer

Acet ate (Copaxone(r), Amgen). Medications for M

within the neaning of the present invention also

i nclude the FDA approved i mmunosuppressi ng drug for

Wor $RmgNE rdfBrendd staraBtd @é]i%re(té@‘é@ﬁ%totHS(Wbrld AZERN Drganization
| FN-beta suitable in accordance with pr esent

nafurg) dpeTiRran ibsta siandard i(aptanddutarnaspna Séarg:iarcbprp@tgf@r()p) Human
FidrSHEL R 23@09@@1‘ RetkiB t%%‘%pé&ﬂc&f&lﬂﬁf%bl‘&xmately 270 million

(Schering use of interferons of human origin is
intefngiPnat é‘?' (M%H anarﬁ'c‘ftE%Jrad’HYiB’ep%”ﬂ%of Rierisraskeip-1a Tetermined in
aniiM V@Bl epathitefebEdidAssay BSIAENIBH cafls AfPredi®lIRiStomatiis virus.

i ntended to enconpass salts, functional derivatives,

variants, anal ogs and active fragnents thereof.

Rebif(r) (reconbinant human interferon-beta) is the

| atest devel opnent in interferon therapy for nmultiple

sclerosis (MS) and represents a significant advance in

treatnment. Rebif(r) is interferon (IFN)-beta 1a,
produced from mammalian cell lines. It was established
that interferon beta-la given subcutaneously three
times per week is efficacious in the treatnent of

Rel apsing-Rem tting Multiple Sclerosis (RRVS).

Interferon beta-1la can have a positive effect on the

| ong-term course of MS by reduci ng nunber and severity

of rel apses and reducing the burden of the disease and

di sease activity as neasured by MRI. The dosi ng of

| FN-beta in the treatnment of relapsirwemtting M5

according to the invention depends on the type of

| FN- bet a used. | n accordance with the present

i nvention, where IFN is reconbinant | FN-beta 1b

produced in E. Coli, comrercially avail able under the

trademark Betaseron, it may preferably be adm nistered
sub- cut aneously every second day at a dosage of about
of 250 to 300 nmeg or 8 ML) to 9.6 ML) per person. In
accordance with the present invention, where IFNis
reconbi nant | FN-beta la, produced in Chinese Hanster

Ovary cells (CHO cells), conmercially avail abl e under

the trademark Avonex, it may preferably be

adm ni stered intra-nmuscularly once a week at a dosage
of about of 30 neg to 33 neg or 6 ML) to 6.6 ML) per
per son.
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In accordance with the present invention, when IFNis
reconbi nant | FN-beta la, produced in Chinese Hanster
worarpsoel | s (CHO cell s), commrercial |y avai | abber/Brmes/065830
the trademark Rebif, it mayopreferably be adm ni stered
sub-cutaneously three tinmes a week (TIW at a dosage
of 22 to 44 meg or 6 ML) to 12 ML) per person.
Preferably, a dosage of 44 meg or 12 ML) per
application is chosen. |IFN-beta proteins according to
the present invention may include derivatives,
vari ants and nuteins of |IFN beta. "Functional
der ichaltdr¥ds tattsror AU a8 hRgTor FNLBEtader i vat i ves of

IEN-bheta and its variants or miteins and fused

pr 8¥i ns, |whi ch3nay be pr ep%?r ed flomth® funcii onal24

yi S VVIII Lil OC I asS | Sl UB 4,4Idl 'S [ OTl ll% I Bbi uuea 8
t he or |C-term nal qroups, by nmgans known i the

art. These functional derivatives are |ncI uded i n the

I h i. |
R St e it I iy R TR G PG FRERLETE igmprod
the protein, which is substantially simlar to, or

CukPr‘:éH ﬁédlng%ﬂs fdriAfs ﬁﬂ%ﬁJ'dg'dts)éaQJ mb&iNiRE}tmane 140 Mdakying the

confer toxic rop erties on conp03|t|ons contalnlng 1t.
coyiize SEMge Progulaies §UPM9SS fheimeagpYtem; Aesigiagly, MS compounds
witp tyetrrewhmg ef Gie)tﬁé&enﬁlnd@ntbh&rhdﬂﬁde thé fazin FDRyapprgeaV e

|m|91¥1 %&P@L{I&P@r gﬂ?t% & RFEIQE t'ﬂFe%tbee:tQ th%f&ns%?ﬁas&on@ B%rlex;

i oavai erance

Avphex@ lﬁirmﬁmbl@lsy@ &erqn@mn@émrr@mrwcetme Hetvanane®, h\nzgen)
MedRkiond ENvIRRYifhirl TR nbeeanhrigruf% @regenttrweamnyaﬁédﬁ.hw@a&mém/x

éPEC—% PEGy! ati on ecarrléﬁ\éu )}/ mst o%
aPHELET IyBY SHPW%@ WO grngo aPH qVE'DH
Antge@).| FN can be prepar ed in accordance with the

teachi ng of WD 99/55377. Therefore, in a preferred

enbodi nent, the functional derivative of IFN-beta
IFN-Bgrsudalle iy aqcemianceywih theirsesenainvertivads eunpasiady ayailpele
e.d. léﬁﬁdb%%e@h@)uﬂ%né&@l elmg@ﬁwrmaf@mac@qscmmrng STlﬂsaJse of
'”tﬁﬁ?r%s ?‘ﬂlé‘”}?& Oé'é’&P Ip 5'38 pﬁ%?&%‘f'l’?ﬁ‘:&?{ga@‘fey‘% Eﬁo tg? FBE‘?éF”HBYeé}“i?”
Thederh igteirfgroor e$ esaddtbreinnis ddewleddm eacanipdss shits, pmetienratl
deh%}fi%ée 'vQHant%%\ﬁ%fo@E aﬁ’@@ct%'f%‘gh%ﬁtsﬁﬁ&re@i so be attached

et a derivatives include aliphatic
esters of the car boxyl groups, am des of the carboxyl
Re@ﬁ@M&&odﬁbmaﬁt&mamnnmﬁédGnaﬁm)m the Qatestidekel ppr &Mty intgrferon

thesrgépijag%r Flp@rgc%?gﬁs @AL%C%g : eSI e Eéeé g@gigi%néfa@wsﬁ}?%gﬁcgﬁgatment.
Reabtﬁ@eft intesfe(an, (N leteah yrodyiced paegramplianaged Jinesy ttovass)
es@blisRedtidt iflefdr¥abbieta Glerd SuBBuBNEERKMhre8tiReRDer week is
efficacious in the treatment of Relapsing-Remitting Multiple Sclerosis (RRMS).
Interferon beta-1a can have a positive effect on the long-term course of MS by reducing
number and severity of relapses and reducing the burden of the disease and disease

activity as measured by MRI.

The dosing of IFN-beta in the treatment of relapsingemitting MS according to the
invention depends on the type of IFN-beta used.
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(for exanple that of seryl or threonyl residues)
formed with acyl noieties. "Variants" or "nuteins", as
wais@d/oesyet he fame of the present invention, rePEI/EPD06/065830
anal ogs of | FN-beta, in whitth one or nore of the am no
acid residues of natural |IFNbeta are replaced by
different am no acid residues, or are deleted, or one
nmore amno acid residues are added to the nat ur al

n ?@“%eﬁéw'tﬁ Prensns Miealin phersP b eptmBest AR T
pradutéd inhte Galil chniryereially-blceiable u'ﬁherstee fratiesnark Betasepmejp aragd
pragraﬁﬁ%%dﬁ}mgtja%' s?:b%ggn%ﬂg}' e\‘?‘ér{/ &ﬁina%%g &fla '&Héaﬁq@%ﬂ%ﬁb& of

ues, or an nown nique suita
250 e '?999 o MY &g 46 MNJher RAEONor " mutei n” i n
accordance with the present i nventi on i nclude proteins

i BOBREs &l o Wik i BN BB s kBl g0 £2
pratiused mmn@eg-lannsterw@adty 7318,(980 aghglecorsmeiciafe available under
th&@%ddr@ﬂ%ne}—h@ n'Fa? rpFBfer%Bry' H&%%m%ﬂe@' |ﬁt‘rélﬂ1%scuﬁ§rfy%'n%e taQ/veek

di zation and gn vvasugz condi tions, which
at?lﬁ’B%%geo‘? a@PH‘iCHéP Cs§JktPI3F5 %Ctrﬁé\’”élrtp RMIEREN Rﬁﬁ%ﬂﬂy
refer to as strlngent See Ausubel et al., Current

In %@?&%@L g\/ith Rk gé:ntf i@gt}t%nlbg%( IF%%@W%H AenE fl'—q\i:-i)gtgcl%'
pr@vaﬂﬁz)m&hlmseﬁams’q@féh\tanc@ﬂ@u €Hereells) n@cprwr@ercmlﬁ RYaiigble under
theC @At dri Réblizrrﬂ@&e’fe@éb?woé BémpRharbd %@Quta_ﬁ@d&fsl yith@e times a

wegk P nfhae $B5ade 28 o ool e g7 M e Haeee%)rsfeia y.a

doS%e cidd nicgdn13DB Uager appiCafiar is3Be. m nut es and t hen, a
0.1 x SSC and 0.5% SDS at 680C for 30-60 m nutes.
Those of ordinary skill in this art understand that
stringency conditions al so depend on the | ength of the
IFNDtas@qieescasordolgi tgdhewlrefsehi deergioobeay hsludé dagvatied) Variants

anggﬁﬁg%s 81rIFWBé?ad ol i gonucl eoti de probes. If m xed
probes

are used, it is preferable to use tetranethyl
am’rblﬁjrummrlahlderwajlee% TddAGed heremacbvef dES@tivEeef Alsbdtel and its

vaﬁéi‘% %T nlll.ﬂg Hg é f[;?éql ﬁr%ﬁe‘cfnsa v&h“?&i}a@%go%fehh%pgr%ﬁvﬁo% tﬁé’\?un%ﬁonal

e Seq ces or
grcprplsy/vrum e@iur de ssiecph\ennsem thel e¢stduesmedhdiN- ©o Gptarmingl drbeps, by
mesa‘?mg%ﬁg\?ﬁ zn t enargefh%'églfun ltgr?ep eFi‘yati(lgg gFeSinE;IBd@cpine?ﬁg%vention as
nucl eo e to nuc otuﬁ’ mmno acid to am no
lorgcasdbey reaso pbl@rmaeeldfcaljmzs:cemabpol o1y drondtdiestray thewotivity of

th@? {eﬁ?%h‘ c‘i’n‘%s%ﬁt‘j‘éigﬁl%ﬁ3a5|nﬁ|§§i%‘98} %é’t%',gl’hano}fn%rac'i 0 Séf\‘j\ﬁﬂ‘b'&ta and

Seguences be
dOtHQEC@Wfferstom@proaartlexaotcompofrlmrpcmd@nm ita "% identity"

MBY These derivatives may, for example, include polyethylene glycol side-chains,
which may improve other properties of the protein, such as the stability, half-life,
bioavailability, tolerance by the human body, or immunogenicity. To achieve this goal,
IFN-beta may be linked e.g. to Polyethlyenglycol (PEG). PEGylation may be carried out
by known methods, described in WO 92/13095, for example. In particular, PEG-IFN
can be prepared in accordance with the teaching of WO 99/55377.

