WD 2007/ 103112PCT/ US2007/ 005265 METHODS OF TREATI NG

| NFLAMVATORY AND AUTO MMUNE DI SEASES W TH NATALI ZUVAB

PRICRITY CLAIM [1] This application clains priority
WO0UHPTed States Provisional Patent Appli catPiCaAISRE7/005265

60/ 779,190, filed March 3, 2006, the entire contents

of which are hereby incorporated herein. TECHN CAL

FIELD [2] The invention relates to methods of

treating inflammatory and autoi nmune di seases with a

r econbi nant _anti bod These nethods i npro

EROER O tREATISHT IhyLARNATORY ROIAGIC GIMBAUNE DISEASES

| g&4 antibodies in tWeTRANATALIZRAMEIAGEROUND ART [ 3]
The migration of |ynphocytes fromthe peripheral

bl ood across the bl ood BHERFYatH& has been reported
[0011]0 TN éﬂpﬁ&&&%ﬂéﬁéﬂ%@m@éﬂ 5048 PRlviG &3l Palent Application No.

nervous system 0&2 i nfl ammat ory di seases.
SO/, RoRigd Biassh 200 St R ofcuigh e lisgetsneaupomtod
berefidhesi on nol ecules (O Neill at al., |mmunol ogy
72:520-525 (1991); Raine et at, Lab. | nvest
63: 476-489(1990); Yedn®ERBEICAKMFIELNat ur e

. [002? Sqpp %1\@9&319%1:@5 t%%?r.ﬂo&g oﬂ{'eatmgjatah%ﬁzgl%égaig dx%ﬁuune diseases

1993); Steffen et
thh(alrgmbm@irapgb@chs ehhasg nmthods improve the safety of treatment by adjusting

the dose based on IgG4 antibodies in the patient.
BACKGROUND ART

[003] The migration of lymphocytes from the peripheral blood across the blood brain

| barrier has been reported to initiate the development of several central nervous system
(CNS) inflammatory diseases. Lymphocyte entry into the CNS is mediated by cellular
adhesion molecules (O'Neill et al., Immunology 72:520-525 (1991); Raiue et al., Lab.
Invest. 63:476-489 (1990); Yednock et al., Nature 356:63-66 (1992); Baron et al., J. Exp.
Med. 177:57-68 (1993); Steffen et al., Am. J. Path. 145:189-201 (1994); Christensen et al.,
J. Immunol. 154:5293-5301 (1995)).

[004] Cellular adhesion molecules present on the cell surface mediate the direct binding of
one cell to another (Long et al., Exp. Hematol. 20:288-301 (1992)). The integrin and
immunoglobulin supergene families of adhesion molecules regulate lymphocyte traffic into
the CNS (Hemler et al., Annu. Rev. Immunol. 8:365-400 (1990); Springer et al., Cell
76:301-314 (1994); Issekutz et al., Curr. Opin. Immunol, 4:287-293 (1992)). Adhesion
molecules have been widely reported to mediate inflammatory and avfoimsnune diseases,
for example, asthina, Alzheimer’s disease, atherosclerosis, AIDS dementia, diabetes,
inflammatory bowel disease, multiple sclerosis, rheumatoid arthritis, tissue transplantation
rejection, and tumor metastasis.

[005} ntegrins are heterodimers of non-covalently linked o and p chains (Hemler et al.,
Annu. Rev. Immunol. 8:365-400 (1990)). The a4B1 (also called very late activation antigen-
4 VLA-4) and 04§37 integrins are present on the surface of most types of white blood cells,
where they mediate white cell binding to endothelial cells by interacting with their cognate

receptors, vascular cell adhesion molecule-1 (VCAM-1) and mucosal addressin cellular
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di sease of young adults, with a peak age of onset in
the third decade of Iife. Most individuals present
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experience recurrent attacks, which, over tine,
result in accunul ati ng permanent physical disability
and cognitive decline. About 70% of these individuals
will eventually enter a phase of progressive
neur ol ogi cal decline (secondary progressive M5), with




[8] Currently, four therapies are approved in the
United States for the treatnent of relapsing forns of
MS. The interferons, Betaseron(r) (interferon f3-lb
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i mrunonodul atory activities. Copaxone(r) (glatiramer
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[13] Variation in 'gat levels may also lead to

excessive natalizumab activity in certain patients. _
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of natalizumab, two proved fatal and one patient
recovered. All three cases occurred in patients on
conconitant nedi cations which may have contributed to
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the determ ned dosage period is | onger than four
weeks. I n an enbodi nent the anount of 1g&4 in the
patient's blood is below 15 ug/nl and the determ ned
WORg8B108t12nat al i zt unab is bel ow 300 rug by W iPGTIS2H/005265

In an enbodi nent the anount of Ig&4 in the patient's
bl ood is below 15 ug/mM and the determ ned dosage
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ig/m,
010 n 8 eppofiens thegnerhod fixther fciules manitaape BsRagent for indicators
of s s Ghlfebiforl KRGS trdaBAR WM MOSHD ¥ro!pﬁ RRisRBRHLRYeduce the risk
the amount of 1g4 in the patien glood i S below
of doysdonipg serious ifeefétmer ni ned dose of natalizumab is
{02(5 el %&Qoﬁﬂnéﬂf tHe\VmbbY %&rﬁ{& u%?\ﬁleﬁ Bﬁmﬂ@ﬁﬁé ﬂieriﬁl@tent for indicators

osage per.i od is shorter our weeks.

-of pragivsgivaamitifasal hﬁﬁmpemml%@ i an n@bp@m%ﬂlegnmlmg detects

JCVlnlglt a?#%ﬁgg&?lg@ /giq nggg%%%&pfk%g ﬂq?ﬁ SI on, a n gn?%net the

monilering aPmpHseiEsHgdy rardvinE $%ﬂl‘-§¢ﬂﬁfttb¢ patieBfs blogd, measkeing the

ol H1eBIRREPAE (P 7 IR bl Lol Bl b i b

antiprahied in figsdonples. Hal aawnﬁ@@imgntblye pintdning rfhepemnprises measuring

the {4 B 136 ARG BT Ih 1 BB, Ghe EhAB Y L e R of e 1

and ig{b anigicdissch ércosinpled rinan eetiodinent the mbmitarirgt dedots

semcs,&)i ssndlgr a5 h&%&ﬁgg E{eg @1‘5 é{/%? ﬁi uel?t@ lfrfﬂerhgl or blood, and
secondary progressive; I eéssi ve,

furtledn irgades pemgvmg alsmplubﬂﬂx@bmaﬂcé eardsmaamalrﬂmqh when the comparison

enbodi ne e . disease is inflamator
ot R0 Bl SRR oS 0Bl ok AR Qg e o
ICve ﬂiixbﬁbsﬂmrthetcb&bmsbirahﬂaid(ﬂ)y tﬂaqmﬁlen@h fFe8e nsanCGrnaliodiment the

he net od f
monpig SR setndeh feting for Pl R Ptiolose FRiftat o plakfssive
mulﬁﬁbaldaﬂ(deﬁéegﬁhlopﬁth&n ahh ani etbealtnmgtﬁeh&mgtfoxecrl,tmwl t}mptoms
. o | axi s desi gned .to red he rlsk f dev
incte? Pend fornent Slorseping peilosien Sipbiite it 2t FECROBI] e
neurﬁwgidaegmpﬁhisdﬂamﬂmmd @fma@ dﬂ&entpaaummiesﬁ Qfiental confusion,

R T A O TV O —

inchéiRt peifornditl aiGd-thieinped kaBbeti rednifce iBla@hinh scandirdin embodiment
fluid. In_an_ enbodinent the oring

. cerebro na
the gl e o8 pity PRpench 06 RHECUIN BF B Bt B A et &
leuk bR Ik adinB &t REARUHe tRfatrhfbseaiBdtkd ﬁdhﬁﬁmwenbﬁy

.oint e sanp es, and conparin the nount of
immypeglabfederanys IPFéS‘% F"éés’ Ay E‘P ap ﬁ’é‘b"dment the

anum ey bl pHsbO Ble ABIREHEESH SRR TAEI B thOBpAIREIN efffctive dose
gM antibodi'es to JCV in the sanples, and conparing

of mt %“’éﬁb%&ﬁm s¢legtad frpgedpring @Eblaﬂffl% &dﬁ%@bw gidgtovir, and &

serofBiPARSconid], BNaEBRBSMITRAL tHelt8roftiith bRbpdEstdeh SEMRa antagonist.
seroconversion and/or an increasing titer, of JCV i

(021 h &o pyembediment,ef e mptbpdiheprient is %Wdreﬁt?fltsri@v“anmsly with
nataliRGhH#FER 45 ']Ic“ 4 %31%?5‘?@ & Bikinbd}ladi@lab&R! 19 an embodiment the

cer ebr ospi na when the cornparison of the serial
IMMYROTEPEASIN S P mt@@ep@w@@t aelspied M%rﬁréﬁgremf chlorambucil,
OE _ iLRcLeasi déj\é ﬁ_ﬁ& e
mel & caplopriiie, gﬂo otepa, 4 $hod®fmid&Nac i %\E/édégon

cer ebr ospi resence
tem@ﬁb@@mmw@ﬂmﬂmm dgxcprnglcmﬁeéameslbm@e #@ﬁmblcm epirubicin,

clinical and/or radiol ogic synptons of progressive

mul ti focal | eukoencephal opathy. In an enbodi nent the

testing for clinical synptonggconprises testing for

new or worseni ng neurol ogi cal synptons. In an

enmbodi ment the neurol ogi cal synptons conprise one or

nore of central blindness, nmental confusion,

personal ity change, and dyskinesia. In an enbodi nment

the testing for radiologic synptons conprises




WO 2007/ 103112PCT/ US2007/ 005265 in the patient's
bl ood is below 15 pg/ ml, the determ ned dose of

“g)a,{ﬂ@.}/jogﬂgab is bel ow 300 ng by IV infusion, apgkbR7005265
- determ ned dosage period is |onger than four weeks.

In an enbodi nent the standard dose of natalizumab is
300 ng 11/ infusion and the standard dosage period is
four weeks. [28] In another enbodi nent of the method
the corrected dose is |lower than the first dose, or:

iﬁlg)gfgcaﬁ%%gﬁgﬁﬁé}%?op% 11k QfndristhONEAREladthaVih B 1ihe, $Ytarabine,

age perio or-"the corrected dose is |ower than, .
busifenf ametifideseflaerdutanid, tepeiorh, HOSEEREPRIEPBYCTIs OMYIsHRg, Semustine,

ol LB i b B BB

in the patient's

ralfitrad dpfhaprodesymrilide, sapoecitabine forafie Sethimylyratibpelhioguanine,
uring the first. . ' it hi - i Ae .
ctaitfpSShepliel Rt RE R LA Mbidhdl hePAGHRIRILM HEGndesine,
doddiBdet iamifdzdnes éaterferotd afdapfarmoatcten) madnakyrrdaesiérone meggesirol,
over- the second dosage, peri ad | [ . t.Q. 18]
ol OB P IR e PR o o taR, fBBg Qi Bk ioxide,
ritiBdimbig ASAMPA TH- 11 hglq@iedayesphenelic 4dideaablimns, glucocorticoids,
dministration qof th econd OS Py in ec
sul{pselagie eirgEer sl ia%%?‘ﬁg? T e lﬁ‘%rﬁ“"@?e,fhﬁ“%‘g%ﬂ‘é‘é‘“ab’
inffimfdaBe1r 100 shtUUES redeftbt aitibagy duei-al2 enttbolipy anti-IL6 receptor
indi cators of serioys infecti gu.ﬂl n.an en'go.dj: e{_gn ‘;a%ema
antghorly SR P epdAlEH R RERFALDLETIRATELS SLEre gan
antjtRidk ORRERBRANARAEEMe, dyBlophosphbaiticenkhibfenayeydioshorine,

furth [udes _t t i ent h
int@#étﬁﬂﬁ‘; L‘ﬁ;@r{%"é@ggl@% ggggé‘r}%@ﬂgg@g%hﬁi aﬁ(“mm%ff‘rfﬁg’?rel opi ng
[022ﬁ ﬁ;llg%#)?ne} (ngbg&%%@ g'lre LeCn escﬁ)@@t@?ﬂfoﬁ@@td lefhBd S@fhtRY S patient with an

on 1 ssive nmul tifocal

inflaguaiercs prtiopEoR iscaguith nHalingratdry SipBUrng fie fepmt of 18G4
in tﬁg ?ﬁ@éﬁ’sﬂ%%%a%‘%ﬁn&r&%ﬁﬁnéa Rt ad RhagtShdibd of natalizumab

alizu to treat a patient with an inflammatory.
baserl onthotment of B3G inibe Py A isaARTM TGO BAHGR™ jefing the dose
of bl ntid et bves 1 3RTe Priove WHBReR theldob®and dosage period

Inrtrating treatnent; 1nitiating treatnment of the

impravé thetsafaty sndden efficaqyrrdithe Heatmenipararete therfay apf/or efficacy
i ' ééag@pe%d%%u:mﬁ@nﬁhomemaemb diment of th

pmb)r?gg&){hﬁéegﬁﬁ%?&egﬁ%%dmgn i'nitiating treatment of othfgm_ e
mefratlitenstamdard dorstia BOY tresty T ifusiore prchibe gtapgndidepigsgperiod ts every

f Yeek NGCAL : | b b4 f@ Gadient”s blood is below 200
ﬁ’"f gﬁﬁ%%ﬁ%@%heg{%ggﬁﬁ& t@%ﬁ%‘?ﬂ%&_ rtunisti éer? nsf e?:? [ lgng o
pg/mt ahti eheedarmibérbdesend natabzurngGs bietow He0 patyeit gfusion. Inan

| asma. or serumd t. : ' h

e B RS el S Cip Ble et Blo8H LD 990 ugyon) ang e |
detbtnih&edgratt pariodsispbmpenthaorfosewerksi fiprpewbodiment Bieampunt of IgG4

. .and/or efficac f tr e '
i GRS BSOS B SRR o 300
meQy Behfiiics add tierddeehiwdalcsegopmstiqirie thegemtddn four weeks. Inan
hr.eshol d, treat t,.is not. initj > ' _
eGP SR BTG ERt: S ETEr BIFSF e 400 g god the
detéhxﬁﬁlf]:ed fodel® nﬁﬁﬁhﬂ%ﬁ‘gﬁ & Helwo d00 segiipolM inZ@dom glondh ml;odiment the
[ r. .ln an enbaodinen. treat t s ini.tiated.] .
g i B DR ) TR0y bl dossse pecod
is 1SR DI AAREs| 1520 erhbOdimnbthe amount of IgG4 in the patient’s blood is
below 100 pg/ml, the determined dose of natalizimab is below 300 mg by IV infusion, and
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Is about 100 itginil or higher. In an enbodi nent
treatnent is initiated |ithe anount of 1g04 in the
patient's blood is about 15 jig/mL or higher. [31]
WO M0EW3HAbodi nent the nethod further incl udedCT/US2007/005265
determi ning the amount of 1g&4 in the patient's.
pl asma or serumduring treatnent; and term nating
treatnment in the event the anount of 1g04 is the
patients plasma or serumis bel ow a predefined
threshold. In an enbodi nent treatnent is term nated
the defermiinedlosegn pesiod|ig loneprihem foys ateelsh t aqnsoghogiment the amount of
IgGAtP'fraretgt bﬁnefn@g%od%g Delowf 1 1l ank @Edeterin @ uREBE dhtBALmab is

is termnated 1T the anount of 1g&A in the |
below@00ang by T infwiwno in ge embodisnenb thgtankoot pF iglrfiindhe patient’s blood

s ol QL5 gl 2 BRGTRES L0 62PPER) s S e B, o
embodimeibie atunt of Izdl4 ioithe panent’s bjodd fis belowr Sardfedithedgtermined

o5, 40 B T A0 N s

longetiham four vessksreIt gn embdimenti tha pinngntafdaGidntheipatientts blood is

t th of . hi | . A i .
vt RS T4 o D R b8 IV, s, o
the detirmibvedtdodagd period iashouter tah fHinvatakst Iman abbedimeatthe gmount of

o REPALER odl A3TPAEI0 SUAT, 8BRS
belowl3@0anp by TVdhfusionaehthe deteshined takage petibe igshbiterthas four weeks.