Therefore, in a preferred embodiment, the functional derivative of IFN-beta

comprises at least one moiety attached to one or more functional groups, which occur
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be determ ned. In general, the two sequences to be

conpared are aligned to give a maxi mum correl ation
whedonoesr9t he sequences. This may include i nserpcTEP2006/065830

"gaps" in either one or botth sequences, to enhance the

degree of alignnment. A %identity may be determ ned

over the whole I ength of each of the sequences being

conpared (so-called global alignnent), that is

asRAkldrGhbrardioe EHbidsed el Hhins QBIMEBEIBSeO ANt &R RABNLGR which the
very simlar length, or over shorter, defined |engths

mqiety '%%PP'&%F“Y'%‘%\Q'V%' (RfFEMPIPLY it highlyi Reefeppe '8 @p@%@r&efvaw the

pr&RAURPEG RSN WevEiRPAEEI mbishGthay &S hOHEachel te MmN iLaE:. t he
|dent|ty and honol ogy of two or nore sequences are

wel PtgisirAvatiyes Helugetaliphatigsestass of Hist Ryl gouey. amides of the

caﬁb\éﬁyﬂg@&lp@ Hi/f‘reééii%n\Mtﬁ%ﬂﬁérﬂa &ﬂﬂ@ﬁﬁrﬂa&@'sﬁ&rﬁawlﬂ% N -acyl
versi on Dever eux et al. 1984 for exanp

deBY%'(}j?%ﬁ% r%ﬁi@"ﬁﬁ\o‘r@rﬁ‘t‘ﬂf &APe amie Bed § etséorasradéwm ?fé’ ! f‘]ﬁ’@t'es

(e. Y0 AIREHYy 66’0&*@1%02@%%@%r&}btsy&t@la@ﬂtde‘ﬁe&lvéﬁ6f trée h%roxyl groups
Identity and t % honol o bet ween two 5@96 e tid
|

f°§%’éﬁ5‘é?¥% t ofgesyter ﬂ‘"‘%&flé(’sre?ﬁ*ées’ ferangd VYRS & gor i t hm
of Sparditsang “MatedisnBas (Bih)theAsné ionéise bﬂ@eerhaﬁ\vermbngﬂefér to

ion of simlarity between two sequences.

Q h
a”B'PgﬁPBWé\‘ gaed 'Bé‘t"é?"rrP‘Pﬁ A ModR At iheyAraiAe A6 r§?'ﬂ&‘€fsa?f| fgjural IFN-

be{@ebr\ée@ma%@m@rmw&em@mmbsaz;m&meb Nott B @dlétedf &1 one or more
i nst ance the BLAST fam |y P rans (Altschul
”%‘Fra i%?g‘

amio’ aq g gsiduge: e AP et S T A e

cohdierBBIBhDaGRitP b maaemmg @bdumyVaa@bﬂnpaﬂemmmhhgwh tﬂ:fédIFN-
FASTA éPearson WR, 199 Any such variant  or nmut

be5 ef S50 MRS a5e sl%faa%fﬁé ebbfknawnav%@% agg#or j Ry e%‘FFTOV irected
muldgtnkesiattdchRiqQés, iohahy efhet ENmb\etbaqmm.ta@emrérawe

substantially simlar activity to | EN bet

Fundhe drra wdiehy o oSS In SesoHi o AR BiggeU AR Rl e
prowiheleﬁcdma by Shidldi@bcidCéicti dsyDR& of RND @thahi r@bﬂdmes {o®BNA or
o B e AP DRSS Lt PS4 AT O SRk conctions.
Th¥Y Brinc edtigene. c@ndld@ﬁdﬁr idpgd Yy hylerseedtion eénda|subse'|;198|5t washing
copgsubbich R Py S HecaUrary Cator ety oy Stingent’.
Sempafetr@UUuﬂentSera&fcbﬁﬁﬁtl\miléder Bislogy, Bupie itédcience, N.Y.,
sSRa e ey o R e s et dreBiainguce
waaﬁmdicsﬁdnmm 222C beﬂbv\UﬁielbaVoB&,t&Bm ofMHieyblﬁd eheasadilidy in, e.g.,
2 X é§gta@0é/§6’r§8$n§§r? mlnutes eZaSESS%O%d 8t 1% gsgtfor ?S/mlnutes 0.1x
SSC and 0.5% SDS at 37°C for 30-60 minutes and then, a 0.1 x SSC and 0.5% SDS at
68°C for 30-60 minutes. Those of ordinary skill in this art understand that stringency
conditions also depend on the length of the DNA sequences, oligonucleotide probes
(such as 10-40 bases) or mixed oligonucleotide probes. If mixed probes are used, it is
preferable to use tetramethyl ammonium chloride (TMAC) instead of SSC. See
Ausubel, supra.
Identity reflects a relationship between two or more polypeptide sequences or
two or more polynucleotide sequences, determined by comparing the sequences. In

general, identity refers to an exact nucleotide to nucleotide or amino acid to amino acid
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preferably, at least 90%identity or honol ogy

thereto. Muteins of |IFN-beta, which can be used in
wa@ewaoneapce Wi th the present invention, or NnucPEI/EPBO6/M5830

coding therefor, include aiBinite set of substantially

correspondi ng sequences as substitution peptides or

pol ynucl eoti des which can be routinely obtained by one

of ordinary skill in the art, w thout undue

coRESHNHERBL A tHeOo &%ﬁ@ae@wefsfw W& pSIPheHliae 888LIBBES 38R ctively,

presented herein. ferred changes for nuteins in
overcths feqHte thif ??ﬂ“@ﬂ%esp@%‘?ﬂmﬁ%%ntl on are what are

KnowB: 8squcRERSARerBlHAE s SRR dXabl dorRSporfdenserarel idshiity” may
am no acid substitutions of |FN-beta pol ypeptides may

be; JeigriReds [ h EFRATB NCWONSPHENERS i RehFomeargy é‘fﬁpamee'ﬁo give a

md&#ﬁtﬁn&i«bfrrielaﬁbrﬁ?%m/ee&l el sHquBmesi Crﬂ%hr(ﬁﬂif Grﬂiluo@ PB&ihY €§aps” in
that substituti on between nenbers of grou

I
Sitperdig ) @Ot IBP e go ANt aFnEe g8l egfof P'I'Qé‘”?ﬁ@F é"c%’l igentity may be

de{e@hﬁhﬁﬂ Rean thd Mdle lehdthi |o$ e§éhe@\‘rthé Bé‘due‘n@é@ﬁéh@@&n@é}@d (so-called
del eti ons of am no acid i/?ua so be made 1 n the

Q'OQBb@@B@PPHetBa*s'écﬁ’ﬁ@'ﬁb"@@y W'fﬁ‘? for 8FqUEPFeRPTti Same or very similar

lerigt) &F b@dh shBAER téfHeanéngthd (sbRalldd1sed talighser), e lisehbienNRitable
only involve a few am no acids, e.g., under thirty,

fornequencss of amaraligeP- t en, and do not renove or

di spledtesiisasn d(b%p@ﬁhgiﬂwev\bkérﬁﬂty @f’foehd?ﬁdlégycﬁhwb or ﬂlore sequences are
functi onal conformatio steine resid

weBkgpun Hsthe - Tr*EHSefPh@StBP%I lﬁ’&%%a'B? a%%]'n?ﬁ'edréﬂl?tw&ﬁ%”%ﬁ?%fence

AnialySier RdcRBge, CRAGoWOLIN [TevERRIX M EY BIEW 984) t B ef@érﬁﬁ@ﬂhe programs
i nvention. Preferably, the S%gpnérmus am no acid

BER 6 s2ner £AMoSEY 8P HERS it NG the vy dIgibr detsp, two

potyh@cl@Mﬂ@QYJmUﬁeaW ﬂ@ntﬂ}}léﬂmdg{h@umh@ﬁ@o@m@ﬁv&afmesolyﬁbpt.de
nost retera

seq s BES A e OB Cral PABORY AGHIGM, 91 STHABRE: Waterman

19"31¢faaarfﬁnds e best gﬁglsyregaawmus&nmm aet%ed&wmea%d&és dother
prcr_gi//nonémﬁé%q_ﬁngwlq_ |lggrﬁ‘rgy gg{j{gr snﬂ)?rlty ,9@ weevaslequ%é:ﬁs %Ir% al@p >I;\nown
in Neaart, Tditinstétice th&BLRBT fark®y of phbGrame(Kitschiuiss F@t al, 1990, Altschul
S /—\La egt; %l, -%57 F)arc(tjzéssélglgl through the home page of the NCBI at
www.ncbi.nlm.nih.gov) and FASTA (Pearson W R, 1990).

Any such variant or mutein preferably has a sequence of amino acids
sufficiently duplicative of that of IFN-beta, such as to have substantially similar activity
to IFN-beta. A functional assay for evaluating whether any variant or mutein has a
similar activity as IFN-beta is e.g. the assay measuring the activity of interferon on the
cytopathic effect of vesicular stomatitis virus in WISH cells, e.g. described by Youcefi et
al., 1985. Thus, it can be determined whether any given mutein has substantially the
same activity as IFN-beta by means of routine experimentation.

In a preferred embodiment, any such variant or mutein has at least 40% identity
or homology with the sequence of IFN-beta as disclosed e.g. in US 4,738,931. More
preferably, it has at least 50%, at least 60%, at least 70%, at least 80% or, most

preferably, at least 90% identity or homology thereto.
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Val Met, Tyr, Phe, lie, Leu, Val Gy Ala, Thr, Pro,

Ser, Ay lie Met, Tyr, Phe, Val, Leu, lie Phe Trp,
wao/kdo7/033p1 |ie, Val, Leu, Phe Tyr Trp, Met, PheCT/ER2006/065830

Val, Leu, Tyr Cys Ser, Thr4Cys H's Gu, Lys, dn,

Thr, Arg, Hs Gdn Gu, Lys, Asn, H's, Thr, Arg, Gn

Asn A n, Asp, Ser, Asn Lys GQu, @n, H's, Arg, Lys Asp

G u, Asn, Asp Gu Asp, Lys, Asn, Gn, H's, Arg, 4 uMet

PheMLﬁ'@ns W'IFNLtféltb Which Tédh Eépus-EGBlnEah@fr@arE%efNﬁﬁ rR€ present
G oups of Sénon ynmous Am no Acids Amino Acid Synonynous

'”V@‘WU]@ gemugsic AFlY EPENg | {herefor, gnglede 13 finite j get %éub%r@hally
coﬁ’ééboﬁhlﬂg ﬁbgiﬁgl\?ﬁ@&udﬂnwueﬁ eptided yﬁholyﬁudeoweés thicHg can be

roiggly%ﬁ@lnqq,py oRE of-ﬂ,gln@yssk\éylg’thégrjt W|th0L||\’{E£ndueyexperlmentatlon
based on the teachings and guidance presented herein.

Preferred changes for muteins in accordance with the present invention are
what are known as "conservative" substitutions. Conservative amino acid substitutions
of IFN-beta polypeptides may include synonymous amino acids within a group which
have sufficiently similar physicochemical properties that substitution between members
of the group will preserve the biological function of the molecule (Grantham, 1974). It is
clear that insertions and deletions of amino acids may also be made in the above-
defined sequences without altering their function, particularly if the insertions or
deletions only involve a few amino acids, e.g., under thirty, and preferably under ten,
and do not remove or displace amino acids which are critical to a functional
conformation, e.g., cysteine residues. Proteins and muteins produced by such deletions
and/or insertions come within the purview of the present invention.

Preferably, the synonymous amino acid groups are those defined in Table I.
More preferably, the synonymous amino acid groups are those defined in Table II; and

most preferably the synonymous amino acid groups are those defined in Table ll.

TABLE |
Preferred Groups of Synonymous Amino Acids
Amino Acid Synonymous Group
Ser Ser, Thr, Gly, Asn
Arg Arg, GIn, Lys, Glu, His
Leu lle, Phe, Tyr, Met, Val, Leu
Pro Gly, Ala, Thr, Pro
Thr Pro, Ser, Ala, Gly, His, GIn, Thr
Ala Gly, Thr, Pro, Ala
Val Met, Tyr, Phe, lle, Leu, Val
Gly Ala, Thr, Pro, Ser, Gly
lle Met, Tyr, Phe, Val, Leu, lle
Phe Trp, Met, Tyr, lle, Val, Leu, Phe
Tyr Trp, Met, Phe, lle, Val, Leu, Tyr
Cys Ser, Thr, Cys
His Glu, Lys, Gin, Thr, Arg, His
GIn Glu, Lys, Asn, His, Thr, Arg, Gin
Asn GIn, Asp, Ser, Asn
Lys Glu, GIn, His, Arg, Lys
Asp Glu, Asn, Asp

Glu Asp, Lys, Asn, GIn, His, Arg, Glu



Hs Hs, An, Arg Gn Gu, @n, Hs Asn Asp, Asn Lys

Lys, Arg Asp Asp, Asn Qu Gu, Gn Mt Met, Phe, lie,
walo7/0bwo Trp Trp TABLE Most Preferred G oups BET/EP2006/065830

Synonynous Am no Acids Am n® Acid Synonynous G oup Ser

Ser Arg Arg Leu Leu, He, Met Pro Pro Thr Thr Ala Ala

Val Val Ay Gy lie lie, Met, Leu Phe Phe Tyr Tyr Cys

Cys, Ser Hs Hs Gn A@n Asn Asn Lys Lys Asp Asp

Met Phe, lle, Val, Leu, Met
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Trp

TABLE Il

Trp

More Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group
Ser Ser
Arg His, Lys, Arg
Leu Leu, lle, Phe, Met
Pro Ala, Pro
Thr Thr
Ala Pro, Ala
Val Val, Met, lle
Gly Gly
lle lle, Met, Phe, Val, Leu
Phe Met, Tyr, lle, Leu, Phe
Tyr Phe, Tyr
Cys Cys, Ser
His His, GIn, Arg
GIn Glu, GIn, His
Asn Asp, Asn
Lys Lys, Arg
Asp Asp, Asn
Glu Glu, GIn
Met Met, Phe, lle, Val, Leu
Trp Trp
TABLE Il

Most Preferred Groups of Synonymous Amino Acids

Amino Acid Synonymous Group
Ser Ser

Arg Arg

Leu Leu, lle, Met
Pro Pro

Thr Thr

Ala Ala

Val Val

Gly Gly

lle lle, Met, Leu
Phe Phe

Tyr Tyr

Cys Cys, Ser
His His

GIn GIn

Asn Asn

Lys Lys

Asp Asp

Glu Glu

Met Met, lle, Leu
Trp Met
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Gu Gu Met Met, He, Leu Trp Met Exanpl es of production

of am no acid substitutions in proteins which can be
wais@d/otsep1 obt ai ni ng nmut ei ns of | FN-beta for usECT/EP100€065830

present invention include amy known nethod steps, such

as presented in US patents 4,959, 314, 4,588, 585 and

4,737,462, to Mark et al; 5,1 16,943 to Koths et al.,

4,965,195 to Nanen et al; 4,879,1 11 to Chong et al;

ExahBled.d? bfode@dort 6f érﬁﬁo%tcloaéubsﬁtﬂﬁ’or{%ﬁ'd?@teﬁlg Rdidd &4r€8e used for
Ob%r oteins presented in US patent No. 4,904, 584 (Shaw et

ining Mueibe:ioh|IFNibsER & yset Br ther RS rinaRtion daclydeaany known

méire&pgtbpse@uw%@r&é@énteﬁhﬁ L%)p@tehﬂsadgsgcms k3885 and 4 737 462,
terf erons ar e non- nat ur y occurrlng vari ants

to Mer ¢l Bt piodfoth %Bh@eﬁs%é PRt Negead ahdyB7a ¥'d tB&hO”Q

et HS8fd 9@@?6% ROLdeDettan@nd et dubBtitute pAétking Pprdsented in US patent
derivatives" of |FN-beta as used herein covers

Nogd90¢ 26 (2evWelidh may be prepared fromthe functional

A 0PSB iGBITE6E VarigAS had %nﬂé@tﬂb‘éd @ébehilve Th@%b-@blﬁéa étfnsensus
the NN or CG-term nal group

intefferonsa rRfe af-naEpllyd 8Pt H%“ai”e*/?v efnt”:'\é n(U§s 6@6%65%)5 Q%‘é‘?”sus

intérRAGHS A o BB b6 ding BasERletRbe, |1 .e., they do not
destroy the biological activity of the proteins as

des rITBHRIaLdssRIves o IF-N-befaas 1t hejein EPuBS ipriyaises which may be

prépRfddgfmpOing rrmwmcg%@&;sy wiadHodci 4 skdefchais @Rt residues or the N- or
IB%LBal [ n% and do not confer toxic properties

) HAUPERY TRAHBAIAR G (e ort 8oy ited helye Rugndon as long as

theﬁyh@ﬂﬁhﬁéﬁhaﬂ%c@bﬂcﬁﬂy a@@@tbblaa ecaméaodwﬁdt@betr@rth@ Be®RRat Ltivity of
I esli ues rovid erlvatlve retains

t he
the, Pigteilsi 2afess e*e%?we o*e rtfﬁ% ol i hhig qogﬁamgmg receptor and
inifRifeRfBBSteLEidrafnd, Yind a6 @bt cdpkee toxwro@ma%”pzineoonqﬁémmtdommmg it.
may. i ncl ude al i phatic esters of the carbox
DeTAlES Y TG BETBEKTP o He By PRSBITIn b ReriRoirosues
pra¥idedd $ugh P4 | dEBVSIive reBide O aidtogitdl NeSivity NBiCiHe  prteiry ahdl WeMains

or free F\m nopéqqqroups of the am no acid residues forned
Phaimacedicdly ateiRidt'es (e. g., al kanoyl or carbocyclic

ar o¥br eHafpRS JerVatives aﬁyhndiﬁé laWstatioy €%ero bf the earbbyigroupd, amides

r ou .g., that of ser or. threpn resi dues .
of Pt alicitios oy Fearons bk Smmaato i Y en R Seheryo) argnes. N-
ac}"I etivtieess @rfreemﬂmﬂ @roqu}tlﬁﬁ iine Reid géyidiek ferhndea with &yl Snoieties

(o FoaaTsHEk BT T P T 0-BulF v FPag! g ydron oroup (e,

thad @F berglUbrathreon oedidure EfoirBedwilli @t@intoiétiest dues deeeltives may also
inc u%re f(\)/ra&arzn% e, %Iy&ﬁy@rieng%gcoy\dsi&ehcr%ins, which may mask antigenic sites and
extend the residence of the molecule in body fluids.

Of particular importance is a protein that has been derivatized or combined with a
complexing agent to be long lasting. For example, pegylated versions, or proteins
genetically engineered to exhibit long lasting activity in the body, can be used according to
the present invention. A pegylated version of interferon-beta-1a has been described in WO
99/55377 and is considered as included in the definition of interferon-beta according to the
present application.

In accordance with the present invention, a salt of IFN-beta may also be used for

treatment of optic neuritis.
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conpl exi ng agent to be long lasting. For exanpl e,
pegyl at ed versions, or proteins genetically engi neered

WO 000gxbdobi t | ong | asting activity in the body, PCEEP166/065830
used according to the presant invention. A pegyl ated
version of interferon-beta-1la has been described in WO
99/ 55377 and is considered as included in the
definition of interferon-beta according to the present

apphhé #rin0Baltst RerRMGRIAARARBINEAIE of BEHLENE§R0bs brm/t%rﬂciooéibdltlon
a salt of IFN-beta may al so be used for treatnent of

salpph @mira Pynssofithe W‘é?'ﬂﬁ‘ dgsariped ahvyeephanalgasytberegf psalks of a
cafbBkyl §radb ry ROMMhe b PRMBENAHHOWhGn 8l &t A/GhEIL@Ninsdbkis safs, for

am no groups of the proteins described above or
eX3{RRIF oYU FAUM, asaNeRiunf fegiceelr Bk yaltsy ABY therilke. (ad salts with

ordaPlcageds tﬁw&n{@alof{yﬂe)tdmd& Qntﬁblmr@@ dsubIﬁ] aé Hi@&ah@%ﬂé%r&imne
salts, for exanple fer

or fyping,piperiding. tpéoca"a“ﬁé’”?' H@ "F‘? Iﬁ?'d aéjﬁﬁo%%q'tts@%df’ Horo‘?xéﬁ'mecsa'ts with