R e e e AR e

detefniivied dode ofaiapdlizamiab b balow B0 pat byelV ifugibmsind tloy deemined dosage

peﬁ%ﬁiﬁ%@%ﬁ%ﬁga%ﬁ%}%%%%%8rfEL?E:g.incfﬁgleﬂnﬁPtoring t he

[023RNBUa erfbodiiméent efthe padtiadd the dideaderis tivltiflatdlentiss In an embodiment

e B o o P o DB PR eve, prmary
progfb?}%i&g,! ahd Bhlborlis pRipeseive nﬁlﬂﬁﬁl&fsbl&ﬁﬁgst h’ifi as kalbedintdnt afthe method
enbodj nent treatpent |.s term nated. t he anmount . of.
the difegss 15 pUARIAIOrY HREE! JIFFsEHeF TARmaiGd SRTEES 34 Profigat the
inflairSn 288 Howel @@R6:e0E CiblEDisedde. an enbodi ment tr eat nent
' ed if the ampunt of hival ent .natal

i s_termpat, umab . ..
1024} iy FoSphp Bt the RauALRBRex Bl CoaYeRARE Begeigiary indicators
of sefbub i &ion dnd/cdMreairho dePRiénilwiGaprdphYlakis degiedaraihice the risk

i f the anmpunt of, bivalent natalizumab in the

of deyglqping segiogs F¥RHBY serumis about 0.1 ug/ni or
r0250i B8k embHdidnCHROHMABN furihBt rAURIBO HSn oMM 0 |pRtett iffr indications

I's adm ni stered to the_ patient to reduce the | evel of
of prapRegpiyn Pukalost) lrirep o= loRathya it %F@O%{ﬂf@h@%??mmmg detects
JCVIE B Batieht AR BROINBI o ASIGRNAI B5idS ThiRfkaiBdintent the
admnistered tQ the patient to to reduce the |evel  of
moniipnjag evpPTIss aPTiinERIOV e e Rlen 9Tk palicpllipgd.gReasuring the
amoBRIHTRG antiBddied £ ROPLNEE sSHBRA] RFonipAAn P BRSARGut of the

_di sclosure provides a_nmethod of treafing a patient .
antibgglies in the sempdesrrdf grprthodinand the ma g BERECofiR es measunng

the A3k bE IR RnEYoAAIVCSE &Y thd SarfpldQ 98d @bmPatRY iHRiaARaRt of the IgM

Tor a first dosage period; nonitoring the anount of
and lgGyantiediasan &is sammles- iIn ap gmbogjment the monitoring detects

smo&glgys]tggaj[%r%ﬁgégﬁg% ﬁ%p 3£V Qﬂﬁie%ﬁeﬁt’sﬂltﬁé%dﬁ[‘ blood, and
serumduring the firs osage period; determning a )
firthepinshuiicd osrpodng aaermpleafiehp Biestsicaspbrosiangl £ipid wien the comparison

bi val ent natal i zumab observed; adm nistering a second

dose of natalizunab for a second dosage period; and

adm ni stering the second doseg of natalizuniab for one

or nore subsequent second dosage periods; wherein the

second dose i nproves the safety and/or efficacy of

the treatnment during the second dosage period. [35]

I n anot her enbodi nent the present disclosure provides

a method of treating a patient with an inflammtory



[036a] In one aspect, there is provided the use of
natal i zumab in the manufacture of a redicament for
the treatnment of a patient with an inflammatory or
WO Iane di sease, wherein the nedi canent PCTIS2406/005265
adm ni stered as a second dose of natalizumab for a
second dosage period in which the second dose
i nproves the safety and/or efficacy of the treatnent
during the second dosage period, the second dose
bei ng-determ ned based on the | evel of bivalent
of thaseddliwrimerbd/ob bodesdmples Whtechstdoonversiopl andien ap ncvensipgtiter of
e G el e A o, Ay g e et the
monitnnammcheies testing tfior cﬁihéaaeanceorpa@vlmmoms ef pfogressive

mult?%&ﬁl ek SN txgloia %{JH&JF]I%-BI It&?nﬁg caﬁ gimptoms

complusas |t¢ﬂtmg éordles’e aswprsmag oeurotdwad swepiofusn ah nembnéitment the
d S8
oy T TRt SSRGSyl R AR Dcn
persqmﬂntyscitdnge Fﬂnﬂsimkmesmehwn embnﬂxmhmrtbe tEStlhg fa:to'a@omgd: symptoms
do e erJod v fe ff|
ol peBihbie CEREER PRefll i) Blogfls LEAT I Bl grbodimen
the metbud flethebincldikes sin a]mjpneobnde sémdmitcdsasﬁg:egmemwe chudtifocal :

TRV A T T e

unnmn@@dMHﬁﬂhﬂhp?ﬂﬁhhﬁqﬁbﬁﬁﬁtﬂﬂhﬂﬁ@hﬁﬁhﬂ&wahimMEMhoaﬂmmtﬂw

antivi R RS orPetars B e AP S0 Tt o S B Bbg fffetive dose
of amaitahﬁazagmbs&owte@ﬁem&dmwﬁow @c@tbriﬁiﬂ), cidpfo@iteand a

g safet d/ or i cac he treat
crolb B AnERBeL B OB Rhe Strolabim S araE A aH T Ba gwgeonist.
[0269nTd ﬁﬁerﬂl%ﬂiiﬂenﬂ'ﬁf the Qﬂeﬂhdﬁl thb fatpail ksaitit n®ael aﬁﬂﬁtzﬁbously Wlth

eru d an the | evel bi val ent .nat al i unab E tﬂ1
mlz%’tﬂi‘ rﬂ“ sf‘ndP‘é%‘n‘FH’SB?Prﬁﬁ"ﬁrﬂré‘ﬁ“é?“ a5tic pEt e B%‘B’r?n ©
aafEnBptares MitiRoplatid fentio s€eattd &afrasbxhezdﬂm@refdfbh&rambucﬂ

e e ok R B

temd¥BIbAlias, Hek fmefhyBndlR@iRAIBMNrubifine | dRnihBRiNEG {tiarﬂflcﬁ, epirubicin,
patient with an inf]anmmtory or_éutolnnune di sease,

mo@ﬁ?é?»é’flﬁh?‘ﬁ%‘aﬁ% FPRAGF VIPEIReEnaTHoS; Wperlkjg sytarabine,

busubBA AnthrAAsE s0fluddiakil Z28pRBcdnd inueRezel] bIRBMycinURSaRLes semustine,
second dosage periods in which the second dose

- mitoppygindpgButapy cirh CispAtianeRAP I, PEalijal. MRROFalR, FERFTOxate,
mnn?ém,rmubﬁee&@,m@mshede&ﬁgm ifReafuf, BRAERGMRECI G Rioguanine,

bei ng determ ned based on the IeveI of bival ent

cladpbing | ReRiATHEERoIFRIOTES. Mifo¥atropaipEanEon, aemeTgicin By vigdesine,
docee&tee Eanﬁﬁ@tuﬁ@Eﬁt%ff&roﬁ%&btﬁeéﬁlo%@iﬂnnh{é&%k%o\ghét&oﬁe Jrhégebtrol,

dose of natalizumab for a first dosage period

raloyifpnedptrozple anastaels. falsmade. lfa%@ﬁelqesreﬁwe%ﬂ asids, pngenig Fexide,
nmxﬁﬁam T AlIPAUTRN | 13, RBBMIRENS i@ fadroIRMk Can®Rbrifceds,

the treatment of a patient wth an |nflannatory or

sulfagaipgpenaldganes dagaratiiguanmodnBT {28, erferen [3uy dardigumab,
mﬂm&abhm@%tﬁm Plee dﬁzBP' a9 afiRITC 15 MRS et -HSREEptor

er|o ament are determ ned based on the

annbaMPo‘ir’? 1 @@mtﬁn@bn enigreraaspt. Istiynonyidg, ati-igtsr{ern gasgma
antibdl§ rﬁa&c%éleﬂg@ﬁb ?Q dcg@ﬁ;?ﬁ@%hﬁﬁidé) B HANE c&él%sﬁo?«ﬁ:%t y

and/or efficacy o tnment conpared to th
intraverous ympwapglobslin ScASH @%@W)Wdt%@ffgﬁiﬁar d d ose
and dosage period of natalizumab. [036f] In yet a
further aspect, there is provided the use of
natal i zumab i n the manufacturge of a nedi canent for
the treatnment of a patient with an inflamuatory or
aut oi nmune di sease, wherein the nedicanent is to be
adm ni stered as a second dose of natalizumab for one
or nore subsequent second dosage periods in which the
second dose and dosage period i nprove the safety




[37] The terns used herein have their ordinary
nmeani ngs, as set forth below, and can be further ,
“%?ﬂ@ﬂﬁl ped in the cont ext of the speC|f|cat|9@T“mh§§&hmb
patient” or "subject,"” used interchangeably
herein, is a human unl ess otherw se indicated. [39]
"Treatnment” nmeans any adm ni stration or application
of renedi es for disease and includes inhibiting the
di sease, arresting its developnent and relieving t he
' ease, for exa caus regr.essi on,
°2F3esF’éF‘i“l‘?@f“B’Pd"P%’bQ?n?"Fﬁ‘?é aleste {”0“‘%? g O Gpe psp gt e
patfent withown 1wflarhwpasory iee paoiPRUBHAisSE by dfterpingisdhe §1§0th of IgG4 in
thel F}gnez;t]-i%l 2L A TR 15%151%% ddde bERROEAYabbr Afirst dosage period;
cessat | on. Dose" means the anount of
mqmapang theriewbofbivaleng n@ta 2 in theatieps plagmg or ogyp Juring the
firdl %ééa d;ﬁ rﬁ% %ﬂg %e&%ﬁ%@@aﬂ&‘&s Hodlof Ak b based on
s PER e next “Successi ve adm ni strati on of a
thechmsomnt angGsionaIge pqnmrrt ‘sglasmg o hranglemw onih?}@)lﬂefﬁloquﬁtﬂi@t
natglie Srip ST YELATT S Rt 38 m b ifhg BT nd ose of
nammnbszdﬂmmbmdmﬂgmagapsmid \wmcm tas sd:esd difpeahdi desagePeriod

R PP AL PR Do PReTRal o a PR Eef oA lohod, e

mobibigFHouis@EhtiBe @indut «f bkt nﬂatinhmh iashepaehfs plafos or serum

b g i b L 1 AL g o
nat8liA9rdabAghinidReePoilritsd\@dohd d(ﬁagaomidddaﬁtmldﬂ@o achieve a reduction

20020197233 by Re|lton et al.., These. ar t|b caqﬁg d
of T’p'lP spaligmuy oy Hedimng fae socapd SpEgs as fgined level

VIR h@fiof VfthL3RbA58bsABe PEJICITE an aﬂiﬂo&i}vhent the first dose of
transgeni C ani mal_ expression syst&ﬁ oc{ exanp)
sl Qr

nat dn 300 meadminisiaed by 1Y) ffpsian a%%‘*é‘é’ﬁu"@ four woeks.
In DY dimEEt thi PRIRREMEAGAL) o isfbbaCT pgmam@w&mbodaﬁﬁﬂt the

I nterchangeably, is_an anmount sufficient to cure

or
predetemeined leyalkis ghppy0.5 peéek Ippa copriinsig hemrefotrraneddevel is about
0.1 HALP it AReREhE AR uRY of3g Al $EES Patient’s blood is below 200 pg/ml

and the determined dose of natalizumab is below 300 mg by IV infusion. In an embodiment

the p-atient’s blood is below 200 ug/m! and the determined dosage period is longer than four
weeks. In an embodiment the amount of IgG4 in the patient’s blood is below 2QO png/ml,
the determined dose of natalizamab is below 300 mg by IV irifusion, and the determined
-dosage period is longer than four weeks. In an embodiment the amount of IgG4 in the
patient’s blood is Below 100 pg/ml and the determined dose of natalizamab is below 300
mg by IV infusion. In an embodiment the amount of IgG4 in the patient’s blood is below
100 ng/ml and the determined dosage périod is longer than four weeks. In an embodiment
the amount of IgG4 in the patient’s blood is below 100 pg/ml, the determined dose of
natalizumab is below 300 mg by IV infusion, and the determined dosage period is longer
than tfour weeks. In an embodiment the amount of IgG4 in the patient’s blood is below 15
g/ml and the determined dose of natalizumab is below 300 mg by IV infusion. In an
embodimeni the amount of IgG4 in the patient’s blood is below 15 ng/ml and the
determined dosége period is longer than four weeks. In an embodiment the amount of IgG4
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[6] A "serotonin antagonist” is any substance that

decreases one or nore effect of serotonin. [7]

wosk9GRAYLr sion” is the change of a serol ogi Gd®SE067005265

fromnegative to positive, indicating the devel opnent

of antibodies. [8] "Titer" is the concentration of

an antibody in solution. 1g&4 Antibodies [9] '

Anti bodi es are proteins used by the inmune systemto

identify and neutralize foreign objects |ike bacteria
inacHQPaeieﬁv§ Bfood RAGA-NG NOAY, theEQSiRESdGe DS talikGmab is below 300

antigen unique to its target. |nmunoglobulins are \

mg by d¥pniysionnand the delerrningtd dosassipatiot isdopgar thaw foyr wigks. nan
_ > | FSuatali VA

oL Sl B8 ot P O DO TR R 308 e pndecs
dosetd reriofi 18 Fer iveskme system B cells are activated )

hi ndi_ng to.. ' af ' . : ,

[oPF o AeRiehfab B e AR BRI A iy sower gy the st dose,
orithi ecand damagoperidids Brgel thanithdfist Jodag pariod; et theicermrected dose is

AL T e —

- InMntembotingdnt (t2lam amt bhbidklen) nanitbuatbds itenmitieyt’s plasma or serum falls
-term,nal (I d.|l m no aci d. resjdues. The . ..
bt BrRertpd deveh Ourine (s 651 Dot oM R AR Digaf iy time ater
ad@diistRionNuTAREfiist dosd| MRl whereld theesdond dbﬁ?] dii’aﬂiﬁlizrlmab ladministered

entanmeri.c, etc. .The noner is.a."Y'-s e .ecul e .
ovRr Rt SEoRaerEe St R e b HEm R e gove the
préditiboigedlleld giTeas D itd Sheobd@eindfediime afiut {dndiaishendiSof the second
[1 ]_Thg%e‘are five typgs of heavy chain: 7, 8, a, Li
doggdfiring the aspopd AiPsage @PEESes of i nununogl obul i ns. Heavy

[0BJ]2IH Snh& EhnbdRaME tA RletddiattinindiblesanbiifordgithSpatient for
while p. and, a. have _approxi mately 550 am no aci ds.