MiRASRid3 SubN 8S SorfeRBMBE, hyfjﬂfchI@Pf@éﬂiﬂ & sullirichhcRiMbAtesaits GH€ Brganic
as triethanol am ne, arginine_ or ?SSI ne, piperidine,

acidp.sual f A ffeTHe: EICPTECeaC'%@ iralicRgick PhFPUsSe PRY §45B Salifamust retain

thef Biblo§i¥a ERlvety of FHN-SetiM WHcH I BE baImeasires e ¢S Wethe dbaséHrexplained
exanple hydrochlorlc acid or sulfuric acid, and salts

abQy&-h organi c aci ds, such as, for exanple, acetic acid

or gxaltesn afiisdd p%teﬁ?\OUéféﬁs tcarayp@wbua@ldoﬁqpﬁuﬁg IFRiRtd) or a
t he bi ol og a];raigact ivit eta, which

b
vapR & rugel H‘e(‘h@efi%/%a@%%‘ilwg&ﬁP%ﬁhﬁreBmé%‘?J\)’é’%Ch %‘1% has an

exlentida refsld)%ﬁ@b ﬁrh@lirebébl'y fedse IFEN-bétaamPOhYP 8P Fiis2E to another protein,
or a varlant or nuteln

ri sing , r
poi‘VPgE}H’Erﬂf ”teh'lé‘iee%ﬂ af‘uE@H”W"PW"QHBPﬁréﬂmﬁPfot{‘%reHP whi ch,
e gTheﬂéﬂﬁe anm @xmﬂmednb@ﬁmeetnqmibefmcbrﬁpmayarf ||rh|||ndﬁoglobulln
N-beta may thus be fused to anqther prote

fusﬂﬁﬂ yBeptiREE 512 URH Prefed) CmRyising A qrrH?{}r?éHT'\bB‘ﬁtFHf't'ﬁeSrto gllora

poftfoagﬂ%ﬁtlmtﬂmﬂb@éfﬁuIlnTM@EHbHQ &, mamngaunﬁmmﬁd@ejbumnh@wnrmatbms are
| FN- bet a con‘grl ses an i nmunogl.obu] i

wellEROBBIA e, SHEE 88 T R eaceiegt nal oD RpAR, fgsxempte- The
petsbohtskigédirf tHe et il uﬁdidrst@ﬁd malt)ﬂfetrb&mlr@fualﬁn proteln of the invention
| obul in g\!g 0
et o poatel aravit e el ToRA S pReba APttt Ashohinker
pe@ﬂ’t%ls\llvﬂleﬁ(béh hbﬁdasl éhdlﬂ)ail)?,/@%g&ﬁmof&[d @smt@é ¢ lehbt @absw for
| n the i 1 un angg e resul
exiblPof SpABIR (b eSiES IR ot ApKnGay e BIIGhRRgEdl the
seq@dricéi [E)F Mf GllFNhéwtea) fa’mexéruaeoer ray3-amind aeatlinker seqwence
a short e OIT‘?\A(Zarl\ n F hlﬂrt as

cofpeiay s nedoy AR Lo G i B heaBE e et Bemifr-Ser rch
linke? iataduoe@ Bbtivee Thel IRG-beta degugide. arfhind ddquétde d@ebdrom an
|anru|n<§)g%gt§ulhg%e8uence The resulting fusion protein has improved properties, such
as an extended residence time in body fluids (half-life), increased specific activity,
increased expression level, or the purification of the fusion protein is facilitated.

In a further preferred embodiment, IFN-beta is fused to the constant region of
an lg molecule, often called the Fc part of the immunoglobulin. Preferably, it is fused to
heavy chain regions, like the CH2 and CH3 domains of human IgG1, for example.
Other isoforms of Ig molecules are also suitable for the generation of fusion proteins

according to the present invention, such as isoforms IgG. or IgG,, or other Ig classes,
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sequence E-F-M (d u-Phe-Met), for exanple, or a
13-am no acid |linker sequence conprising
weRe7B®9d y- Al a- d y- Leu- Val - Leu- A y- d y- G n- Pher/EB1006/065830
or a Gy-Ser rich linker in8roduced between the
| FN- bet a sequence and the sequence derived from an
i mmunogl obul i n sequence. The resulting fusion protein
has i nproved properties, such as an extended residence

likd \gIB of AL exbinBledBudibid plotdihd ﬁ)a?/ bb'?ﬁdr%ﬁﬁe@i@l ob RRMIndre, hetero-
activity, increased expression level, or the

or hamprutisterisnMethodel RrERITB ImPBINEPIAbYIE frisien prateipeare Knewn in
thedar, W.§ FRIm Epes‘zerzrs%r%’ﬂptds @fﬁS;OZ‘?H&f@@ibﬂ Pr&e.ﬁyempﬁs@ng IFN-

the constant region o
be{%@o'ﬁﬁeﬁna@t deserifagee- Qnﬂﬁ‘lﬂ%é?gﬂupl WS 5F§4éf®r7at6\(9 97[2A1pg or WO
oof2aaggl to heavy chal n regl ons, like the CH2 and CH3

domai ns of huma or exanple. Other isoforns

| g Aol'@gurds a%l‘?oéd'%ﬂ E’oth‘% U GtSSB"I 'B"ef”(ti?” fafRrs deABY é‘t't?SShOfolFN -beta,

thaft %S b QAo PepideSwWRES Eertéihﬁﬁe td@sﬁe'a%ldkfgﬁﬁﬁéﬁtlvwléé@ﬁéé@fhble e.g.in
ch as isofornms |1 g@& g4, or ot her

thec P'S@%S& Jdepqigeq @K’)P‘é?r Fr@menfsoma\éi%%% ge qt%p:,qr%b)p FEPQngsamino

acﬂ@)frohﬁelmﬂ%ﬁﬂrdf Gh® imdBéulel aRF te@tlnghﬁlb%ﬂﬂtbnt for its properties as a
homorul tineric. Methods of preparing inmunobl obulin

reqegior Gaopstol EqteRses i IRABYIAY i9e tamaingy apid &t lime figm ehes see N-
terfindl &thd CORIhiTal2f 4 p6iySbpiide 48 kKhoweh, @Ad @(5 @é’t@ﬂnﬂﬁﬁng fragments which

risi | FNbet a_ noi eties are descri
ret?'ﬁ% 'reC%J@O'Bg'@% getiviig may\Rp A§EHINg39-9oip ”Wﬁe%i@%’z%"&?% by Youcefi
et alf, 168BTBAY inva sl ridink @xbdtineptlisigent | nvention refers
to any subset of | FN- beta that i.s, a shorter
whi XYﬁ/ P dipe; Present ey epias; rreudss; rSF%l?'Qaél ”EHWW?W%@% the Zbove-
defifRASIEF PR Es, EheBe dbﬂ/aitlhe% r’ﬁb)DQ%Bé’ nf4a8 G ichR@nfdal Brotein synthesis
Fragnments may read # be prepared by renovi ng am no

mefhqdgSviichue wel h@wnetﬂ og¢ skiled HEF@lui e and testi ng the

resultant for its propert| es as a receptor agoni st.

Eir ? ﬁ@?ﬁgﬁeg%&?ﬂgﬁ%ﬂ% ﬁl’é:%g'] ?c@?iﬁ%t?yg?tast?vet #ragmént or fusion

pr@¥6ihipeebi Eevieg e N-betanactiaind |§@reﬂe’faalyradmmmtefdoagymeauy and
desired bio acti v

tain th
oreleie Bl PettoBeqy st i MHETUBGHS e daA s ERn SRR (o n slow
reléehse. fdrﬂ&fatuoﬁé)d ||1'1th1(/@th1$$ @8l Yintr§udanifle epiuedl] fEdant redfal, and
enti ongﬁr OVJ des reconbi nant

h% q gr esent %
'”t'i?é‘? JeHere "HB"Q & PEGUEEEIIREY deri vati ves, these
der IAV@toltheeSthEp’eLmb@l? dificadnde rdnyte ©p ay@Mmistaned rrmy@nsﬂ e used,

Si re we e
forSeAaR, <prorptr 7 duch PRI cor oDl RsiEy A Dk gene therapy
whetie bi BN otz uleveicbiig tRCIFNViSeth isagiministedsd fotde @atient (e.g. via
r ot.ei f]her eof | EN- bet a va[IVI

a BEGr e lsh JouamiFIV e e Sy Rrer A Speraisgin o

IFN-beta may be formulated as a pharmaceutical composition, i.e. together with
a pharmaceutically acceptable carrier, excipients or the like.

The definition of “pharmaceutically acceptable” is meant to encompass any
carrier, which does not interfere with effectiveness of the biological activity of the active
ingredient and that is not toxic to the host to which it is administered. For example, for

parenteral administration, the active protein(s) may be formulated in a unit dosage form
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preferably subcutaneously or intranuscularly.
Intradermal, transdermal (e.g. in slow rel ease
wo ooomobsabi ons), intravenous, oral, intracrani abCT/EP2006/065830
epidural, topical, rectal, 1and intranasal routes are
also wthin the present invention. Any other
therapeutically efficacious route of adm nistration
may al so be used, for exanple absorption through
foraRjebthtl ih alkenieles %UQ@EQ%EI‘W@ dbktRosE &DIUA6N, B3er@h R UNIC BAR Ringer's
wherein a DNA nol ecul e encoding the I'FN-beta is
SOWHPR-ni stered to the patient (e.g. via a vector), which
causes | FN-beta to be expressed and secreted in vivo

| T B (e MhaPab a0 BERtiGarasd 8 eSRds RASh1q eapliorate, alleviate

sy@PIERRS| dliibte | the . cARERINQT et ByrAptear Beee Usn C@'téMporary or
acceptable carrier, exgié)l ents or the |ijke.

peH%?rieﬁF ORER O 10 BIRYTHeRI TR (B POPRRRS! %fb‘l"yé“pt?@s b dhst named

dlsfoﬂje@féﬁ BOMMTH. ARY teFAl freSimentHsClbet PR EeiMBlso leﬂb(ﬁﬁiﬁﬁsés the term
ef fectiveness of the biol ogll cal activit

Wi th
prﬁ&?rit\‘?ﬁ 97T SRCEIRT - AALCN af 9-sTABTESIESKPY: d?'éy'f‘ééh%%?ett% the

syMBiots dftthd Gisrelsn telash@m@aily sfo@rficeaxmne, Tleafmdh bEIRE @isakder is,
adm n| stration, the actjve rote

n
e-g-oMRNifesteciPY A deaiAse 'Bd§%§¥ PEPT %%(SOF'ﬁngc‘f“”bH‘q fysorder or an

améfBiaGbesf thel edbcagreirkionthe SYMptanPSEr tﬁ@Hlﬁlbﬂd@ﬂ, serum
al bumn and Ringer's solution. The term"treat" or
"treating" as used herein is neant to aneliorate,

al | vk absageypiifBRrede bb BINGRIE rilih|€ abkseat toodh iablividd& may vary
t enpor ar

tons either o er manen
aepe IR & v e TP ABpeap i ey iR teprepRges. the
rou’tamgdzﬁmursgtra&ierr getiefOEsHditions and E;ﬂata@t’dﬂbfldsr @8k, nejat 'bo@swelght
e rel 0O enco asses the term "preventio
el S EBRE O GBS CopeTent AP Bk D SHPEY Oy Phagment.
Ad!d@sen@rﬂseﬁid m%nbhﬁtléryﬂipfeéﬁﬁhshfedtdt%agle saigéermhp ba determined by
mallry rQinlflcant extent. Treatnent of the
thcﬁ’? k thgale g, manifested by a decrease in the
Prefgired Gﬁ§esa§r$cDﬁslgaﬁ@r¢ WIatd&oﬁdhﬁcéjwﬁb)rtlﬁhﬁbre@éntaﬁventlon are selected

rop g e tiptmal daeAE A meeh pCrR e e ERRFav. 12y

(44mncl) phiy, dodB, 8B®nc@r)1 thradi timebualweery 24 My (@e pexgylidagy. These
var act o i ncl udi ng | FN- bet a

on
doSfAr R Rk T e GG PRl o ite. of
admitns atsbairéfered pRhdrainistes OFdibeiacdts! 08ndce Edbac2 e M3t oree per

e age, body wei ght, health, size), extent of
We%gﬁPE%aB}&‘g?u'%@ncur rent treatnments, frequency of
t r egheeaily. doddj usdyratgot beagmbrrrardnmﬁdaidsem ooih sastamet irsibaxt form
eff{atﬁ@% Stob?alrg?ﬁc’ H‘a 91 reg resu q’}selég]cgn%dorbgubtsggfeent alélmlirlisqgatibrl?s can be
performed at a dosage which is the same, less than or greater than the initial or

previous dose administered to the individual.

According to a further preferred embodiment of the present invention the treatment with
IFN-beta can be combined with another drug that is useful in the treatment of MS ("MS
drug"). These drugs can be administered simultaneously, separately or sequentially
with recombinant IFN-beta. For example, current medications for MS (MS drugs) may

be modifying treatments, i.e. modifying the course of MS, modulate or suppress the



10

15

20

25

30

Preferred doses and regi nens in accordance with the

present invention are selected fromthe group
w@oogiosiopng of : 12 ML) (44 neg) of |FN beta tpPCEEP2006/065830

times a week, 12 ML) (44 neg) daily, 24 ML) (88 neq)

three tines a week, 24 ML) (88 neg) daily. These

doses are preferably adm ni stered subcutaneously. It

is also preferred to adm nister |FN-beta at 100 neg

m(n@h@gyt/sté’rﬁ Whis, MPBESs ﬂ:ﬂﬁm‘ﬂ‘?@ﬂﬁebrﬁlhé 8MMe prdsdhd iMvenliB® include
dai | y doses may al so be glven in divided doses or in

G'%tur%qrar eEtpte éPRRene@rimedy) &8 el @s the dh aPRrovert desired

imme s upBresSIRG ARM f@ﬁw&gé’ﬁﬁ@M@Mutéﬁéﬂt%hé‘(ﬂ@lﬂn%ﬁe@ Ain@&).
performed at a dosage whi is the sanme ess than or

F“&P%rﬁioé‘? dryprndaedeveiapmant f?f tsrierAip e Oélk@em%ﬁ? ﬁf“gioé?‘éd

act&ding o thePrédedtimbentidr CAIHIBSphiAgasind!l phespratefsars)@eceptor
enbodi ment of the present invention the treatnent with

agP@RLSb%{eéedc%ﬁPt'B% "%Wﬁi 'HEWW%‘WP%??@Pﬁe?d%OE'Qetdﬁé’fmria§e

inHitsiRk v |nmn@rt@|dbnmat;nﬁnaho&6nd}/§qt(bowﬁs% mgce)n suﬁﬁ&sﬁa%k&S‘Hz
can be adm ni stered simultaneousl Y, arately

PrIRRfne Y iCKINES SRMPRUPEHER IR eP‘PrﬁS?i%ft‘ 8 T%Pm@}?élﬂ%ﬁé‘)k'”es
anfisPak oy agBsts cmpmrgmtérﬁate V&cephdp aftld@Bikts"RMibRE s P U CIAN-Ng

treatnments, 1.e. nodifying the course of MS, nodul ate
exgesioh Bt E_0qYRE ﬂﬁm’d@a%@mnmaQFﬁa%agewsg@ﬁ'a@m}thw. fctor,

cathBBsiBanhibieorobnd METOX iARIBAGrs ] THRNMBARudS\GitHiie meaning of the
A ati marer Acet ate (Copaxone(r), Angen) as well as the

PreseAl IBpEItigY &¥!UdRunosuppr essi ng drug for worsening NS,
- AMlép@éﬁéiﬁ/ra@@ﬁts(lW E LS )d.azéﬁ@ﬁ NPiracktahi élﬁrdahtralene For

s under deve ment for the tr eat nent of
eX%'HB SUigPaRIEdY ?ﬁlﬁ‘ﬁ@g gy PhHAIFINELAE N AYWRER Brihe &ﬁ'e}“{'”gﬁoage
rarfge8i eséNep b ’ﬂf@Qﬁ@B@tcﬁaie@éme)p tb@roeﬁg B6, Fae&hEt D to 24 mg

al tered peptide |igands, i nmunosuppressants, adenasine
Pogdafitiolpae &Pith PR Mg lanalrigingrim iy Q/idﬁy AUz IAIMI
poaﬂ’k:alnbm@ §stot12 nlg pé, eildmdsm lﬁ@gbeoh mgfw ﬁetaTH'Iﬂ'ckﬁfsC(e}gt _ﬁ)_ﬂﬁ?anolol)
C i nes, un i nhi bi ression o
“p6¥ 8%?19&5’ Emrg%pﬁaé’g”e ‘é‘hﬁ ’Q@S?Pr %ﬁ%ﬂ%ﬁl@ﬁye to AR#pRg po and
Cagrhauirw’@t(g §.ereRibfol)apttagang .S, | nhl bi tors of VCAM 1
I‘eSSI on .or anw on i sts

I ts
- ARt b5 SRS e BTt Fo P Pie, ABKARYprssuch as
cladﬂbuhblnte@rb% ANdnistErda tb AMHURiENaR 3. dogég&ran@@up‘i (007 Wig/ty/day.
I Nven

- MR SERGS BeDys SUBRE R RED ey A P ETE i G BpAer o
ex@placedyes admindrindd 1l LMenariara dsag®tage apto 2PartdcC bt ¥ to
50a en(tés may be admi nistered in a human in the foll ow ng

- AMPA glutamate receptor antagonists, e. g. 2,3-dihydroxy-6-nitro-7- sulfamoylbenzo
(f) quinoxaline, [1,2, 3, 4, -tetrahydro-7-morpholin-yl-2, 3-dioxo-6- (trifluoromethyl)
quinoxalin-1-yl] methylphosphonate, 1- (4-aminophenyl)-4-methyl-7, 8-methylene-dioxy-
5H-2, 3-benzodiazepine, or (-)1-(4-aminophenyl)-4-methyl-7,8-methylene-dioxy-4, 5-
dihydro-3-methylcarbamoyl-2, 3- benzodiazepine.

- Cathepsin S inhibitors. Cathepsin S inhibitors, e. g. a compound as disclosed in WO
03/20721, may for example be administered to a human in the dosage range 0.1 to 100

mg/kg/day.
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ranges: baclofen up to 100 ng po, diazepamup to 20 ng

po, piracetamup to 24 ng po, dantrolene up to 100 ny
w@oqo7lozsyet ri gi ne up to 100 ng/ day, riluzol e upP¢DERDOG6/065830

ng po, tizanidine up to 1220y po, clonidine up to 0.1

ng po, beta bl ockers (e.g. propanolol) up to 160 ny

po, cyproheptadine up to 8 ng po, orphenadrine up to

100 ng po and cannabi noids (e. g. dronabinol) up to 5

-|rﬂB\uﬁ<§globunA@@0§lééeduétq’&@uﬂaﬂsuﬂorb@ymgg@fﬁlay 60 5; 1273 -81). For

cl adr] bi ne or exanple, ADA inhibitors such
ex@MBl§r METHOIIRRY!INE ”h%’rﬁerﬁcg‘i!'@ﬁ@éeq B 3 UMARER auqcesag%@@a@ gp to
4003y Wp to 0.07 nog/ kg/day - Altered peptide |igands
such as gl atiraner, . in the acetate form

- Managlppal melibgdigs gy QWSeT ﬁed&ﬁbﬁféc%\m%‘f‘ﬁ’ir% Ced-tptalgunahuman
(Arht@ r@ndoﬂ'@%rlﬁ'ﬁ)r&%léﬂrﬁluiﬁnéw Fagemapl@rmmcbﬁal%um.mO -
Iutanate receptor antag oni st s,

va@OL@ poer{wrfaﬁs%/ merkers 1BY be AATINRRTEG TRy inythe following dosage

rar?é’sfhgiﬁﬂizdrﬁ@o ufd tohm@k%ﬁ/ alemtuzumab up to 30 mg sc or V.
t et rahydr o- ol in-yl - di ox0- 6-

- Tﬁ?rqr?mﬂtﬁ}gcﬁ%fﬂ??)‘e @u“— ﬁ’dkélol ?\r CP”]HO]J”‘#EWWW BhbEsrpiegsian of
TH]1 prérﬂoﬂ‘l@ dyRINRRBYS Y- %ﬁ?ﬁﬁéﬁ&as@mﬁﬁt@%' &L pEhtBXiHtine ;

, 3-benzodi azepi ne,
'artlotqu% JTERIAGBRBAVE) Clori e ipta Bogkert CHYPRRRiaine gyRhgnadrine

or anrfhb s OF - eJ%E.tnEbél TAD ipajming 2ytoRined ﬁﬁz @dlaﬂﬁﬁm»t@r%d toa
itors. psin S in |b|tors

Cat hepsi n S.i nhi
huevae &r@@dﬂ!ﬁ’wé@ ¢Asags FeaS: #Ln4 Mbt?)%u%sﬁé 10riL-1hyp Po%ﬂp 9/%9 SC.
Coﬂi@@ﬁﬁbﬁwh@h amm.traxgiegglaﬁi of PHA pRBaRA lcytokuh@s slapagans ange

to 100 Innuno | obul.in
pha%%ﬂeg@aa%eﬁ”%mgar BP%@’;‘/‘ yllipg gy ”B@'S'@B%d In fi%@"%‘l? a dosage
mﬁg&upﬁﬁaﬂﬁbgo i mmunogl obulin G may be admi nistered in a
a dosage range up t