. WM and, C . 1 acl.as .
Indigpders RE BRFPUE HHPHIOTa dADCHHQMAREN HRGFBIRTS HHPLKD;IsProgEessive
mBAfRall¥nidchcdp ARIGBAAY O By bh BHibOfinidAL 11RINBNEd Asther MOMABs treating the

vari abl e reglqn, whi.ch differs between L .
patigptiiprepiias desiengrrte sxdie the sk ofdeovelgping serions isfpgon. Inan
endbBinfint tHeRHARGHRRHbL RSpB ERAUGE thultYiob 1 S 3@ BRBLAG dthy.

Heavy chains 7, a and '8 have the constant region -
[03gonpased: aftodihidese gammiingosie brotidy emathdlioNgdg hedgingn) to treat a
pa{!itgl? u@ﬂ%tiﬁﬁ&nﬁﬁﬂﬂr? Br Ql,flto{m\éﬁe Qﬁéése% gleﬁ?rﬁitﬁné the amount of IgG4 in

conposed of four donmmins. The varlaglq domain of any .
theipagiogt’ clasma PrsseEenpose i Bitiaing tregoneitinitipheg &eggent ekthe patient

will AR 0Nk, érﬂ'tgne LA AL dSnd &Q%G4 I ﬂ{e%afliﬁrg? gizéﬁ)la%p %ﬁi’i}m isabovea

am no acid et ween const ant onal ns_. afe (0] .
predefinadytheshalf; dndghitiaghaitieatopens efithe patientivifraalizumad with increased
ol B L : ) ;
oG B sifisas ol of Bilebe i dhfBifocaP1cRk E3E RNl ot il o
opmhrivaishe infoctmns dm tesaventthe aproent/eff igtid e thgyatiients pYdsma or serum is

at %?1[7)[0%(.'11 ”Petdgﬁx!leg{s}%}e@fxé’l% %'ﬁie%‘ betSR@bhel oF dhd ﬁn“?»%% %g ¢4 50 the

am no aci € NONONEr I°’s conpose
patheatly plasmnd of wayuin ightroedsdha safefpogdidreflidaby of thevegtnsint. In an

0,-ei ght..constant.. domai ns f.our vari.able domains..
e TR DA P 2B0 R o R R AR s aror

beléwraagmia pradufingd thrbshudd negathentgoaot isitiated. dn akembodiment
fragnment. crysftallizabl f r.agment ., reas pepsi
e BE R TRl Rt BT 'S BPEEat) 3ons Bhent 2 Qe or
higherf (n b agibBdincns réafieRdis ititased i€ detanivaint offgG4hia the patient’s blood
forked end of the "Y"-shape nononmer is called the Fab
fragment It is conposed of one constant and one
vari abl e domai n of each the heavy and the |ight -
chai n, which together shape the antigen binding site
at the amino term nal end of -tthe nononer. The two
vari abl e domai ns bind the antigens they are specific
for and that elicited their production. [13] The Fc
fragnent is conposed of two heavy chains that each
contribute two to three constant domai ns (dependi ng
on the class of the antibody). It binds to various



forma single 'chai n variable fragnment (scFv), which
retains the original specificity of the parent

whsisa@globul in.  [14] I nmmunogl obufins are gre4RRSb7/005265
into five' classes, or isotypes, based on differences

i n heavy chain constant domains: 1gG |gA [gM I1gD,

and Ig.E. (The isotypes are also defined with |ight
chains.) Qher inmune cells partner with antibodies

to elim nate pathogens dependi ng on which 1gG IgA .

is AV 160 [Pe/mAdg Bt gHer. C BNS @i o dih BelitR BRI R iBitfaRESPIHE hfhount of IoG4

it can express on its surface. [15] The antibodies
in theqatigntdy blgpdispboyhbhie iRl o Biedtiuces can differ in-
[oidf]e' aﬁeéﬂ% i3k &ea‘gdhwslréepﬁ udE’ste@élnﬁPﬁﬁé%ﬁéﬁﬁoum of IgG4 in

er ent C asses of antibodies at the sane tine.
the-paRens plasmeyr sarem| dlewmeiteaiment aph éﬁ@l@@é T!f@ﬁ%lﬂ@tﬂ?ﬂﬁb? event the

H{%I ev 8499 LEEts E&Yr%lng%k et ik IB?B\% 4 ga E&eshold Inan

the rge n er o spec |C|t|e
embedigsnt Uemn@sttcrmwébtl lfabearnemnt wﬁlgﬁﬁ’dmfthepeﬁtﬂnt’s plasma or serum

is %b)%l’[}g % @ 109 ?ﬁrﬁ%] L{A a@%‘ao@l&%ﬁ%@aﬂmﬁt 1§ %ﬁlr&fteid?fgtlﬂe amount of

a nononeri c | nMmunog
Ig@®uid the pﬁtlamb pllame;mdamms apoainD0t pghml prjlowver hbi amssmbodlment

I I t
oA, ISR 15 R AU B8 RO S e TS o1
yghaualibyerdi st ri but ed in bl ood and in tissue liquids.

B L T R T

naihmzdnﬁeﬁ) 1fnltli<§patme' 4 §lrﬁfna|drﬁ;a'uhﬁdmﬁ@ tiehisnemiyanidteigating treatment in
stem has developed. }t. c dto-' i.hd

e endhs Haougtor bilcatataliriaa 8 b { T ned ey T an

emB&OmRHOk @SNtk @erbﬂﬁe}tecﬁﬂ'@hd’@ﬁoﬂ:ﬁ Gﬂblbyleﬁ&m&ﬂ&liiﬁﬂb in the patient’s

, activation éé:lassm {‘}:ggég (f)ig tlgn tis 1 ted if
plagga ghisnmds eboph d i ? p 'F%%E?’ﬁ% is terminated i
theﬁgﬁﬁlﬁt @% Iﬁrﬂglﬂ(@ﬁ.’%ﬁﬁ% in uéﬁ&oxﬁlasnid}ii?seﬁﬁﬁ?@abohtg@ ug/ml or

0 an 0 . cr
gfa?raée 0 sadmant tqe@@en.t i tergnnisa tt tag ?eewt\?gimfent nafalizumab in

PR AGH de¥idh 8¢ abduPbl19Y2Eh1 Byhibirel and then. IgGZ
G4 does not activate conpl ement GlL and 1g&3 nd
[039\f t 1 33 RbImPR) thy n@%h%ﬁl%erelaﬁlaﬁ%g IB?PIBM@&EWP%M of bivalent

natSiShuhsib th @&FpdARars ﬁta@.ﬁﬁ%@ k&hi cﬁﬁ‘ﬁlg Rrehiynhe %Hg%natmg treatment in
affinity is extrenely |o [1 Im’runo%loum

the eyeneAe AneYHed be@lmvétakeeaa%ﬁ verapredefiped ingshold Jpan
embsRREQRRLL %nt@%a@&i if ttﬁ%ﬁﬁ&ﬁt ¥f bﬁzﬂ%ntsﬂaiéi%;ﬂﬁﬁkn the patient’s

asis for I's nonoval encg has been el uci dated: the

plagmpp o1f Wrexs:mg & ne¥m] gichigheri tpran ebpdimepbieatmey) iy prminated if

F Bu 1
thegﬁls ecific anﬁm%i)%}lgg%hmyﬁaﬁeﬁost Si t%%gsd\?m §0-5 ng/ml or
highesh éw en a.mbf.:@lmmt orairent isoerovindtedhif thmmm iod bwarpn@natahzmnab in

the gsﬁéﬁ?’tsﬁﬁé %'e g toﬂFO Q?{%?‘.HT&I hl%%p émgédlfng%ntravenous
_ argeyt ere S|ng am no aci d
unmmgﬂmhe ipedormisteret tovte pef it to riduce thgrheys] of biyalent natalizumab in

0814 GE ) nge
the B£ xenlt n,gﬁ(s 0(1)' S xfl{ﬁll ﬂl émﬂ%ﬁ%}l%ﬁ%pﬁ%}e@% Igﬁnet?‘apSﬁSQ’ mgtered to
the paﬁeext ahtalmdwhesthb pﬂweblef Ibmdge@t@mnah trr the paﬁm‘c’s plasma or serum.

. di sul phide bridges, which for I n 25-75%
(5 SRR D R Bt S BPACE P BB RRLH TS e Xt o
inflidymiatiryer aLBemausne disemt mﬁgnaﬁajmlmb zhbremmmslban@e thhsrd

nata[%ﬁgmérfo %Bsg%g rf;?ﬂcg c bl u:fta ej%nt na?al:lllzumab n thc

stabl e four-chain nol ecul e and does not eaS| Iy
exchange hal f - nol ecul es under standard physi ol ogi cal
conditions in vitro. The exchadkge may be catalysed in
vivo by protein disul phide isonerase (PM and/or Fatn
(the major histo-conpatibility conplex (MEIC)-rel ated
Fc receptor) during transit of 1g04 in the endosonal
pat hway in endothelial cells, or by an unknown
mechani sm Because 1g4 is predom nantly expressed




Nat al i zumab [19] Natalizumab is a reconbi nant

humani zed | gai x nonocl onal anti body directed agai nst
wdSedsiAt egrins a4f 31 and a4137. Natal i zumaby, 92007005265

contai ns human franmework regions and the
~conplenmentarity-determ ning regions of a marine

anti body that binds to a4-integrin. The nol ecul ar

wei ght of natalizumab is 149 |dlodaltons. [20]

St udi es by Yednock and ot hers have shown the clinica

efficacy of a4d-inteqrin bl ockade in.experi.nent
PaSY BBt A GRS g e AR fpogdose of
nafyBrngoineek o thedlevel dfdivalent h8QRZBACOGEEE; {0@B)ering a second
Baron et al., J. Ra Med. 177:;57-68 (1993):.,Kent
Qoo B B0 R4 DAL 34 Splpe ERgpd doss of
nathfumab o dne SaholHiH80feaPftond 809 e pdteewllatein the second dose
ed that .@a4-integrin bl ockade

. denonstr by a bound .
mpgor 4,08 ;sﬁle'afrﬁns%oev tacy ] ﬂlgec??aémmﬁgcalgpg 1 second dosase period.
1038 3 B ARFert S WRIPREN 1ilgosh¥ PRLIG S nRthbdftreating a patient with an
. ad-integrins _are a target_for?gs tgféa euths.‘%n unt of TeGA
inflygapatriy s apfodRE s isepat HR 22QUAHBT DY ARy BB as peount ot lg
in thi ?Bﬁé}h@%ﬂ{afw Se A0 d:EniRi6 & Wdk@hhddbshBe pieodsfaiatitizumab
wi Il prevent the |ocal destruction of nyeljn, the

baser 11/t TS REEEG EbthemaHE P E4 PHEFET AIHEgIg fas dose of
natMhehaeGh @E@f’a{tﬁﬁt &6 tbab&: E?Bﬁed;brﬁ& Bl Z BN fhelddSe of

first antibody directed at this target and clinical,
natgligumddadipatisnboyHEVESr &an Wssauqnhesage peiofsy vherein the dose

. [ i i d to th
4o 0, LMD o Sk s e

ener , f | .
safiztg lapdioo nifivet epneivided3anpe stanflardidepsandinsags peipskef natalizumab.
inding to.adf 3L (al50 s o DELAS kfizumab to treat
[03$n?]gé§?ﬂlg’ﬁrseﬂb%dﬁ?%€? f'(spr%s ngfj'?‘%rsf{')r?g?u#g\? %trﬁ)t eractions wth .
patpogwithen imflamymatery et appbrmune dispase b deieanindes the amount of IgG4

the¥%§éﬁtjs r%%%‘l\&%% 1&d1£§1§§?&'ﬁ'fg & &cLs\é 'of @(tahﬂﬂhgd fcjr 3%irst dosage period;
ese ecul-ar interactions, natalizumab prevents
mohiteringibe livehef i valedt wafaligenabf in|thepasienpt’ eplasme or s¢numgluring the

e of inflammation. . rther i ' ,
fieg s PR g ALl SR E ARSI o iy based on

' thermemthi afigGiin dispasatl s plssvey sy a4 dgi thiedeyel hEbivalent

i.nt eracti.on of a4-expressi Jauke . i o
oS L BAR S RO B2 Ll DL it
for tichmenaet dnpgapeial apd admidyeahg telsesandsiosh ofigatalizumab for one or

m croqglial cel VCAM:. 1) . sugh, nat.al izu ay. .
mof, b Pued srimid G pHr Pain: BRIt FR e esf HET fodlpiod
impb¥eetha Bafetyndnidhirtefficadyheithe eataientrent of i nmune cel | s

into inflamed tissues. Thus, treating M5 patients

wi th natalizumab may bl ock entry of nononucl ear

| eukocytes into the CNS and attenuate the -

inflanmatory process that results in denyelination

and axonal damage and ultimately provide clinica
benefit by reducing the nunber of clinical relapses
and the progression of disability, including notor,

vi sual, and cognitive function. Pharnacokinetics of

Nat al i zumab [22] Foll owi ng the repeat intravenous

adm ni stration of a 300 ng dose of natalizumab to

‘multiple sclerosis patients, the nean maxi nrum
observed serum concentration was 98 t 34 pg/nL. Mean -
average steady-state natalizunmab concentrati ons over
the dosing period were approximately 30 ug/nL. The

nmean half-life of 11 t 4 days was observed with a

clearance of 16 t 5 nli/hour. The distribution vol une

of 5.7t 1.9 L was consi stent.pith plasm vol une.

[23] As neasured in an in vitro receptor saturation

assay, hatalizumab, straight fromthe vial, saturates

| ynphocytes in whole blood at 0.3 to 1 ughnl. This
result is consistent with observations on cel
adhesi on, where stringent adhesion requires 1 ug/n




[24] A typical range for endogenous Ig&4 is about 200
to 1000 ug/m in humans. Based on cal cul ati ons of the
.stoichironetry, when natalizunmab is present at 10
ug/mM (the typical nadir blood |evel follow ng a 300
ng dose administered IV over a four week dosage
period), the |evel of bivalent natalizunmab woul d

[036aN UL ohd @dpelt; Bdrd Q; ﬂo%ﬂedl SHeNitse a¥f napdiimdbemedhs manufacture of a
(averagi ng 0.12 ég . These values fit very well
©épt

mqmcﬁlﬁertt ar Rﬁlelga‘flm & ilammsingy ot éb@e?ww disease,
wh\éf'efrnhg ﬁieailcﬁrﬁém?sbtol H% aeﬁﬁﬂlﬁé}tzd mﬁﬁl ddke Biaigdtefllzbjﬁytﬂbﬁ a second
Functional saturation with bivalent natalizumab
dor@'te@ mrspdau which dltarsecontdost anpspves theisafiptd adfor nifcadyi of teatbeatment
dul'l Y&hd do&%r Z’%ﬁgd? 'Eﬁ'el %@J)ﬂcdl & %Q%Ezl}{ Wet%rqnillgdl\ﬁa[secl &y (tahleslevel of
n ogenous ¥ . For exanﬁ1e, a%sun1ng a nadrr
bndabutehatzﬂfzumdi a]bs'emﬁaﬁ)ﬂ&tpail@nﬂsgﬂmna drrseanpafidrelt patichihhad been

of. en vel of bi.val ent
s i D TP oAl * For St ony . So
[0368] rERfotheWhdpRct] BieR] 8 pRfviR dROSR QM Siath iafhab Gvle thitRsacture of 2
about 50 ug/m, for exanple, nay_ have chronlcally

meél&ﬂra%tf%@m tesglmeat of arpsfientiwithhah RRBWERY GF 2ptgEnune disease,

whgl%ﬁx' tHQch@ bk %hzﬁfna@ﬂl th&ﬁédleﬁ%%{df&&d%Q [ﬂer‘?(td of th&Q&H(tament are
15 ug/ the 1 evel ull'y function bi val ent

detpaningdi Ezamv!acbl the amadmtrof gt Insthovpaticdt’ balasznﬁonﬁgmm, andygshprein the

d()ﬁeba&ﬁ%os[‘agg erprfo%r Sgc?\]fg[t}?%s!rz]la?y a1l :gg’/()é |%S 1c|ond(|hf é[ #’? l enqcclél\?l\lgarfd to the

saﬂfat@ ahdier Shemey ﬁﬁs)vtdhe byriha stafideld dael mid do@z\@lp@mocbdif nafatizitmab0

o atient receivi dose
1036 BB ot fowe dafnge E%&m’r %’f}w manyfpggure of
a TENRARLA! Yr 08| thkinddnt 8N8 pARAY & ithBK enffahB@fory Br RabinSine disease,
with a |l evel of endogenous |g&4 equal to or below a

whersint (e meflisanednt isstgd adeinigisest aspoweang/depe olpsélipumabofor a second

/ /
ol P TR ol 0y SRR ELRAE re et s
dosage herivelt l&lmgzdetmmeciﬁamdpm the i @ﬁﬂgﬁérmhe pahest’s plaéma or
serl?nqda?l eny < éevgloedf l%\r;r[f 1zun‘taggjlljtthlehpeaggntc 1£SU nact%rl s%pu% after the

1 ns
pat&lnsiﬁlddffmiﬁﬁmﬁbﬁd mata fﬁatdaiel of hatalddamal foir blﬁrs ds:tagé)ﬁ@md

' ca en tho h.congcentratio r bel M/ful
{03g€£h‘g>‘¢£ﬁ§‘§t%r"’reax§3‘?°§ (AT SgHY! ‘@ \Rg%%”j ZEE‘@‘? Pt Wf“FFfWe ofa
mellRh&R foPMt i tRBInSont bEEHaMb Gvith &t ﬁl‘ﬂgﬁﬁﬂtog}o&e a@bindfhe Wrease,
+ by I'Vinfusion over a four week dosing period. This
wherisigethg aterlignment de s basadmpnistered | a5 atseepnflidesq o ptaligemgnggr one or
mogpf stbdk eghéh‘?gecg él(ﬁg% ﬁpeglﬁdsqn lv&)ﬁ]cﬁ%é %@Mdydolsé‘ﬂlﬁé&?ﬁ\e safety and/or
urin art ea 0sl ng perio
effwrnayanf |theytraa&nqnaﬂmmrgtth¢ seperrdt dosagea)ﬂmgd tH&Gg@)ndndbste Heong determined

| evel s of no | s of
backf YRG0 ST g vt Pl eGP K g e
patiat Had &Eetrwﬂnﬂmitb'eﬂ alith laifizdt d6RDS nitBIBUED RY aifitst dodapd pdrdd.
i nhibition of a4-integrins a4(31 and a4/ 37 for the
dosi ng period and nore profound inhibition cel
trafficking. One consequence of this condition is
that those patients are at a higher risk of serious
infection while being treated with natalizumab. [27]
Any factor that alters the nadir |evel of tota
nat al i zumab during a dosage interval WIIl also affect
the nadir level of bivalent, filBdy active natalizunmab
anti body. For exanple, in a patient with 100 ug/ m of
endogenous 1904, if nadir natalizunab |levels are
doubl ed, from 10 ug/m to 2Qug/m, then the |evel of
bi val ent anti body would triple, incresing fromO0.5
ug/m (bel ow saturation) to 1.8 ug/m (above
saturation). Factors in addition to 1g04 |evels that
could affect the level of bivalent, fully active
nat al i zumab anti body present during a dosing period
i ncl ude body wei ght, concom tant nedication, and



[29] Natalizumab nmay be adm ni stered repeatedly, such
as at four week intervals. The nunber of prior doses
of natalizumab may affect nadir | evels experienced
duri ng each subsequent dosage interval. For exanple,
concentration | evel s appear to increase with repeat
dosing 5 ue/mL before dose nunber two vs. 12 ug/mni
[0366T IO ERMBURPRE, th&e isTHuSidedIths aky éf ﬂﬁﬁjﬁz@ﬁﬁﬁﬁﬂheﬂﬁm@nd&&tﬁe of a
repeat ed dosing. Methods of Treatnent [30]
meﬁ’ﬁﬂ?%@‘é"ui“? deptmeg b i Refient Vi am Aflammatpra T dojmipune disease,
wh@gm Ak Sh&r @ﬁnétﬁﬁﬁﬁgﬁﬂpﬂt%l Medléggﬁnfjgﬁleo&f oﬂqﬁ&%l éuﬁyﬂﬁéﬁt dosage
adm ni stered and the dosage period may fixed
perands @5 dheainkdigmment gieadeterminep dtabednemsthe rammyt blelgG4 in the patient’s
plagjmt & ngglrugne gmcp WﬁergxthF &Z)Oﬁsémedw c&osagé: rlgd I Fpg'(:)ve J {sg%xl:at? a%dsfcgr efficacy
of ﬂnfe tifetitdidniotenpatedfib e $afet eﬁd/krgefﬁmdy pmn@htbyhye bt¥hdard dose and
|nfu5|3n Alternatively, a fixed dose of nataliztunab
dospggpagiad § %V@P ‘ed to all patients or to a class of
10388t it § firfhereRpad QHére prr&\l'i@edtlﬁéjﬁ’se\bﬁhﬁﬂlzu@lfab td¥8e manufacture of
patients. For exanP i n an enbodi ment natalizumab
a medicamptipsthe teament of ¢ palisnbRitsED mﬁ’gﬂn@gﬂtwor AfigEpBne disease,
wh&r@&‘n] thé g@x@aﬁéﬁ@ Qéj{on@enfl 1'3@req S G se hi%ge %‘Fﬁe@ﬁﬁﬁmﬁzﬁﬁg one or
f1xe det erm ned or a Juste based on
mommlmtluauf. sehpndaloezpe paatdslin »bivh ithe sacanh dospaatnd dngage period improve

: um a or_the ,anpunt o
tre PR AP Rt S0 hSlrpdifiene” Moo b ing Rohll® period, beng
deta-mmeﬁtbaﬁﬁ oh itheadngsuht sfakall iz theplitidntls plbﬁnep@{sleﬁxﬁi arfl on the level of
and/ or the anmount o

pl asnma. . or f
bwr}a%f.néﬁ%mgn l%ﬁﬁé)as?ntéé’}aaw 8F %eﬂa%fl%?rﬁliieri@aeﬂdaaﬁ ﬁ@eﬂédmmlstered

wﬁﬂ@%ﬁ@gmﬁ%fhﬁgmuEﬁﬁﬁﬁ%QHﬁHoQ&eB&Mﬁ'ent natal i zt unab
may be determned directly or nmay be determ ned or

estimated indirectly, iwshnﬁ@nwﬁﬂwéagﬁmwng t he anmount

Ikﬁ?n$ﬂ§n and/or total natalizumab in the patient's
asma or serum and cal cul ating or estimating the
[03&h01]11ﬁtemfs ustdMtmkamhavedlieal drdinag imecomngsnas oaorth belowt dsen be
yr eme enbodi nent the anount of

to?‘ﬂlé‘%}be " er’ﬁs;ftﬂ'e ﬁpg‘”ﬁ%anc% serum may be used to
[03dpt A ﬁﬂti&ﬁt”ar Subjeadi L%etﬁﬁfeﬁc}ﬁﬁ@a'ﬁi@ﬁa@ﬁ ﬁalhluﬁhdn fisless otherwise

adm ni stration of natalizunmab, either prior to and/or
indigptedr initiation of treatment. |f the amount of | g4
[0391f1 °t1|?@auﬂa{t* BBns anPhaRidistrsidaek %h@&%ﬁm% éé%edueb frAWe8@nd

, below 15 ug/m, or |ower, such

mclu enlé@tmthe disedse amssneats davelopniepty meh@@@tm figets for
the basis of the ambunt of 1g04 in the patient's
pl asma or serum may be | ower than the standard dose
or lower than the dose previously Oven to the
patient. Al so, the deterni nes dosage period nmay be
| onger than the standard dosage period, or |onger
than one ore nore previously schedul ed dosage
periods. For exanple, the determ ned dose may be
bel ow 300 ng by IV infusion, the determ ned dosage
period may be | onger than four weeks, or the
det erm ned dose may be bel ow 300 ng by 'V infusion
and the determined dosage periddbmay be | onger than
four weeks. [34] In an enbodi nent the anount of
bi val ent natalizumab in a patient's plasma or serum
during a first dosage period may be used to determne
a second dose of natalizumab for adm nistration for a
second dosage period. For exanple, if the nonitoring
shows that the amount of bivalent natalizumab in the
patient's plasma or serumrenai ns above a
predeterm ned | evel during the first dosage period,
the corrected dose of natalizunab adm ni stered over
t he second dosage period can be designed to achieve a
reduction of the natalizumab | evel during the second
dosage period to bel ow the predeterm ned | evel during



[35] The anmount of total rtatalizumab in a sol ution,
for exanple a biological fluid such as plasma or
sérum can be neasured using an Enzyne-Li nked
WO 209MmdH0r bant Assay (ELI SA). The invention ROIGSAES/005265
ELI SA assays that neasure both nonoval ent and
bi val ent natal i zumab. Specifically, it provides
sol i d- phase sandwi ch ELI SAs for neasuring the
concentration of total natalizumab and the
concentration of bivalent natalizumab. Generally, the
exanmlp. Sy Grusing segtession, PoIEsioning ion renaintigLelogh MRS, ©f fefective
' ] ecif i . zZumab and
ﬁum@ﬁé?@ﬁ?k@%&%%ﬁgh%?ﬁ%%@égﬁ?%ﬂ%%e Fc region of I1g&4
[001an{TEodregdg” M6k citheradeirpoisey 001 pdrmeaeel dessatinkb and

i val 3 U di ot .
002 (B85 D04t ST LSy o]
[0034n{Dosligetpyped ameniatly tiapdetwean theo pdmatisitation whb dpse and the next
. Ce for. : h . .
sSSPl ! ToE b3 pHO5L B0 BB 8L 5 e
furtiteh suavassirtel doseabdyss) abvhay reegioeomstadt.sui t abl e for use

LN, fhe,.assav.  Sui | e ) rf [ | 1
to04) AR or "ebeefaBP i IR BEE 3p bty Malnst PEA as
desciibed H U SAPaert)of. G 840¢%9| and 3t G 3, et revhijcht dre herein incorporated by
antiidjatype anti pody i,s b to the surface.at Nhi
refeivtintbet HEhos, A rirp e fa MRt ARBEARE slofll or
VL.o#, mpliding, e et Yindtedgo finmukolabutinsddsatibahinddSpPatentrifos.

oo SRS BTk PO ARG NG 08 o motons

al. ThHes® ehiibadi Ben S pipardbidae nmztids disolsedtf thew dootimbns, by

natal i zymab in the solutipn to bind to . the .
manfalian el e pression YRS 99 BY HABIRRYS BUPEi GRrestiop fstems, for
exambplkWdpenisgofgoved by washing the surface. The
atal i zumab whi ch bound to the antiidiotype_antibod
003 7

s baeRceuieally sFcHY 3mow Pb@‘gwm“& gffegliygiapognt,” used

intertRinge 81y Fi8 ah Qo Qifftigk¥kotitd diQelieast @iEaliysarrest the symptoms of a
conjugated, directly or_indirectly, to an enzyne. The

diseqsgepd/or thecomplicAl M H @1i$%85F enove unbound
[006§ N2Y " Rri&tH HERESS st Gthy AbsHRGE thad Rcfdakestdi@ of At EBIfESE of

added and the reaction product is neasured. The
serol#Blint of reaction product correlates with the amount
(0079 »SabaduveHIGHY it heTRhiitd Sk seRMbER ds€ FRAZYIIRE Ve to positive,
. .Substrates, and neasuring devices are well-known in
indiqafieg #hq develepmenbabaribegit. a commercial |y avail abl e
[0083NtTRAEYs he chSEhnaQHl Y8a! ARibbEy & ddkidie phosphat ase

I's used to detect bound natalizurnab. [38] The
IgG4dAmtibodiss bi val ent natal i zumab can al so be neasured
[00923’ ASPbbEePRRSRoRAR A LDy HelipMitR! sHEeliBb hagsi P iV hdigdlize

herein. An antijdiotype antibody is bound to a solid,
forexgnobiests like Hagterigand iviryses) Fagh aptifogyirgraspizey 2 epeciiic antigen _

. h _ Bt Lrobein i B EO A Gl .
mmqgggpﬁ%%%F¥ %P@%&ﬁ??on é%gegﬁgﬁﬁg%gﬁlﬂnknomn quéﬁ%%?;mpm&mnﬂy
that §inctign a$ imtipediesi Theyl arg mgtgvsezeidrﬁpé segreted by ddasers qslig that are
dori 0 in 100 B kB S B B8 UL foOL 3R ackVigd spom binding to theie
specifivt ansigey anddifferentiatamntdplashae aelisn i sime cased theiniegdetion of the B
ec [ ' nat al i zumab nononers in

cell g"gﬁi’ifgﬁ%"ﬁ%ﬁ?%ﬁ??ﬁ%b bnoners whi ch has exchanged

an 1 g& heavy chain with endogenous 1g& and remain.

bound to the endogenous 1 g&4. The antiidi otype

anti body used in the detection step is conjugated to

a detectable enzyme. The antijiotype antibody 12C4

is suitable for use in the bivalent natalizunmab assay

both as the solid phase bound anti body and/or as the

detecting anti body. Wien used as the detecting

anti body, 12C4 is conjugated to a detectable enzyne.