Q /kg I'V. - _
- 'W@&ﬁ Qfﬁ/eﬁA'\éﬂt‘%X §Pian of gnt %?W'%ﬁgp'ﬁsﬁ%@r‘& & §r prfagonists of thea4
| inteyrikens\-4 8nd/ ok alpwet albetzaumkbghﬁ@teegr SRbiiZIInab(ANTEGREN)YT) )

or. al ent nab. nonocl onal, ant ' ta
- PP eorFROBET. strfrasca R REP SR A D SHesiHD LEBPEAPOA] (o
thet’ithhbﬁms Ads Bf fshmlé othle@eWh)nglgde?SAg> g ahe Bahpdundy Iﬁﬂ%{_ﬂgla 1
(0] al e uzuma (0] S -
tnesS BT ONe Bfe Bich e coghging Lot Smule Vagt e steas
W@b:E/OVBQ'r?Ef(bJE;i. the@oRTpRERdOST ferimulalthpFediDIPITD28189B8I (B GSthe
e.g. odl erase. | ors,  e.
cofaflinghas DR et vy P4 E 4 lerd. 45 gipoungs, af fgipide 1t and

IX eHepesth)d Snﬁabléiatb@gbk ank &utes of v miistttias caebe AyaaNeaRe from the
or cannabi n exa ronoti ng cytokines

abﬂ;é%/r enced. grt%gl?tgg(g ritfe al%pvle?merm:)%eg compoundg
- mTor inhibitors. For example, mTor inhibitors, e. g. rapamycin or a derivative thereof,
e. g. 40-0-(2-hydroxyethyl)- rapamycin, may be administered in a dosage range varying
from about 0.1 to 25 mg/kg/day.

- Anti-Macrophage migration inhibitory factor (Anti-MIF).

- Anti-inflammatory agents such as anti-inflammatory compounds described in US-
5540938, such as Fampridine; anti-inflammatory compounds described in WO
01/45698, such as Simvastatin; anti-inflammatory compounds described in WO
9967230, such as CDP323; anti-inflammatory compounds described in WO-

2004043965, such as MLN3897; anti-inflammatory compounds described in WO
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human in the foll ow ng dosage ranges:|IL-4 up to3llg/kg
sc, orlL-10 up to 20p. g/ kg sc. Conpounds which

w0 ndoi7loet99expr essi on of THL pronoting cyt oki nesSPEVEP2086065830
t he phosphodi esterase inhi B2tor pentoxifylline may be
adm nistered in a human in a dosage range up to 4 ng
po. - Inhibitors of VCAM 1 expression or antagonists
of its ligand, e. g. antagonists of thead4 | integrin

030kdr14; é‘rﬂﬂ%%m@b%@c&n&ﬁh@s deddAbEIN WS 0 B47920; anti- mﬂammatory
nat al | zumab( ANT - S 1P-receptor agoni sts, such

CO@@O@%@%@&@H%W%Q 0P8230, grerasiResker Rirepgone Gkl
.nf@ﬁmgatorw&sm%mwéd&.&fd i wmb@emt Qﬁjhedsf)aah B GAB3AL

. the conmpounds _of fornula |1I
'”ﬂ@mﬁ%@g@%@% deperibeddmpR4<8856. ?L&PﬁlTénﬁ%l'”B’ts b

inflaf@i 26 )comPblisQiea8Had(e W 99)5667383 @Wﬂﬁ@a@ﬁmﬁ@ﬁ TahHtia
Vt her ei n), JP2002316985 Ee?%a he co for nul a

'”f@mn?at‘?rﬁéP@lpHB'”ds\ﬁm?ﬂbZ’giﬁ 406nW Q4 W§1 @P d WO
200000805, &ddh ATdndofinfol eArei-iRtlam Bbiohadnth AR 88sriBEWin WO-

routes of adn1n|strat|on can be readily taken fromthe
02088374, sush&selesilenamyeeinent s for the above- nenti oned

conpounds. - mlor inhibitors. For exanple, mflor

inhibitors, e. g. rapanmycin or a derivative thereof,

e. g. 40-0-(2-hydroxyethyl)- rapanycin, nay be

A Wﬁlcréhsélﬁi\rc% driveRrifQFERAS of g e sMﬂibé(ri Radiy @eahedidnd. 1
Anti - Macro rati on

pfffsﬁﬂl?fb h@&ﬁfﬁgtfv&%l‘zﬂ“ Arfpe S'W'@)aCPvea' ﬁd'%%ﬁrﬁamteﬁi}ev'ate
codftendraar@dtifie Pogédsl ofltmaf domameh omm.m BRIHSH desievihdged
in US- 5540938, such _as antij-j nfl ammat o LP{

copeRyBlian tragive Hl%eq'ﬁ”tﬁ\b'tgg/tﬁ%@@ge tha ¥igldgfhicacy witho

toxHitfegirat anegimehibabe bratheBirRtiys STAAP astivdsndiledisrits Beslabilty to
WO 9967230, such as CDP323; anti-inflanmatory

targgl6einds described in WO 2004043965, such as
M_.N3897; anti-inflammatory conpounds described in

V\a) 07071 11‘ I H |%{ Lamt ory. C@ ounds d cr| begd‘ H h
YiRg 5 Iully Hescripatk s fRyapionyt ¥ %889{893 8 %F“PB% lie in the
art\/ﬁaf Pfﬂ{eoﬁéiﬂécbansb& beﬁ‘gnﬁgs\}ﬂ&f in Enl (ﬁjvfd@niaﬁgél&)f e%]ﬂtvalbnt parameters

in nds descri i.n WD 98
B N A e R AR Y R
ana mntMmt Qm%(ﬁer|memdl|oﬁs Tensi r ol | mus; antiinflammatory

In% escri bed |i nﬁ}% 9%/ 5678, such .@s - .

C QTP Ba ™ AR T HeAmAEESPS? CoBBERIE BarFBRaTppiiment
th&ébf7|2W|||4%6una\é@tc2>aaﬁét0t2|8&5ﬁam df MiEhetQnddifitatictis 1 This aipgiiation is
mt?rfgeg\kj? gover any vang onls_ bsr(]efs o?rargattaotﬂ%s gfo tﬂg?nle/gr(?t%nqq%%r{g?%dgeneral,
the principles of the invention and including such departures from the present disclosure as
come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth as follows in the scope of
the appended claims.

All references cited herein, including journal articles or abstracts, published or
unpublished U.S. or foreign patent application, issued U.S. or foreign patents or any other
references, are entirely incorporated by reference herein, including all data, tables, figures
and text presented in the cited references. Additionally, the entire contents of the references

cited within the references cited herein are also entirely incorporated by reference.
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02080897, such as Teriflunom de. A physician,
clinician or veterinarian of ordinary skill can

w0 eadiokspotet er mi ne and prescribe the effectivePenBPIWG/065830
of the single active ingredBents required to
all eviate, counter or arrest the progress of the
condition. Optimal precision in achieving
concentration of the active ingredients within the

r angRfehdiRb o kitSm@hdd S5 cHIVERRINEI rhétiddsl didbs! BRBWNMRgthdis or
regi men based on the kinetics of the active

copyegigl ertrodgyigi MAANY VoY 139 BYPIigEeN dhatedly PRRFCH fleseiRtion or

erfbdbiénts & préRet hidrbioh iR\WRBlos&) taught dMshd,geB@d aptﬂé RGdAhesH.
by those skilled in the art _that the sanme

be
per fTB? fRERPOIGdeSFiIPEORRIdfee ?pgﬁ'ﬂ%eréﬂpo%%ﬁt%‘é‘(l”éﬁtfu”y reveal the general

na@:?é amhbﬁrﬁ\ﬁéntl&pihﬁﬁ%ér@tdaﬂnw a@cﬂylﬁg)ﬂﬁbv&lédg%mmri Ime Wil of the art
rting fromthe spirit and scope of the inventi

'”QH‘H”Q/\AW%B‘El“tterlﬁﬁ’ﬂéhee%%?”%érﬁtﬁ‘? |h8F?'” sl PRy andor atapt for

validiié esppliciom abicth 8patifdeshbdditshtd, withe it Bfdue Odkpélithéntation, without
specific enbodi nents thereof it wll be understood

dopdiif from e SRISEB ISP PP IRESSeRiURYSieh  NGHore. PR adaptations

an@Mddifeadondrard mitdriabeRsled witinCtay fhﬁeaﬁl’rh? ahalahgé pr@,uvallé‘h%Sof the
or adaptations of the invention follow ng hgenera

discirgeheTPRAPBIES baFedt Puthe ikAhie GRd awearrq%ar%f&nﬁa [firhy Itis'to be

und@@tabd thbemefph@%&&tﬁ/ P te@mealogy hér@|n0§ﬂfr‘&1e8\§1r;§6§%f ués*ch;btmn and
or cus oma%/ ract ce within the art to
gﬁr ﬁ@tlon is to

not Wé'\p‘]n?tﬁ\féh?'t‘%‘rlthﬂé?‘ IrH%‘O'SSB%IO @r%'oﬁéoﬁtﬁﬁlpfeéamt%e?'

be%@r@r&éoﬁdy tﬁ@altllléﬁ%‘ﬁtlsaﬁirﬂlgﬁhﬁftw t@a@ﬁ{gsfaaa bbld@ﬁﬁ:efrﬁésleﬁté@ herein,
e SCO en ed r ef erences

i AP (e ANoIESRE GRS G SHTPAIGR o Sbotr act s,

publ i shed or unpublished U S. or foreign patent
£ apﬁlication, issued U S. or foreign patents or any
ef erences, are entirely incorporated by
reference herein, including aII data, tables, figures

te ented in the cit references
Evaaatlnq é&eﬁ o § howtangaus Inferferon etao agn Axon Sug\mgal Hsing Optical
Coﬁbte@de%mbqr@pmm oRicaNenees cited herein are al so
entirely incorporated by reference. Reference to known

met hod steps, conventional nethods steps, known
met hods or conventional nethods is not any way an

adm ssjion that an ect, descri t| on or
otgtciivhe | Pudine ofRgah ShEnEo CuTBeatbetEdagReb N ona
losSI¢gB@&t Bdiehiyelidiing abm/@éunu@(@N é@ascuét@a @R ingtiple sclerosis (MS)
descr|£t|on of the SE 4%&0 errbodl ments will so fully

using\pekgel W?rﬁé’ﬁéP@Pgrﬁ D AchRe PHALBASEMNat ot her s
can, by applying know edge within the skill of the art
Mq%l ncl udi ng the contents of the references cited

hods: ﬁ'ﬁe p,a@%,upg}erw@a‘ 3 §taa¢@‘p @purgo%ﬂljnlthqdralp examination, including

visual acuity, afferent pupil defect, intraocular pressure, and color vision testing. MRI

assessed brain and spinal cord lesion load. For purposes of analysis, each eye was
divided into 12 sectors and OCT measurements were taken at baseline, 3-, 6-, 9- and

12-months.