[39] A wide variety of enzyne detection systens are




[040] The concentration of both total and bival ent
natalizumal o in the serum of nonkeys treated with.

nat al i zumab was determ ned using the ELI SA assays of

wotder/iopment i on. Nat al i zumab was neasured 4, PLT/G27/PES265

hours after dosing wwth 3 ng/kg. The results of the 4

hr and 24 hr neasurenents are shown in Table 1. The
acronym "blg" is used to denote that the result was
below the Iimt of quantification. Serum spiked with

10 ug/nm natalizumab was used as a positive control .
[010T abhmunogiPbulirs anpbeaRywdiser Prefoinsneien with Addedsugayehagns on N-

tennE%xl? %1 iﬂ%ﬂbdfes)%ﬁed'cbﬁéﬁaﬂg (E’fé?ﬁﬁﬁmfé&& 13and‘igfb‘) a%&‘icld residues.
The basic unit of each antitbody is a monomer. An antibody can be monomeric, dimeric,
trimeric, tetrameric, pentameric, etc. The monomer is 2 “Y”-shape molecule that consists of
two identical heavy chains and two identical light chains connected by disulfide bonds.
[011] There are five types of heavy chain: v, 8, a, p and £. They define classes of
immunoglobulins. Heavy chains o and y have approximately 450 amino acids, while p and
£ have approximately 550 amino acids, Each beavy chain has a constant region, which is
the same by all immunoglobulins of the same class, 2nd a variable region, which differs
between immunoglobulins of different B cells, but is the same for all immunoglobulins
produced by the same B cell. Heavy chains v, a and 8 have the constant region composed
of three domains but have a hinge region; the constant region of heavy chains p and & is
composed of four domains. The variable domain of any heavy chain is composed of one
"domain. These domains are about 110 amino acids long. There are also some amino acids
between constant domains. There are only two types of light chain: A and x. In humans,
they are similai‘, but only one type is present in each antibody. Each light chain has two
successive domains: one constant and one variable domain. The approximate length ofa
light chain is from 211 to 217 amino acids.

[012] The monomer is composed of two heavy and two light chains. Together this gives
six to eight constant domains and four variable domains. Enzymatic cleavage with papain
creates two Fab (fragment antigen binding) fragments and an Fc (fragment crystallizable)
fragment, whereas pepsin cleaves below hinge region, so a f{ab)2 fragment and a fc
fragment is formed. Thus, each half of the forked end of the “Y™-shape monomer is called
the Fab fragment. It is composed of one constant and one variable domain of each the
heavy and the light chain, which together shape ihe antigen binding site at the amino
terminal end of the monomer. The two variable domains bind the antigens they are specific
for and that elicited their production.

[013] The Fc fragment is composed of two heavy chains that each contribute two to three
constant domains (depending on the class of the antibody). It binds to various cell receptors
and complement proteins. In this way, it mediates different physiological effects of
antibodies (opsonization, cell lysis, mast cell, basophil and eosinophil degranulation and

other processes). The variable regions of the heavy and light chains can be fused together to
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form a single chain variable fragment (scFv), which retains the original specificity of the
parent immunoglobulin. ,

[014] Immunoglobulins are grouped into five claéses, or isotypes, based on differences in
beavy chain constant domains: IgG, IgA, IgM, IgD, and IgE. (The isotypes are also defined
with lght chains.) Other immune celis partner with antibodies to eliminate pathogens
depending on which IgG, IgA, IgM, IgD, and IgE constant binding domain receptors it can
express on its surface. , ‘ '

[015] The antibodies that a single B lymphocyte produces can differ in their heavy chain
and the B cell often expresses different classes of antibodies at the same time. However,
they are identical in their speciﬁcity for antigen, conferred by their variable region. To
achieve the large number of specificities the body needs to protect itself against many
different forcign antigens, it must produce millions of B Ijmlphocytes.

[016] IgG is a monomeric immunoglobulin, built of two heavy chains y and two light
chains. Each molecule has two antigen binding sites. This is the most abundant
immunoglobulin and is approximately equally distributed in blood and in tissue liquids.
This is the only isotype that can pass through the placenta, thereby providing protection to
the fetns in its first weeks of life before its own immmune system has developed. It can bind
to many kinds of pathogens, for example viruses, bacteria, and fungi, and protects the body
against them by complement activation {classic pathway), opsonization for phagocytosis
and neutralisation of their toxins. There are 4 subclasses: IgG1 (66%), 1gG2 (23%), 1gG3
(7%) and 1gG4 (4%). IgG1l, IgG3 and IgG4 cross the placenta easily. IgG3 is the most
effective complement activator, followed by IgG1 and then IgG2. IgG4 does not activate
complement. IgG1 and IgG3 bind with high affinity to Fe receptors on phagocytic cells.
IgG4 has intermediate affinity and IgG2 affinity is extremely low.

[017] Immunoglobulin G4 (IgG4) antibodies have been known for some time to be
functionally monovalent. Recently, the structural basis for this monovalency has been
elucidated: the in vivo exchange of 1gG half-molecuies (one H-plus one L-chain) among
IgGG4. This process results in bispecific antibodies that in most situations will behave as
functionally monovalent antibodies. The structural basis for the abnormal behaviour of
1sG4 seems to be largely the result of a single amino acid change relative to human IgGl:
the change of a proline in core hinge of IgG1 to serine. This resnlts in a marked shift in the
equilibrium between interchain disulphide bridges and intrachain disulphide bridges, which
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for IgG4 results in 25-75% absence of a covalent interaction between the H-chains.
Because of strong non-covalent interactions between the CH3 domains (and possibly also
between the CH1 domain and the trans-CH2 domain) IgG4 is a stable four-chain molecule
and does not easily exchange half-molecules nnder standard physiological conditions ir
vitro. The exchange may be catalysed in vive by protein disulphide isomerase (PDI) and/or
FcRn (the major histo-compatibility complex (MIC)-related Fc receptor) during transit of
I2G4 in the endosomal pathway in endothelial cells, or by an unknown mechanism.
Becanse IgG4 is prédomjnantiy expressed under conditions of chronic antigen exposure, the
biological reievance of this exchange of half-molecules is that it generates antibodies that
are unable to form large immune complexes and therefore have a low potential for inducing
immune inflammation. In contrast to monovalent immunoglobulin fragments, these
scrambled immunogiobulins have a normal half-life. The significance of the ensuing
bispecificity needs further evaluation, because this will be relevant only in situations where
high IgG4 responses are fo.und to two unrelated antigens that happen to be present in the
body at the same time and place. In this context the significance of IgG4 autoreactivity
might have to be re-evaluated. The main function of IgG4, however, is presumably fo
interfere with immune inflammation induced by complement-fixing antibodies, or, in the
case of helminth infection or allergy, by IgE antibodies.

[018] Most monoclonal antibodies consist of one type of L- and H-chain and have two
identical antigen binding sites, which makes each monoclonal antibody moiecule bivalent.
In the case of IgG4, however, half-molecule exchange in vivo creates antibodies that are
bispecifically monovalent. The experimental evidence supporting this view of IgG4
structure in vivo includes the observations that polyclonal IgG4 antibodies do not crosslink
two antigens, i.e. are fimctionaily monovalent; in co-ntrast to polyclonal 1gG4 antibody,
monocional (chimeric) IgG4 antibody does crosslink two antigens; a substantial fraction of
IgG4 (both monoclonal and polyclonal) lacks a covalent interaction between the heavy
chains, but is maintained as a four-chain structure solely via non-covalent bonds; and
bispecific antibodies can be found in plasma, Which are mostly, if not exclusively, of the
IgG4 type. Quantitatively, the level of bispecific reactivity can be predicted from the level
of antigen-specific IgG4 antibodies.
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Natalizamab ,
[019] Natalizumab is a recombinant humanized IgGgk monoclonal antibody directed
against the a4-integrins a4f1 and a4p7. Watalizumab contains human framework regions
and the complementarity-determining regions of a murine antibody that binds to a4-integrin.
The molecular weight of natalizumab is 149 kilodaltons. .
[020} Studies by Yednock and others have shown the clinical efficacy of a4-integrin
blockade in experimental allergic encephalomyelitis (EAE), an animal model of MS
Yednock et al., Nature 1992; 356:63-66 (1992); Baron et al., J, Exp. Med. 177:57-68
| (1993); Kent et al., .J. Neuroimmunol. 58:1-10 (1995); Brocke et al,, Proc. Natl. Acad. Sci.
96:6896-6901 (1999). These daia demonstrated that a4-integrin blockade by 2 bound
antibody can prevent leukocyte migration into the brain and thus support the hypothesis that
a4-integrins are a targét for MS therapeutics. In addition, these observations support the .
hypothesis that blockading leukocyte accumulation in the brain will prevent the local
destruction of myelin, the insﬁlating sheath covering nerve fibers, and neurons, \which
characterizes MS lesions. Natalizumab is the first antibody directed at this target and
clinical data demonstrate the relevance of this treatment strategy.
[021] WNatalizumab is a member of an emerging class of égents known as the Selective
~ Adhesion Molecule (SAM) Inhibitors. Natalizumab binding to a4l (also called VL.A-4)
and 04p7 integrins inhibits their molecular interactions with cognate integrin receptors on
endothelial cells, VCAM-1 and MAJCAM-1, respectively. By inhibiting these molecular
interactions, natalizumab prevents the recruitment and egress of lenkocytes into sites of
inflammation. A further mechanism of natalizumab action may be to suppress ongoing
inflammatory reactions in diseased tissues by inhibiting the interaction of ct4-expressing
leukocytes with other ligands in the extracellular matrix (osteopontin and fibronectin) and
on parenchymal cells, such as microglial cells (VCAM-1). As such, natalizamab may
suppress ongoing inflammatory activity at the disease site and inhibit further recruitment of
immune cells into inflamed tissues. Thus, treating MS patients with natalizumab may block
entry of mononuclear leukocyies into the CNS and attenuate the inflammatory process that
results in demyelination and axonal damage and ultimately provide clinical benefit by
reducing the number of clinical relapses and the progression of disability, including motor,

visual, and cognitive function.
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Pharmacokinetics of Natalizumab ‘
[022] Following the repeat intravenous administration of a 300 mg dose of natalizumab to
multiple sclerosié patients, the mean maximum observed serum concentration was 98 + 34
ng/mL. Mean average steady-state natalizumab concentrations over the dosing period were
approximately 30 pg/mL. The mean half-life of 11 + 4 days was observed with a clearance
of 16 + 5 mL/hour. The distribution volume of 5.7+ 1.9 L was consistent with plasma
volume.
[023] As measured in an in vitro receptor saturation assay, nataliznmab, straight from the
vial, saturates lymphocytes in whole blood at 0.3 to 1 ug/ml. This result is consistent with
~observations on cell adhesion, where stringent adhesion requires 1 ug/ml natalizamab.,
However, using the same assay to examine natalizumab in patient serum samples, receptor
safuration appeared {o require greater than 10 ug/ml. This effect may result from
natalizumab swapping one of its IgG4 arms with other IgG4 antibodies in the serum in vivo,
resultiﬁg in a loss of avidity and potency. Based on work with other single chain antibodies,
this change could easily affect potency by 100-fold. Therefore, any meaningful
natalizumab activity in the blood would most likely come from bivalent molecules
remaining in the circulation afier equilibrium was established with endogenous IgG4. Data
indicates that this process appears to occur in a stoichiometric fashion over a relatively short
period of time (hours to days). Thus, within hours or days the level of bivalent natalizumab
present depends upon the starting level of endogenous IgG4.
[024] A typical range for endogenous IgG4 is about 200 to 1000 ug/ml in humans. Based
on calculations of the stoichiometry, when natalizumab is present at 10 ng/ml (the typical
nadir blood level following a 300 mg dose administered IV over a four week dosage
period), the level of bivalent natalizumab would range from 0.02 to 0.24 ug/ml at nadir
levels (averaging 0.12 ug/mi). These values fit very well with the 75-85% receptor
saturation levels cbserved with natalizumab in patient samplés at nadir levels. Functional
saturation with bivalent nataliiumab occurs at 1 ug/ml. The level of bivalent natalizumab ,
however, increases significantly with lower levels of endogenous IgG4. For example,
assuming a nadir level of natalizumab at 10 ug/ml, in a patient with 50 ug/ml of endogenous
I2G4 the level of bivalent natalizumab would be ~1-ug/ml (or saturation). So patients with
levels of endogenous IgG4 lower than about 50 ug/ml, for example, may have chronically
saturating levels of natalizumab throughout the dosing period. At an IgG4 concentration of
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about 15 ug/ml the level of fully functional, bivalent natalizumab at nadir levels would be
2.5 ug/ml, well above receptor saturation. If an individual lacked IgG4 entirely, functional
levels of natalizumab would be the sé:rne as the measured nadir levels, or about 10 ug/ml in
a patient receiving a 300 mg dose by IV infusion over a four Week dosing period.

[025] As the exemplary calculations above make clear, a patient with a level of
endogenous IgG4 equal to or below a certain level, such as about 200 ug/ml, about 1060
ug/ml, about 50 ug/ml, about 15 ug/ml, or about zero would likely have a very different
clinical profile with natalizumab than patients with normal levels of endogenous IgG4
(more that about 1 ug/ml functional antibody vs. 0.12 ug/ml).

[0261 These calculations also demonstrate that natalizumab exhibits strong efficacy even
though concentrations drop below full occupancy levels for one or two weeks every month
in typical patients, receiving a standard dose of 300 mg by IV infusion over a four week
dosing period. This observation suggests that cell traffic into the CNS of typical patients is
only partially inhibited during part of each dosing period. However, in a minority of
patients, particularly those with low levels of endogenous IgG4, higher nadir levels of
bivalent natalizumab may result in prolonged receptor saturation with natalizumab, resulting
in complete inhibition of a4-integrins 04f1 and 04f7 for the dosing period and more
profound inhibition cell trafficking. One consequence of this condition is that those patients
are at a higher risk of serious infection while being treated with natalizumab.

{0271 Any factor that alters the nadir level of total nataliznmab during a dosage interval
will also affect the nadir level of bivalent, fully active natalizumab antibody, For example,
in a patient with 100 ug/ml of endogenous IgG4, if nadir natalizumab levels are doubled,
from 10 ug/ml to 20ug/ml, then the level of bivalent antibody would triple, incresing from
0.5 ug/mi (below saturation) to 1.8 ug/ml (above saturation). Factors in addition to IgG4
levels that could affect the level of bivalent, fully active natalizumab antibody present
during a dosing period include body weight, concoritant medication, and treatment
duration. When using a fixed dose of natalizumab, differences in body weight can affect
natalizumab levels by up to three-fold, e.g., 3 vs. 9 ug/ml or 6 vs. 16 ug/ml.

[028] Although the effect of AVONEX® on pharmacokinetics is disputed, data derived
from a small subset of patients indicate that nadir levels of natalizomab were 12 ug/ml with
natalizamab alone {which is in line with all other studies) vs. 25 ug/ml when natalizomab is
coadministered with AVONEX®. This is a difference that again, could triple the level of
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bivalent natalizumab molecules. Even if this effect isn't statistically significant for the
population at large - if AVONEX® affects the upper limit of the range or nadir
concentrations of natalizumab for even a small number of individuals, it could cause a
significant change in the risk proﬁie across the total population of patients. -

[029] - Natalizumab may be administered repeatedly, such as at four week intervals. The
nurnber of prior doses of natalizumab may affect nadir levels expenienced dﬁring each
subsequent dosage interval. For example, concentration levels appear to increase with
repeat dosing 5 ug/ml before dose number two vs. 12 ug/ml for dose number 15. Thus,
Tysabri may accumulate with repeated dosing. ’
Methods of Treatment

[030] Pharmaceutical compositions of natalizumab will be administered intravenously.
The dose of natalizumab administered and the dosage period may be fixed across all or a
class of pétients or may be determined based on patient wéight. For exaxﬁple, in an
embodiment natalizumab is administered at a dose of from one to five mg per kg body
weight by IV infusion. Alteratively, a fixed dose of natalizumab may be administered to
all patients or to a class of patients independent of the body weight of the patients. For
example, in an embodimcnf natalizumab is administered at a dose of 300 mg by IV infusion.
f031]1 In an embodiment, the dose, either weight-based or fixed, is determined or adjusted
based on the amount of bivalent natalizumab in the patient’s plasma or serum and/or the
amount of IgG4 in the patient’s plasma or serum.

[032] In an embodiment the amount of bivalent natalizumab in the patient’s plasma or
serum and/or the amount of IgG4 in the patient’s plasma or serum are determined during a
dosing period. The amount of bivalent natalizumab may be determined directly or may be
‘determined or estimated indirectly, such as by measuring the amount of IgG4 and/or total
natalizumab in the patient’s plasma or serum and caiculating or estimating the amount of
bivalent natalizumab on the basis of those measurements. ‘

[033] In an embodiment the amount of JgG4 in the patient’s plasma or serum may be used
to determine a suitable dose and dosage period for administration of natalizumab, either |
prior to and/or after initiation of treatment. If the amount of Ig(G4 in the patient’s blood is
below 200 pg/ml, below 100 ug/ml, below 15 ug/ml, or lower, such as undetectable, the
dose of natalizumab determined on the basis of the amount of IgG4 in the patient’s plasma

or serum may be lower than the standard dose or lower than the dose previously given fo the
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patient. Also, the determines dosage period may be longer than the standard dosage period,
or longer than one ore more previously scheduled dosage periods. For example, the
determined dose may be below 300 mg by IV infusion, the determined dosagé period may
be longer than four weeks, or the determined dose may be below 300 mg by IV infusion and
the determined dosage period may be longer than four weeks.
[034] Im an embodiment the amount of bivalent natalizumab in a patient’s plasma or serum
" during a first dosage period may be used to determine a second dose of natalizumab for
administration for a second dosage period. For example, if the monitoring shows that the
amount of bivalent natalizumab in the patient’s plasma or serum remains above a
predetermined level during the first dosage period, the corrected dose of natalizumab
administered over the second dosage period can be designed to achieve a reduction of the
-natalizumab level during the second dosage period to below the predetermined Ievel during
at least a portion of the second dosage period. This can be achieved, for example, by
determining a second dose lower than the first dose, a second dosage period longer than the
first dosage period, or by determining a second dose lower than the first dose and a second
dosage period longer than the first dosage period. For example, the predetermined level
Ihéy be about 1 ug/ml, about 0.5 ug/ml, or about 0.1 ug/ml. The second dose of
natalizumab may be below a standard dose and/or the determnined dosage period may be
longer than a standard dosage period. For example, the determined dose may be below 300
mg by IV infusion, the determined dosage period may be longer than four weeks, or the
determined dose may be below 300 mg by IV infusion and the determined dosage period
may be longer than four weeks. -
ELISA Assays for Total and Bivalent Natalizamab
[035] The amount of total natalizumab in a solution, for example a biological fluid such as
plasma or serum, can be measured using an Enzyme-Linked Immunosorbant Assay
(ELISA). The invention provides ELISA assays that measure both monovalent and bivalent
natalizunmab. Specifically, it provides solid-phase sandwich ELIS As for measuring the
concentration of total natalizumab and the concentration of bivalent natalizumab.
Generally, the ELISA assays described herein utilize antiidiotype antibodies specific for
natalizumab and enzyme-linked antibodies to the Fc region of IgG4 antibodies. '
[036] Inboth the total natalizumab and bivalent natalizumab ELISAs, the antiidiotype
éntibody is bound to a solid surface. Any antiidiotype antibody specific for natalizimab is
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suitable for use in the ELISA. The antibody 12C4 is an exampie of an anﬁidiotype antibody
specific for the patalizumab variable region and suitable for use in the assay. Suitable solid
surfaces are well known in the art and include microtiter plates.
[037] In the ELISA zssay for total natalizumab, the antiidiotype antibody is bound to the
surface at high density. In an embodiment, 12C4 is bound at a density of approximately 2
ug/ml. A fiuid solution comprising an unknown quantity of natalizumab is added and -
allowed fo interact with the antiidiotype antibody bound to the surface under conditions
sufficient for natalizumab in the solution to bind to the antiidiotype antibody. The unbound
portion of the solution is removed by washing the surface. The natalizamab which bound to
the antiidiotype antibody is then detected using an antibody which is specific for the Fc |
region of IgG4 antibodies and is conjugated, diréctly or indirectly, to an enzyme. The
surface is again washed to remove unbound enzyme-conj ﬁgated IgG4. A subgirate for the
enzyme is added and the reaction product is measured. The amount of reaction product
correlates with the amount of natalizumab in solution. Suitable enzymes, substrates, and
measuring devices are well-known in the art. In an embodiment, a commercially available
antibody to IgG4 conjugated to alkaline phosphatase is used to detect bound nata]izmﬁab.
-[038] The amount of bivalent natalizumab can also be measured by solid phase sandwich
ELISA using methods provided herein, An antiidiotype antibody is bound to a solid surface
at low density. In an embodiment, 12C4 is bound to the surface at a density of
approximately 0.3 ug/ml. A solution comprising an unknown quantity of natalizumab is
allowed to interact as described above for the total natalizumab ELISA. The natalizumab is
then detected with an antiidiotype antibody specific for bivalent natalizumab, which does
not recognize either nataliznmab monomers in solution or natalizumab monomers which has
exchanged an IgG4 heavy chain with endogenous IgG4 and remain bound to the
endogenous IgG4. The antiidiotype antibody used in the detection step is conjugated to a
detectable enzyme. The antiidiotype antibody 12C4 is suitable for u:se in the bivalent
natalizumab assay both as the solid phase bound antibody and/or as the detecting antibody.
‘When used as the detecting antibody, 12C4 is conjugated to a detectable enzyme.
[039] A wide variety of enzyme detection systems are known in the art. They include
alkaline phosphatase conjugates, avidin and streptavidin conjugates, horseradish peroxidase
conjugates, beta-galactosidase conjugates, and the like. A wide variety of substrates are
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[43] "The invention pravides the identifidation,

t hriough det hi | ed saf et)y8.@nal ysp85 of PM |ds3a rare,
but —gntfrtant—riskjof s matat mab—tTegtdmTTt . T
addi |6(J)n, s=f§?gus non-gl\i ODDO'?Ulni stic ilnf %Ctl Qns
havesloken opg8eRved in I6al i zuphblg-t r eat ed Q@ti ents,

nmmmatl .. b-n F Al D aco - nmat i bt o 3o o H
LRRVAS | o ') ||| UIIII S O O pall T 11 aoa Cl.lIUFI
wi tih concurtent wmunosﬁ %ressa%iuse or L“Btdllﬁ

10 Si dgre4f1 cant [gpanor bi diftizs. | n]2¢dition, vam have

——Hdgntifiedpatient—populati-ensi-n-whom-t
IT pereFid-riskZpPofile ijsidbss wePr- Hef i ned. 0%he

12 ocqurrence pf these 1 nfgcti ons!Bsahl 1 ghtd fge need
forl a conpr bhensi ve riisk rmna.gjmn_t____p_pg_g_pam_i_n_t_he_
post-narketing setting focused on appropriate use

Safe%pgﬂNHa%,gnﬁgd assessnment and m nim zation of the
ri sk of PM_ and other serious opportunistic

[041] nThe s4fatyof natalizumab is demonstrated herein, based on results of treating 3,919
subjects with natalizumab in clinical trials for MS, Crohn's Disease, and rheumatoid

L”

oo < o] w| K| w]| »

arthrifis, resulting in 5,505 patient-years of natalizumab exposure. Treatment with
natalizumab was generally well folerated. Eighteen treatment-emergent deaths occurred in
the entire natalizwmab program, The adverse events encountered in the trials, both common

and serious, were similar in nataliznmab-treated patients and controls. Adverse events that
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Deaths [44] O the eighteen deaths that occurred

during the clinical trials, five occurred in the .

pl acebo-controlled Ms trials, including two in
WOPaev8sta who had recei ved natalizumab and t RCEETSANG/005265

had recei ved placebo). The patients who received

nat al i zumab di ed of al cohol intoxication and

net astati c nmalignant nel anoma. The patients who

received placebo died of cardiac arrest, respiratory

arrest, and pleural carcinomatosis with seizures

led i digpontismation @ﬁreaﬁak@mabwccwddpérﬁ% sbeptaliBrngly fpaed Yifpatients
and 1%91 g2 39 b@@&lﬁ:{ %g%la%}v;fg tion %%Q%Me %ﬁis@éﬁ'xﬁmm cause of

ue to natallzunab treat ed
discaDtiohatics: @tb%welxmalemajedmﬂén@lﬁ@%)ed inthe trials.

os2] EQSRER Yl B BLLUIR D Y80 (HRBAERTRAELLs pasuipymab s o
withgitaskb dinfdhmatdyseith te diviehefiveacy csfcumnwmsdu&aﬂmlagents such as

natallglBHEL A0 e S sﬁ%ﬁﬁéanft et oo SHW L O risics of
Spnyxi at ystis carinii pneunon

medlambﬂs rtat ciaipldtebnomupe awamg il ¢rdst . treaD S4B OUF hh@@m dlseases have

beeng!gg{ .Igﬁogo?gr%: lrcirvgg w# u et %{I:Eegr tlléﬂ as tf;e ‘Iﬁlf‘%( 'antagonists

alensan one In a
(e.g. Jafib@nbb lddakin@ehab) 4dd ﬁmﬁr@@bﬁe pditeat modulators of inmmune function

natal i zuppb-treated pati ent.s di ed.of he
and 8 BEPATLI PP SR SIS S AT ARE S camalold athrci,
Crohﬁlﬂm&l}psﬂxhﬁs&@iﬂcénﬂﬂﬁrﬂirﬂeﬁbﬂ ﬁ]k_@h?lfﬁg spatidyditis. Aitthdugh very
: rcul atory and.r su |C|en . [ 047 .
oSt hEsIAEERE BUR BEoriHpA PO o v Bl ey fotions tha
have%e%‘&so&%&daﬂﬂ@élgitﬁﬁgﬁﬁ@ﬂérbm}%tddﬁor?@gf h3 f Int Ee
n's sease. st udi.es, . one ie | r.om
(043, Db o viden e O AP Lo ppS Aatod, 4 analyses, of PML
as a A5 061 db@dcitl AsIOPNRAIMSD it@ainreCld AlBtiod) 36y non PML

br onchopul nonary asperglll SIS nd pneunDc stis
oppogtgpishe inferionmbat abeeppbeervadin a Ratigaifiymostly n

Crohﬁ@ ﬂiQéé%b ghldrn@Sin é&ﬁﬂcﬁ&dﬁ&%ﬂhéﬂﬁhﬁ@ﬂtlﬂlﬂéﬂﬁ prBsshitise or other
devel opnent of these infections. Adverse Events, [ 0481

signifipant eggnomgihitiese Ap@ddition, Wp daveidertiisiaatienipanmiaticasingyhom the
beneﬁﬁ-ﬁsl@ErJ@@lsle%Welﬂééﬁﬁeﬁz KB BrdurRRALS 61 s RirdBBhShighlights the

of the 1,135 p| acebo-treated -
need rfﬁ‘t 3 @?mgreb%@;slsk TARGZEMENERIE BRI Le e gpftanakpig settiggdocused
on apPRSpriio PR nARIdrR YR d BEEEISR T SNE RS mi £t R D theSSkVF PML and -
organ systens, were _nervous systemdisorders (5.9%
mhﬂﬁﬁpap$ﬂﬂﬂﬁwnmﬂeﬂﬁ%ﬂwﬂ§cebo) M5 rel apse contri buted
S|ggh£_cantly to this incidence (4.7% natalizumab,
acebo). The second post commpn serious adverse

9. OvanT
[044%\OR ﬂ@ sighieer) drradlet thafrscrmed dnesthe eliival tripls4fye occurred in the
placdbRl @uba HOPRES Riafs LRIGEEP Mo inHlakiBnid Md%dlm@ahzmnab and

urinary tract irniection (<1%1n both groups
threernylse ha jwed plageljo)THEe m@mﬂ%wbe I%Pﬁlw%g@?ﬂéléﬁ@ﬂ‘e fi\?ﬂpi aleohol
intoxri%?ll{g‘xh'aﬁﬁ %et%?atﬁ\iﬁﬁﬁ%ﬁﬁpﬁgfaﬁ&nﬁ.o Tfu@ Mhdntd 54 creﬁéﬁ bo died
erapeutic protelins, was a p ox1 mat e 4%
of cagtiné amesLIPSHEMITY sl ERDPISIBE gq;‘pmpwgtcms itk Bﬁi@#@% rﬁﬂé‘r deaths
f I
mmuﬁﬁd éét&eé?nen courégﬁg(b%%%ere oﬁgg%ge ﬁ%gﬁ@%g%?ammxe
due todScour se of infusion. Although the . specific
[o4s{ S5 ol RhaliDEmb e Ao &goﬂhgs;ﬁlesg&% L %}ee&fghﬁﬁgm the
trialso rl‘hegp@pnanie ot patalizvmesdi mmnpycpmnhsﬁbeﬂas@a@d gmatey in these trials than
reactions. Al patients recovered w thout sequel ae.
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[50] The occurrence of malignancy during natAlizumab

treatment was uncomon. The incidence of. malignancy

was bal anced between the natalizumab and contro
WOR0BHil98112 The rates of mal i gnanci es observed d@AVYE§007/005265

natal i zumab treatnment were within the expected rates

per conparison with the existing cancer registries,

such as the National Cancer Institute's Surveillance

Epi dem ol ogy and End Results. Evaluation of PM. Cases

[51] Three confirmed cases of PM. have bheen .
eXPOSHEL PIAcekR- ThiocBEe P donthers apde Ayooufipl fatgggion, acute renal
failuds; CeoR did:BddRpRFkiaBeH, PN breRfokidrid cBRhdi Bhéuribilis) and