Results: A 35-year old white male presented with unilateral ON in the right eye, and

was treated with high dose intravenous methylprednisolone according to the Optic
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various application such specific enbodi nents, w thout

undue experinentation, wthout departing fromthe
w@eoenzaooconcept of the present invention. Thepel/BP®N6/065830

such adaptations and nodi fiz¢ati ons are i ntended to be

wi thin the neaning an range of equivalents of the

di scl osed enbodi nents, based on the teaching and

gui dance presented herein. It is to be understood that

Neuhfs PRERFERTASDr&bcd| ETHE Bk AGYad ¥ Rbtbndtic i@ ovb e years then
se of descrlgtlon and not of limtation, such

praealedrHS OmiPRATDRNP BN DAMEBP NS MR et OCT

deﬁt@ﬁ@ttaftéd:ﬁhtarkemyloscteas&ﬁRNnt HidknetEd tlbé/néﬂ"t%yé khd bl RNFL loss
artisan in light of the teachings and %ﬁ@aance

in E‘Pé@é?ﬁtee&'pﬂefi@gﬂos'ﬁ Wit st iRg ‘?'%??'% Y. KeTv wiag gategmwith

métlﬁb@pr@ﬁm%léhé“@d]%wébb}/ Rebif s¢ Bemay tiw. \BSVRlGsdres improved, and
Eval uati ng Eff ect of Subcutaneous Interferon Beta-la

they'd A%éﬁnmegw'th@s?ﬂ@' TP PLICreashE FURRIEN BTN PP T

anQp&s SeMBhstididBedAh &sd Ax0hal 148 iRV N@Ht@ @f)ut%ﬂsloﬁfncrease in
subcut aneous interferon beta-1la (Rebi on axonal

RNFSIBiCKRfSTiin @ subsst afe*‘rﬁ?Qrt D pet 9d(6t RebiBRIaPY iwas (walfolerated
an@#FOsdtidherhsieeh r@lblh d- ﬁé@d@rﬂg&ﬁ@@sﬁ%( MBMthy SitAEutRIdeRdd of
coherence tonography (OCT). A case study is presented.
neyfRldgsionsThe patient underwent a standard

neur o- opht hal m c exam nation, including visual acuity,

af f erent _I_p defect, int raocul ar pressure, and col or
Copclysianst O&1Ti ing.reliaRle AYNOHIRYPSHEANTRNG 9 q%ﬂt'ﬁ\’éﬂg Hd
lodsBBNARI. |C9ﬁ‘5reh|’:rm{ar)05t5§é9§a%§n§fn @0 BhHHS sufBEN &Y BVl the

divided into 12 sectors and OCT neasurenents were
abgenicerd! glinigghsenptams. BENL thickngss igde ynafiesiedieye nMRygigrtesse
ové¥ tRms. BEQ/ﬁfenQé florihis %aé@ét@dﬂt%@@ﬁ& §deﬁ’h|¥:5‘l G@T l:ﬁ“ér%%@lm N may

in the right eye, was treated hi gh dose
bejhattpdarchrigntiady Fﬁ)’leﬁleéd%‘ihseé‘r'br?égéﬁ?ék‘fﬁ éﬁeﬁtﬁn%ot IRl beta-1a sc.
Eakp biagNedK hidd s%gTés%Wer@athrn ifth 1PN BERGRAY imPh&eRaid-Rivh clinical

was asynptomatic for over 4 years, then presented with
OURMeR the | eft eye and a | arge hyperintense MRl brain

| esion. OCT denonstrated markedly decreased RNFL

thickness in the right eye and mild RNFL I oss in the

| eft eye. Upon diagnosis with remtting/relapsing M,
ExXAMfeIEasi ent was treated with nethyl predni sol one,

folTowed by Rebif sc 44ntg tiw. Visual neasures

i nproved, and the MRI |esion resolved with a snall

In @8 e @bpRRKiSRAFAE high @3¢, HidH RitRlehd inekiodl th&ady: a serial
anal ySI S dermnst rat ed contl nued axonal | 0SS I n the

subset of sectors in the Ieft eye. Reblf therapy was
wel | tolerated

Objective: Optical coherence tomography (OCT) measures retinal nerve fiber layer
(RNFL) thickness. This study used serial OCT in patients with remitting/relapsing
multiple sclerosis (RRMS) and optic neuritis (ON) to assess axonal changes concurrent

with high dose, high frequency interferon beta-1a sc (Rebif) therapy.

Methods: Patients (N=18) in this ongoing prospective open label proof-of-concept

study were included if they had RRMS and unilateral ON and were excluded if they had
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and the patient has been rel apse-free during the | ast

24 nonths w thout evidence of new MRl | esions.
w@oocle®pons: OCT is a reliable and non-i nvasi PET/REBNG065830

of quantifying axon | oss/sasvival. Qur prelimnary

observations in ON patients suggest that, even in the

absence of clinical synptons. RFNL thickness in the

unaf fected eye nmay decrease over tinme. Evidence from

edterl?\la%f %Sﬁ)tléhe'r% aS HEQARd S @é&eehrremryarea@wmh@m&a_fmmr@ ON
hal ted and potentially reversed with

Paﬁ%@f? é@éﬁ \/%at%fi with rgpe NometheiRresisisglong (ME) agegrd &eg o he Optic

Ne@hﬁ?egﬂ%in%n@fl’fﬁal%@&!s&ﬂ SbiysweldigaearRdy ¥y RBoif &Mzhﬁ&gat.myated to
nprove |l ong-termclinical outconmes. EXAM

44@%'%@&?'68%@%@%%— (Rrcknessi s meRsaredAtgR SPP*QEM&H Gye with

Stﬂaﬂls&ﬁ(ﬁ'ﬁéplﬁhsbhﬂi 3py.-9, %néﬁQ'nﬂintl@Pbﬁé’d t- t@@t@%ﬁiﬂﬁﬁed changes from
t ono st ud y in mul l e sclerosis and

baﬁ‘%!'tﬁ‘?% P%Ch #pg Be'bt f\?éaff‘i%?q %‘%ﬂ unaiRreiPe fyes %‘%ﬂ%ﬁj?'éd\lﬁ' data were

anél foRBSHRE WiBlOORIN dh\9e typaeRed@ANSE (H4BNINkdease from
i ckness. This study used seri al in patients with

ba?"é'ﬁ‘?l W??@W@eélﬁ’é’ |Sﬁ@t°hﬁ”q nENRer Of resppRging %W}” A eve type.
optic neuritis (ON) to assess axonal changes
concurrent with high dose, high frequency interferon
Regults;-Quy pseli ”('F@,fb |°P§erVﬁ@P§HyONI\?@f'%§i§U9Q9§E %@hﬂrsacm_@my rapid
axbiil id3k ) PRGAEAEd Q{/@%ﬁgﬁts Yy PREE shiRical axonal loss in the
proof - of - concept study were'included if they had RRVS
C“@?ﬁl%ﬂﬁ?ﬁ%ﬁt@ eNe. exeraindhaehsenes ef cineal symptaves, AthereeRrL

thiBfnebd 8e<995§e‘€1 ﬂ(:ﬁn%l@%%@io'rsﬂl?y B MoWRsanA ¥ Jefdhd By last post-
treated w Patients were treated wth

baﬁ%llnse“sit\WFh@t T?W”Brﬁtééi)ﬁﬂ stnieaiy a(fﬁﬂﬁ’?d ax%oplmlqu P@affel‘?@d eyes had
no%n'lf%amed%hééssat-ﬁrrﬁéﬂtﬁ?&tIa§7rr|do§{ bdehioOggt ., fol | owed
i mredi ately by Rebif at 22 neg tlwtltrated to 44 neg
tiwwithin 2 weeks. RNFL thickness was neasured at 12

Co%%ﬁk%r% BRI ré%ﬁﬁ%wdg@stﬁhét%e‘éﬁnmltﬁtm@%&hleB‘iPma%tamsﬁRNFL

12 nonths.” Paired t-tests conpared changes
thigkneas Indbe Lnaftectas eygcemdimavetherebnpravisie aafidusenrelgctivegeffect. Our
e r
ool LS B0 B AGRR Rty MBhadeLRONSER 1RSTY Ll frand
agpiessiva ieatmeninvbieh endyrrigw-dlawn. aiedtl apges phigntially treersengiibclinical
oHERREOMh 5ISRA REE bRftSr by -RAMDEYRsiY Pe:
gﬁf@e rkhr prgﬁwgg%ary o s%r@%tloﬁg |nS ON patients
suggest that, in addition to rapid axonal loss in the
affected eye, patients may have subclinical axona
loss in the clinically unaffected eye, even in the
absence of clinical synptonms. Although RNFL
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t hi ckness decreased significantly in 5 sectors by 3
nmont hs and 6 sectors by |ast postbaseline visit (up to

wda2oomoesobs) in clinically affected eyes, cli nieel/ER2006/065830

unaf fected eyes had no signsficant changes at 3 nonths
or | ast post-baseline visit. Conclusions: Qur results
suggest that treatnment with MP and Rebif naintains
RNFL t hi ckness in the unaffected eye and nmay thereby
proygLden@ neuroprotective effect. Qur data denonstrate
the utiTrty of OCT in early diagnosis of ON and M5,
permts early and aggressive treatnent, which may

S{.OW-H&aWSY foPpddin &Iﬁcﬂaﬁéntmg@n@d‘éﬁt@nbb(ntléWﬁ)’&%p‘h&h&|thé‘éé€1@bntlal

OCT changes in ronote better long-term
pr oGheigpianepyq agginistraiong H%WFW?OSPP@S?%'Y%C%“R?&P? an¢ an

haviriaferit beta petein Whereln@hd infePaRhibetaGotb@s SREINSBEda a
or sinultaneous administration of an i munosuppressive

comfuHaMaPel dpsr Amas? BAD BeMUpr ot ei n wherein the
interferon-beta protein is admnistered at a
cunmul ati ve weekly dose of npre than 12 ML). 2. The

uée T8¢ “%Oflaﬁt'@?ﬁfeé?rbﬁetﬁ gpoeinindiemanyretyrg of aERdrameniiy the
of geam@dhCaERAtert aav.ﬁd&;t.b hEREEON) @mpAsifgtiheestiqubraisi 61g

optic neuritis (ON) r|S|ngthe sequenti al or

si maMUlRRESHS a%'l'?isﬁ?’@t"roétai”dﬂm(ﬂ O%’ﬁpfeﬁﬁ'u?lﬁ‘%rﬂﬁ?ﬂ‘ﬁﬁpv‘%here'”

conmpeURErfaBabwR FRiA istdaminigiéred bed aimdiaha weeity: 8b5d of fore than
adm ni stered at a cunul ati ve weekly dose of nore than

12 WMY3. The nethod accor di ng to any of clainms 1 to
2 , wherein the cunul atlve weekl y dose is equal or
nore than 16 M nore than 20

ot nbf @ethﬁ’ﬁﬁ‘?%d'glﬂ P)aﬂy eaﬂ%ﬂnsdrio R Y o 02@1“ Y& “%ek'y dose

equw eqsl dmfoﬁe ﬁhb@me RreU, MqLal.or &@te&hamzo MY, @qlid anma.@ than 24
M or e mor e t han ?1 4. The met

accoldi %jak ”Qfﬁ/tha? 28 MY, pgua °f EFOE?t anprelVEy, ﬁq‘t'arl@r fBBfﬁﬂ&a” 36

neumMitj & e@@Npr méreanzheqm@IU. nat i ng optic neuritis (DON).
5. The nethod according to any of clains 1 to 4 ,

wherein the patient does not have clinically definite
mul lTh@ hettea |aeétﬁ@ih§to(aﬁ§)wﬁblalm§_-1 td BEvHER&iN 0@ cRECILBLINDN)® a
erein the patient is not at a

hi gﬂemyépat{gp OBE%?L‘BE;? @&“@ inically definite multiple

sclerosis CDVMS according to MRl criteria.