Crohn's Disease. Both MS patients received
brongheniimeparyiesreagillesiss two years in addition to
[0461\V%@é(6e)1ﬂ13 LB&rf ORI SHALPERAE arﬁﬁ{tisa:ﬁhls r ﬁﬁﬁh‘&%@hlﬁhﬁ%-ﬁeated

doses of natalizumab over an 18-nonth perlod and wa

patiqnfandranednpreivderatrdevitiva plapeher cﬂwmqhzamabﬁ@atfé@aagms died
of heRSGS Wil rBpiB&IrS EShfFD hnd HPAIREMEAmatdid ﬁlﬁfoﬁﬁrypdﬂeasc The

patients presented wth subtle Tlinical anges ‘early
placﬁbo—trmcd paﬂegte@gé of giredatorshand weriatorytiesriBgicndye

[047? al fatvs Yudlel eéﬂmf R0/ PMEE; no $tRéd saﬂ?f si Eﬁkasoa}ghx%ﬁi from the

o contract a fat case of PM. was ear -
study deaths Ini thé ChibnlshDispess sbidiesdonegpanent dm@@u ﬁ@mﬁm Twe pdditional

T
brombmmﬂvstbnabr@ebdrmmosm @nd gmﬁgi@vmmeumn@n §"éiese patients had
S
s GRS L st ol B, S5 B2 PSP
infedtionker rlght eye. Visual acuity was 20/15 in the left
e 00 in the right. Spinal fluid analysis
y?ggggé—éggiﬁhlte bl ood gell gornal protein aﬁd :
{0489 14¢ b8t orsersEirions mrlvegsacelvemta#raskmnokmtenad bypl25bws the VAT
nataﬁ%%}l% -%%?endp Vo %eflgsr(tég\g ({ﬁ %? ki(i 9 ro!f lttﬁ:allp “‘(E;\'}F glﬁe%éeﬁeaﬁed patients
(18.FLNmRhe mewtgcmtﬁbmﬁmaln e S50 noriﬁmon sEH3s aﬁV&i’dEX(/e@ts,

tiated, but.sh .
ctas P B N B Con? S B SHBSA E lpapes 102
plactbv}o M £bifae dohtiibated 3ighifidantlp th thieinalddncef, 7% aumtizumab, 9.0%

plac%céé&%%%c%?xﬁpg S%W%g%g%ﬁ%v%ﬁ%%vﬁgwl (] g.%ggans and infestations

(2.493 adizhiday, BhAtpIsceboR vt pSiickic @he utifadgyrtiaet infection (<1% in
entﬂ% into the placebo-controlled M5 study, as
bothgraugs) pethemPshEPWMED: 2i | bel ow, was 2.5. She recei ved

{049? 0 The isd B8 oPhypeaserbitiz tHiedhchen) ke cdil eﬁpeﬁ:@aci thgesult from
extenS|on study and r

pen- ugbel egﬁa |ng&
treatgiga With AFRGUE RF 7 RPSCY S EPaf B o By P SYTBRG reactions
occx&ﬁng HSREALIRhJcRIFAREBar %] Mle R@ictibhinddll folRcur early in the

| acebo-control | ed study. She developeg five n

trea@ﬂng?fgarﬁg bhrtzwwﬁassﬂrﬁrﬁéﬂ‘g%“@@y G gowsF Phiygen- +fliaqueh the -

specYiiPedtantshf dTRS RBRHGRMHak@hbibe deRYmmBE, ARcAY] theeactions
the second year. She was, negative for anti nat al i zmab

appeaFid th SeinEECAlAEE her IeCeraaiaisaEardiase £ THPeRERaNY B Aagions. Al
patidSresbyErtPhithSutidagudiRan of the study popul ations
t hr oughout her participation. 54] In Novenber 2004,
[0503 h hp egamranes eSpelipemecy dpas patglamicrsasRenighes uncommon. The
mm&e%e@bﬂﬁx&%:% hﬁa@%ﬁ.ﬂ&@%&%&f% h@@mﬁﬁm&@&&ﬂeﬁ%%ﬁgs The
em p

to ri aresis by the fol |l owi ng nonth

ratesmfanﬁxg@awe pehiseovedetiring nesaliswnel trogpwnt worayighin therqxpected rates
frontal T2- hyper|nten3|ty and Ti -hypointensity with
extension into the centrum sem oval e and corona
radi ata w t hout Gdenhancenentyg .She recei ved two
courses of hi-gh dose steroids over the next few
nont hs, but continued to decline. She received her
| ast dose of natalizumab on January 18, 2005. She was
readm tted to the hospital on February 12, 2005 with
worsening clinical status. A repeat MRl brain scan in



An extensive work-up over the next week reveal ed JC
viral DNA in the CSF, resulting in the diagnosis of

PML. She died on February 24, 2005. Post-nortem

WOSRHOAHEE I on reveal ed nornmal organs w t hout @COTASRAGIE/005265

of opportunistic infection. The brain exanination

reveal ed extensive, severe cavitation mainly in the

| eft hem sphere as well as nultiple non-cavitated,

ovoi d areas throughout the white matter of. both

hem spheres typr cal of PM., havi nglbreactiv.e o
per comREgN Wish fike sxisimEeges regigipes. chelaibe NaHgepldrancer Institute's
‘Jz% Ui i sPeMasierssoped Tyler, N "Engl. J. Med.
Suw%{%ﬁ 374°? 05)) [ 55] The second patient is a

463;@;&&_@%&%&% experienced his first synptons

[05 lﬁf 'I‘fueele%gﬁﬁﬂr%d’ L3¢ o3 Mave Beéﬂ%ﬁé? fﬂdstvp@ﬁ wHRHIWRE fatal. Two

istory Is significant for auricular zoster,
caseRocraiEred BUMS pafiedisemd ona inja petieniovit Crghs' Sﬂiﬁ#alsﬁa« Both MS patients

e LN Y 1340t Ay OB hR SR
patienhreeeived bigbs doses héna}telarquneeaewommh gelilcrrl ifewas
1mm811§:%?1939'01% rd% ?n’hﬁ aﬂ'ﬂ%gnﬂé’ %ep& fegteﬁ%g persistent

S Or

experi‘enced no (el apse vi dence ‘of progréssi on.
lymda‘sbpma_ Bélghtee\RME pranarts preaattai withsabtlaeh rnlm g¢heangespatly in their

sSer conce t LO was Si m | ar to
diseaik goREE MR FERCEAL, B bR Bl Bl HIRR1ES ST |
[052]) atThe ﬁrrsp @hﬁﬁﬁ to cqrfifict 4 fatimﬂasdaefPM0.0nas G ydaRtold famale with MS

T e AT e
uppeh eRrenitg olintihesd ZMRIﬂEmn stames desmsirated rfolhbiﬁ@ﬁé)bﬂncmg T2-

hyPRNTSS REGPE DRG0 dR 1 BT B Pt o L e Phegneed with

new Biurﬁﬁg af thewnsidn iwaseririzhDere riietal 200y whe20785 i theyleft eye and

201588 e 550 S 0 Tl S8R5 B v e

glucdeqhntl Hdrbligdeddhal Parddeh wmm.@ﬂ@mermnsbmte@ealed two new

Subcht Sij ogs g}fnﬂltg%gg revi qusl éﬂ nlt [ fll)%d | esi on. FtRI_Rimagingand
hyp@ﬂahgésmsrand brai n bi opsy, \Nhl ch resuIted in the

agnosi s .of PM.. G dofovir. tr nt ni ti,ated
1053} ABORER FHAERf a7 Gt Bof Foe PB4 5+ HEH SuBbEriapscs, the
most fecdit $f MhhRvaRed tofd- aih Bfound e :itﬁ‘l&ri&'ﬁmol@s&:r edifdriity

corresponded to further eter| oratr n
wealgisit. S84 SPRFUGIY BBPHREHeAgPRgyith Iﬁa‘ifr sedpin ey ppanded

Dlsaﬁﬂty( s%msc%leﬁmoso tsBore i BABY Beﬁﬂfjﬁhtot thé pRBebo-controlled MS study,
anmat ory yNadr one. conti nueggbo [ ecel V

as dqspe'a%erﬁm%d@rrﬂ&e&wwr%z 5.ape gpeied BP ifusiges afatlizamab
befoAO&rtém E%ban-&bspéﬁtaeléﬂthme%ﬁ&@%Iaﬂaaidnmeoén infusions.

nat al i zurrab he began to i nproyve. I.s abl e

he R pXaseRtoRsAT SHAPFIH; rshpr%\ﬂéwﬂé s'ﬁ%?’s 58 itsrmlacebn gputrolied
studﬁ' ShdBE I ed RULSE G5B TR peribithsdRSioAs Sividd 68 Hirst year of

residual cognitive inpairnent wwth_|eft her ni paresi s

the pigpgbercanirellqd sdycndagigidyriae thg secopgl Yeasng She wpg gegative for anti-
nataﬁ’éﬁna’yéﬂ:r’ﬁ%&feg 919(59131‘ scn{té &]moghﬁ'aﬁé:f‘@f ndb{zRRAb WRSirAilar to the mean

O-year-old male wit 28-year: history of Crohn's
ofthasg@ampu@aemmgbem@éperﬂcm@om | ness, he had been .
[ HHSS

[05430” [ cgg%% orggaasthg b%@%.%{beexggiég:gc of | ﬁf |f%?)r%m’ andgognitive and
languiagedi B cattioss whieh progresyed foymghtdienipgsasis byjthe followmg month. An

hemat opoi esi s, predom nantly | ynphopenia and anem a,

since 1996 and recei ved azat hi opri ne beginning in

1999. He was enrolled in a Phase 3 study of

natal i zumab in patients with active Crohn's Di sease

in March 2002 and received three doses concomtantly

with azat hioprine prior to being random zed to

pl acebo in a Phase 3 mai ntenance study. He remai ned

on azat hi oprine and placebo until Novenber 2002 when




they had any active neurol ogi cal deterioration for

whi ch PML coul d not be -excl uded as a di agnosi s, _

showed. MM abnornmalities for which PM, could not be
wWOo2DEW3WAt, or their CSF had detectabl e | CY DA/US2607/005265

titers. [60] Criteria were established prospectively

for the neuroradiol ogi e evidence and | aboratory

assays for the diagnosis of PML. A diagnosis of

"confirmed PML," was defined by presence of

rogressive clinical disease, gns t %‘cal of .
MRPivBin sear potorrddn ecwmbrie 104 rewmledeh gt Tagmpenntensity and
T1-EBBIH IR b exBilonGhtfthe EUHHER Einio0uR 66 UORnEWME Nithout G-

progressive neuro i cal disease,
enhayRFmenrts iSha geagdeditypicontrsenef IPph dose %ffrabigs @ver/be nexhigw months, but
contHucl o JEHRE! %ﬁé fecdfv¥a %aﬁﬂiaﬁg 8f %@gi&n&bﬂﬁl MRhaldAR, 2005. She

Suspl ClI ous. case was deene ermnate” |
was réadmittethis the hegpatal omFelyRirydds @0@ with oforsupingglthical status. A

repep AR MR S oo 20yl sERLBOE BEHE 13 o proviousty.

- An gxtansiveiwakivg qveT eSieNSwpelt ferpaled JQngalDBAGInthe IﬁfﬂFsresultmg m
_ ' /
e PRSI ShaBp b R b 41y MLt rveaed

: nomﬁad mrms adgtestemddnce bl wpmntgmtmnnfem¢m Tbaqb,rest @dmtlmtmn revealed
m.t he SESSk r qc cl.
exte 1v? geve;re ﬁaévdfl OP% éxllac a 2, )E(i]ae%eﬁr; o osl‘g)h!ﬂ% %l%mn&qg&%'g-cawmted
ovoidakdas aitmoghouBt}mo.wlhmmpttas)ﬁhettehmiusphe:@ typictiool PML, ROERg

T AT e T

TyleeX¥ieErAglSE M. 3831869-694@005@) sorders i ncluding the

o5t SR bR AR R rh hD  t BE i T Srabroms of

rela;g;i@n&ﬁﬁttin‘g QIS irk DOSHL &’Eﬁq:l’aﬁh medicalihisoryds hxgniﬂfeh@t for auricular zoster,
1S I ti.es .0
Ranms” BEHmRor o ooy s Jemavg i e B L6 with M.

He Mbbeﬂ\/ﬁeatéﬂ @ih' AV m@a%ﬁncwwgsh endh@tperignauditreetrélapses the year

Wwer e asses their i n Si Ci 3,116.o0f
befoll o Riag 1 e ehonapap ot iia sk Bing whfin i Spdidioed no
relapi3ad mfamae&iaadfpﬂfgeeslmgl gieaemgaﬁv@ﬂmmﬁimammﬁﬁ asibodies and

trial and were jncluded, as a. contr rou
his sqp paRER T o SRALELEEh S S 30 HAsa Sihe gy gopulations
throd A8 Ehﬁﬁﬁ@eﬁrheunat0|d arthrltls patlents) wer e

lost to foIIom#u Anon atle 0 ) ]
[0563 T4 Pelolpsr S04 BB T FEPabpE o0 oAl Par GG R paging lesion
on 18 righfl QY WRHRALITASD ﬁ%tamlsnbéchﬁeﬁ, REEdemEihg ! TR hgpdrtdnse lesion.

nat al i zumab dose. patients _were referred for

In Nfsmrflherfm@éa%e&hﬂawd EGF’&Y‘H@% EhEEeR fellowedhyhenpipgrpen pd cognitive
impdit &t VeTi £ 1at €I RE b Hatd i Burh&b WEIHMODQEHRL 206, S_IﬁerBﬁaa@ﬁQOOS

one due to _possible PM. based gon MRl fi ndings.
despife srgatrpspit @whéflglé desevigirgvengpemetiylrredrdsqlengy He §P§h’6‘i"’d to
detefibfatd. A bRgn Wscﬁﬁ“iﬂ eat 005 'RehoBASLE @hekdidbbLBE previcusly

caoncern. Repeat and F anal ysis excluded Pl VI L

idenfificd lpgiogn d trvéiﬁevqmé AISKIBEYVE A OURIPF RO SF apalyys gy brain

biophl SvHict AulE PRNHS di2A6AS 6f BXEL NBSIHirAtdabihédtivias initiated without
patients who part|C| ated in the safet% eval uati on,

clinipalozfiret eTheakShvigg!tload decrpased Hos plespe apf GSF qugs fhegisgbfow

monthk 70T éﬁﬂésﬁéﬁﬂeﬁ%‘ Flither -‘Egﬂeﬁ&ﬁu@h\!& hidihRA! e Mid development
eval uat ed, 1ncluding one due to clinical or
of Geeeahanasns lssions gn{lsonSsob adUR oDy Serardimtio fafkgealory
on MRI, one due to high plasma . TCV copy nunber, and
one due to an inability to perfornle in a patient
wi'th a normal neurol ogi cal exgga nation. The higher
rate of exam nation of Croluis D sease conpared to NS
was predom nantly driven by the | ack of baseline M
scans for conparison in the Crolns D sease

popul ati on_ Most cases were deened not to be PM.
based on reV|em10f neurologlcal exanination, MR and,




[67] Serum sanples were available fromthe three
patients with confirnmed PM. obtai ned both before and
after diagnosis. Only one patient, the patient with
WOoQoee3s2Di sease, had detectabl e JCV DNA i n (AOH/ISee00/005265
prior to the onset of his synptons. The other two
patients had no detectable JCV DNA despite being
clinically synptomatic for the di sease and
mani f esti ng changes on a brain IVIRI scan. The

observations in these groups of patients are
Syndeomgi Flecantiphadio mereiedteatnes iitheidpiopEy id sygarabine was added.