5. The method according to any of claims 1 to 4, wherein the patient does not have

clinically definite multiple sclerosis (CDMS).

6. The method according to any of claims 1 to 5, wherein the patient is not at a high
risk of developing clinically definite multiple sclerosis CDMS according to MRI

criteria.

7. The method according to any of claims 1 to 6, wherein the patient does not have 3

or more, preferably not 2 or more white matter lesions above 3mm in diameter.

8. The method according to any of claims 1 to 7, wherein the patient does not have a

white matter lesion above 3mm in diameter.
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7. The nmethod according to any of clains 1 to 6 ,
wherein the patient does not have 3 or nore,

w@e@eeabl y not 2 or nore white matter | esi onsSPEbBE®06/065830

3mmin dianeter. 8. The nmethod according to any of
claims 1 to 7 , wherein the patient does not have a
white matter |esion above 3nmin dianeter.9. The

nmet hod according to any of clains 1 to 8 , wherein the
pati ent does not have a periventricular or an ovoid
white matter lesion. 10. The nethod accordi ngt; to anx
of- dhameinod aceprding togn PE¢IAMeHdo Bnvvheseir theragig)t iges nothave a
nmanpE@ehtritiart ol oGs@whRe s Isdehve. 11. The method
according to any of claims 1 to 10, wherein the ONis
not clinically manifest. 12. The nethod according to
afy TRé rﬁékh%ti BEcokdifiPtobhy oPHIAME Ao b ehekdih the ONNisichfitaRy B@nifest
clinical tom 13. The method according to any of
cl al'r}%"'ylorle nﬁ‘?‘ NgMerei n the patient has a decrease in
RNFL t hi ckness of no nore than 30 mcron, preferably
no nore than 25, 20, 15 or, 10 m cron in at | east one
el The methed greasting o any gheidimat o 1% whergin the O not clinically
accei=diretg to any of clainms 1 to 13, wherein the
patient has a decrease in RNFL thickness of at |east
10, 7.5 or 5 mcron in at |east one eye. 15. The

e, ITREl M€ o8 8EdMding © 2P Yf Qdime |12 I, whetdh thd ONVB @h ®lofitddhe
interferon-beta is interferon-beta la. 16. The nethod
accOfRhY PP Sny of claims 1 to 15, wherein the
interferon-beta is interferon- beta 1b 17 The net hod
according to any of clains 1 to

he
i m é[ he Ae d@@‘fo'é %q torany ﬁf ?|%Im§drﬁ) r’lﬁ’z é/sfhvgfeéathe patletnt has a decrease

submwmwﬁmeés ofl&o méfandred @Rt prsTsHabIY nbnckBYhahif25, 20, 15
clalrrslto . wherein the interferon-beta protein is

adnPhi %W%'”l%{eﬁgrﬂﬁ@@&? gt onsgt o gAY -hod accor di ng

to any of clainms 1 to 18, wherein the interferon-beta
nodi fied interferop-bet . . The met hod

Tt SPamRipor Goomig el Y 21 R T T meliie M pA ks a decrease

I Nt @7 RRFIOMicRESsa of & Iéast (01 F-36t 3 MEromiher kestoRebpd a. 2 1.

The nethod according to any of clainms 1 to 20, wherein

the long-acting interferonbeta

15. The method according to any of claims 1 to 14, wherein the interferon-beta is

interferon-beta 1a.

16. The method according to any of claims 1 to 15, wherein the interferon-beta is

interferon-beta 1b.

17. The method according to any of claims 1 to 16, wherein the interferon-beta protein

is administered subcutaneously.

18. The method according to any of claims 1 to 17, wherein the interferon-beta protein

is administered intramuscularly.
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is selected frompegylated interferon-beta or
interferon-beta Fc-fusion proteins. 22. The net hod

w@emaonesopg to any of clainms 1 to 2 1, wherei n PAEEP2006/065830

interferon-beta at is dosedsat |east at 44ntg s.c. per
adm ni stration. 23. The nmethod according to any of
claims 1 to 22, wherein the interferon-beta at is

adm ni stered at |east 3x weekly. 24. The net hod

L Fhé inaehol @cd@Min®fo dhly Bf IBMS 148 18 Ivhevdieiheiinlertdiéh-beta is a
interferon-beta at is dosed at 44ntg s.c. 3x weekly.

25. MPAECHIBHISEP REbr ding to any of claims 1 to 24,
wherein the |nterferon beta is titrated to a dosage of
at |east 44ntg s. y within an interval of no
neft dhe MgHd @C%%g topﬂnéPé‘F'%lB‘FQ 29 rdieesin hainterfefonykgiais a
af t @hglefiny inakéronbeh. treatment with an

i mmunosupressi ve conpound. 26. The nethod according to
any of clains 1 to 25, wherein the i mmunosuppressive

CRNMAY RfétHod adecrdifg @ éﬁ\?/ @mm@mdo 28 Zlvheﬂ_é'\ﬁthmnb%tmg interferon-
accordlngto any of clains to 26, wherein the

ot ePBRG ARSI POy GisR dpdsiot- et RieTgfogustadie-fusion proteins.

met hyl pr edni sol one, prednlsone or dexanet hasone, or

st er oi d- secretlng agent s q CTH. 28. The met hod
e SPEIMRYOf Geepigng o oy & Haim 1; %%whemth@merf%@ -beta atis

St eqeded o RABIQH Nt s 8Rehxdriihiegdtios 0l one. 29. The net hod
according to any of clainms 1 to 28, wherein the

adm nistration is sequential. 30. The nmethod according

tzm. arny nietholagédi@ind totPy 3BclaiB are bR iHeesim@ginirkdrpbdt® 8t is
of the imrunosupressive conmpound precedes the

adnPANEsiest]d Firast ¢ weekint er f eron-bet a protein. 3 1.

The met hod according to any of clains 1 to 30, mherein
he _i munosupr essi ve coppound i s_adm ni ster%{_ge

| %4a§ fe s @S peiodny aﬂ@%msééav 2FHHEerRi 1B PR *Eﬁt’ﬁ gtis

t 0 abdkdadt 44heg 8. 3k vieeklg. 1, wherein the

I mmunosuppr essi ve conpound a steroid conpound. 33. The

nmet hod according to any of clains 1 to 32, wherein the

8%153 Taé ehe@RTROEUNEING B ¢ BT Ohimkarneds, iWheaéncmé dﬂéﬁb@oﬁ%elttiﬂ is titrated
r Tr nt Tri ONTT
the to%)dos%ge O#J t IetastS 44mc%astcngx \t/veekly W|th|n an mte%var)of no more than 28
days, preferably no more than 21 days after termination of treatment with an

immunosupressive compound.

26. The method according to any of claims 1 to 25, wherein the immunosuppressive

compound is a steroid compound.

27. The method according to any of claims 1 to 26, wherein the steroid compound is
selected from the group of methylprednisolone, prednisone or dexamethasone, or

steroid-secreting agents, e. g. ACTH.

28. The method according to any of claims 1 to 27, wherein the steroid compound is

methylprednisolone.



34. The nethod according to any of clainms 1 to 33,

wherein the further M5 conpound is adm ni stered
waeegaeedopnl |y or sinultaneously. 35. The met hoRPICT/EP2006/065830

according to any of clains24 to 34, wherein the

further M5 conpound is selected fromthe group of

sphi ngosi ne-1 -phosphate (S 1 P) receptor agonists,

altered peptide |igands, imunosuppressants, adenosine

OB Thé Aot BBk PloSany bMVCIABY RO 98, AetdinthEadmPReskanal
antibodies to T- cell surface markers, TH2 pronoting

cyt 8R§Y$EE- conpounds which inhibit expression of THI1
pronoti ng cytokines, antispasticity agents, AMPA

gl utamat e receptor antagoni sts, inhibitors of VCAM 1
edbreg gieldied @Pcoéﬁ’if‘%@@}ﬁ‘b’é’?‘ga'ﬁ)‘ﬁ Titp 29, \hgeainythe gemjnistration of the

macifi Gﬂﬁ@pr@&ﬁie&fo@ﬁurﬂd“&b&db@ te dapfidisifatioGHMeREHBroSbeta

i nhi bi tors and nrl i nhi bitors.
protein.

31. The method according to any of claims 1 to 30, wherein the immunosupressive

compound is administered in at least two separate dosages.

32. The method according to any of claims 1 to 31, wherein the immunosuppressive

compound a steroid compound.

33. The method according to any of claims 1 to 32, wherein the steroid compound is

administered in accordance with the Optic Neuritis Treatment Trial (ONTT) Protocol.

34. The method according to any of claims 1 to 33, wherein the further MS compound is

administered sequentially or simultaneously.

35. The method according to any of claims 1 to 34, wherein the further MS compound is
selected from the group of sphingosine-1-phosphate (S1 P) receptor agonists,
altered peptide ligands, immunosuppressants, adenosine deaminase inhibitors,
IV immunoglobulin G, monoclonal antibodies to T- cell surface markers, TH2
promoting cytokines, compounds which inhibit expression of TH1 promoting
cytokines, antispasticity agents, AMPA glutamate receptor antagonists,
inhibitors of VCAM-1 expression or antagonists of its ligand, anti- macrophage

migration inhibitory factor, cathepsin S inhibitors and mTOR inhibitors.