AppRRIRASH AhbREs Ffwih D 8is0BiRliES SRR uhiaY, %%Daﬁ to improve.
plasma”i s neither &éedl ctive nor diagnostic of PM.

He iq £8¢ ta epryemsmany can held dighplesplapsrgsaticns ebguidiswsdigelpourse and
treatdEh{ P{lﬂﬁg sE@%ﬂi&H %1&Q%§ﬂ?{§%l}%%‘ﬁﬂﬂe%ﬁﬁ 1 n'iifﬂaresir and ataxia

nat al' i zumabiz treat ed pat | overed no additiona
(LangemGouldet abd¥ Enan . ke 353:3Me3 80424053 000 patients

- e Xani . r t] P e T
0570 5 A 244 L s A0 S GG o i
Overrthe opmsooflhia ilidass, thieshad baeh weated withazabiepring drelrbudesonide,

. i t - i i- i Ly t . . .
R
hematbpgitss] prajomvinaiily lyepbspaiialashanc@ralsines 1906 end eeceivse,

a i,ai .1 y. ri i NI i - :

ot Sl il in 6! e IR HANEEa Blaalolilizumats in
patiebissrigls actvleiCrobalh Diseiasd in March 2602 frod eecajypd threerddseb goncomitantly

.. 1/ 1. 000 W _t:h 95% confidence . r.yalg.l '
with Jeahipgiat bl @ iRt B8R B8 fp bl ik A prh L SR B srudy. Fre
remaieddincizathioprine a0kl piprelss notildfoveidher 2603 whte atathibprine wias

. blished literature (Kitamnu t al . l.nfect.
disodifigued 35Kt rob S8ty el iE i 2003 nele Sl uen-Tabel
treatiNett aith n3atiAbdatd e (whORSYativEEsT angisnailizainab\dntibddigh/and his serum

*concgiPdg of SRl B BB f trmeangtghe Fyfbepdn gk Froughout
his padRgQtioknowl es etal ., .1. Med. Viral. 59:474-479

108} bbb s aobin s i P e raspted with o one-

weekBIERTP6 ESRMltiveictite. OA bidie MRI &em @ivofistiAed\i fafgdM-hyperintense

. befqre, DNA was detected jn the plasm. .|
tesion i g BoEtpl 19U, SRiCe it get BTSSP e i D e} Gpotal and
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[71] The safety of natalizumab in conbination with

gl ati xaner acetate was eval uated by adm ni stering

natal i z-unab over six nonths to patients who
woossviopued to receive 20 ng of daily gl atir ar€I/US2007/005265

acetate. There were no interactions between

gl atiraner acetate and natalizurnab pharnacoki netics

or its ad4-integrin receptor saturation. However, this"

study was of insufficient size or duration to

establish the long-termsafety or efficacy in this
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Neurol . 14:271-278 (2001); Ferguson et alL, Brain 120
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Expanded Disability Status Scale (EDSS) is an

extensively used tool for tracking the course of

disability in M5. It classifies the nbst comon
WONBR7aW310ei at ed neur ol ogi cal inpairnments into PCIUS2007/005265

disability levels ranging fromO to 10; wth each

successive step describing a worseni ng of disease. In

the lower range of the EDSS scal e, disease

progression is primarily defined by increasing |levels

of diability in specific functional systens neasured
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[82] The primary endpoint of these studies was the

annual i zed rate of clinical relapses. Two of the

secondary endpoints were two supporting Mal measures
woeiesliammat ory di sease activity, nanely, tRECTRERMT/005265

nunber of new or newy enl argi ng T2-hyperintense

| esions (neasuring |esion accunul ati on over tine) and

t he nean nunber of Gd-enhancing | esions (neasuring

acute disease activity), as ranked in order of '

[ The proportion of patients remnmaining
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occuRERTML e 1q R MSrcasssiiad ops @r?%%\lefseaw case, as originally
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[86] MS patients treated with natalizumab al one had a
42% 1 ower risk of their disalyldity progressing
conpared to placebo, as neasured by changes on the
EDSS, the primary endpoint of the study at two years
(p<0.001). The percentage of patients estinmated to
progress was 17% and 29% wi th natalizurnab and
pl acebo, respectively. In addition to the EDSS,




[87] A significant nunber of patients who receive the

currently approved therapies continue to experience -

di sease activity, as neasured both clinically and by :
WONMY7/TIBILE | s an expected outcone of these parPCIralse§07/065265

ef fective approved nedications, each of which | eads

to an approximately 30% reductlon in relapse rate

(1FNB M5 Study Group, Neurol ogy 43:655- 661 (1993);

Jacobs et al., Ann. Neurol. 39:285-289 (1996); PRI SM5

St udg G oup, Lancet 352:1498-1504 (19%52 Johnson et
1135(1990doretergyt ab. Az demr e’ (4543 (1988 DaFientidhe Firology
198:5b: %?1@94) gb&m%t al, J' BHR! A856h0f. 8k: 1%?@6&(@9963%%6&% etal,

how t'hat 62%to 75% of patients experienced
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nataBlumAE Qe gd¥bondd E6REr \ﬂ!ﬁ%séﬁ@@ 9)1’1’1618&:"{’& Qs Qfatiéthts who discontinue
Neur ol ogy 50:1266-1272 (1998)). In addltl on,
nataligyrasht BEFRY 09 ok WYWWEWW%RW@H disease activity.
thlmu k}f@ﬂ@ﬂ&%&Sl on of the chenol ci nesKAI\ITES and
as their receptor CCR5 8 el gl
[0703 In m{chpmuedﬁg stugy, the oimensiyton é:gé NEX™ appeared to be
assot:ﬁ?é'dq{uﬁ'i Sn iR fdaCP s th Gefud éeBhiEatoRs @fﬁzﬁﬁﬁz&ﬁhﬁmta%aﬁ cohort on
| ockade of a4-integrins by nataliztunab, when added
whoﬂblﬂtweﬁﬂrémolqmyc rervRling watRArfoped o Fogrye: §psediupon a
ef fect when added to interferon-13 alone. [89] :
Nat al i zumab was al so proven efficaci ous when used to
treat patients concurrently receiving treatnent with
AVONEX(r). Prior to receiving natalizumab, these
patients were experiencing disease activity despite
active treatnent. Thus, AVONEX(r) served as an active
control. The study denonstrated that natalizumab,
when added to AVONEX(r), resulted in a 24%reduction




WD 2007/ 103112PCT/ US2007/ 005265 tunor necrosis factor

(TNF) antagonist (Durez et at, Arthritis Rheum 46

(9S):536 (2002)). There was also a report of PIVEL in
woeoCrwbt2s Di sease patient, but the conconi t &8T/US2007/065265

treatnments were not speC|f|ed (Garrels et at, Am .1

Neuroradi ol . 17:597-600 (1996)). [93] The pat hol ogy

of PML is distinctive and conprises nultiple foci of

denyel i nati on of varying size from pinpoint |esions

to areas of several centineters. The |esions may )
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was SRSl 95 RyaR i ULt B onE JErn ety of pfoeey in this

popuil&idh(4- 479 (1999) Dorries et al., .1Neurovirol.

9(Supp| E 81- 87 (2003)). These fi nd| ngs are neither
Effigiiex o &Y B di agnostic of PML in these patients;

thmm@gcgraglgonshl p of bl ood or urine viral load to
IS uncl ear [ 95] . The c i ¢al ent ati on of
(072 & 4 %F@@P;ﬁl%ﬁeﬁ]dlewm&rp 9l ¢P. 13 fmperate zones such as the
Unitedl StatésOitel iRBidcel Jrasi résahiawly h e@ s;q oa 000 pkr @E@y@dm Blational

as a result of viral in ecti on, nati on

MS Speisly; NMGS) yitha Uipraplance e 3000t 400 PR s a discase
of &E%Sﬂlh@tﬂrﬁﬁ‘arhﬁ horfkirf G8thefiidasd Sndei tyfpkﬁl’ﬁ/ bB&urring between the ages

elination associated with M5. I'n contrast_to

of 2@ o #0hBhe B phimigel piifesistinns oEMS Ry L Ike trerfary @§ ajcljnically
isoldtéd §matdnsd Eﬁ&tmgkiﬂé’&%tﬁﬁfeﬁ@(diﬁc EuRA)] Sitad cWid C!:ransverse

resent with vi Sual | 0Ss or cortical blin

myelifig)honbretstam/cerpbellusn Runmarker andiAndersoay Brpirmd He: &i’i’ éﬁ4 (1993)).
Esﬁﬁﬁ%&p quﬁl\é bl @Pgﬁﬁmf Héﬁt@iﬂy%o on t@&'e{relolgM.‘f‘ varydely, but,

t 22:1 195 (20 so unli ke
mﬂh@mqocafmﬁpsxemsﬁath%mmcp PENEiknlpsiopapn HART qtﬁ%%bme of the attack
mdu%ﬁfé‘% %@&e@'ﬁz@n%% Gaby o§&mgﬂfg i SRt MPW AW B years

progressi ve course t en, atl ents and their

(O'Riiendith tleal., drain 194 1495533 &1@9&9@5@@@% Naeelogy 52 PRP-606 (1999)).
[o—/agc R e@%gg&gx e;?vé ﬁﬁeﬁ%ké&%napm%a tQB wlwﬂeﬁ%cnvamd T

I'ving, even pri
lymyphosgten cooss the bimdrbramahg@sr and indtintor e¢i qsaf events leading to activation

of e&&&%@lﬂ?&élﬁptecm%&q Qyzé&tﬁt’ﬁﬂz& lyxﬁgﬂo@?eg leé th{’lgc@}ﬁes, and release of

pro-inflammatory cytokines. MS lesions typically consist of immune cells, demyclinated
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[096] 1VIRI is a sensitive tool for the detection of

PM. lesions in the setting of clinical signs or

synptons, although it may |ack specificity. Typi cal
wWONBY18811dns, denyel ination from ot her causes PLEAEE2007/065265

encephal onyelitis, HV encephal opathy), gliosis, and

edema can often have an appearance simlar to early

Pl YEL | esions. However, as shown in Table 1, there

are features of PM. lesions that help differentiate

them fromother etiolo es (Post ef, .al

axonfenligsfensironytesastenuine FOUECLnrg§9) prolfsTaing cgfrbggtes, gpd varying

dogrd W axbos %‘é&éfuswe?ﬁggs)g @ﬁciybésﬁﬁ%g?f&?ﬁs%kmtorma (INF-e) and

interfdeen gdmmAGFNgLingera®syidhinaruyge adls,mnﬁhﬂzmgam@qess The
t al
a0 P el f il Herth iichon g wans.
endoHanl\ﬂBF@vﬁhdmahﬂmmnftoryeaﬂd ﬁemdhs blvbéstte,axrf @wrads ﬂm’alpod—bram
.af f c:t e r rain and.s ite
barrigy %e)' ops s 6?’?&%? %ou Imel\é\?%nngarr are dlcrmcal step

mthﬁwbe&ffuse mai nly sub-corti cal rarely
ite m

174 Embtiang S8 dEmendr TR deL R s e ek P BBl R e course of
MS. Bshede thséed axdrsagill enicynerate i thed” (S sraelyelffectiye treatment
aimed at suppressing MS lesion formation is of paramount importance. As early as disease
onset, axons are transected in lesions with active inflammation (Trapp et al., N. Engl. J.
Med. 338:278-285 (1998); Bjartmar and Trapp, Curr. Opin. Neurol. 14:271-278 (2001);
Ferguson ct al., Brain 120 (Pt 3):393-399 (1997)). The degree of demyelination is related to
the degree of inflammation and the exposure of demyelinated axons to the inflammatory
enviropment, as well as non-inflammatory mediators (Trapp et al., N. Engl. J. Med.;
3.38:278-285 (1998); Kornek et al., Am. J. Pathol. 157:267-276 (2000); Bitsch et al., Brain
123:1174-1183 (2000)). There is also destruction of oligodendrocytes with impaired
remyelination in demyelinating lesions (Peterson et al., J. Neuropathy Exp. Neurol. 61:539-
546 (2002); Chang et al., J. Neurovirol. 8:447-451 (2002)). The loss of oligodendrocytes
leads to a reduction in the capacity to remyelinate and may result in the loss of trophic
factors that support neurons and axons (Bjartmar et al., J. Neurocytol. 28:383-395 (1999)).
[075] The typical iﬁﬂa:mnatory lesions of MS can occur throughout the CINS, but certain
sites seem particularly vuinerable, such as the optic nerve, brainstem, spinal cord, and
periventricular regions of the cerebrum. Ii is the resulting loss of myelin and nerve fibers in
these areas that leads to impaired neuronal conduction and symptoms such as weakness,
sensory loss, visual loss, double vision, and imbalance. In relapsing remitting MS, these
episodes of demyelination typically result in several weeks of neurological dysfunction
followed by partial or full recovery. However, more severe attacks may result in permanent
deficits. The recurrent attacks over time lead to accumulating physical disability and
cognitive decline, |

[076] A number of measures, including clinical measures, those based on MRI scans, and

those based on quality of life, can be used to assess a product's efficacy in treating MS. The
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Shar p edges, shapes nostly round or finger-I|ike

(especially periventricular), -confluent with other

single lesions, U fibers nay be involved IIl-defined. .
wogdejew31iinfiltrating, irregular in shape, coRCGIASA07§05265

white matter, sparing gray matter, pushing agai nst

cortex, U-fibers destroyed Focal , enl argi ng of

| esions within days/weeks, |ater decreasing in size

wi thin nonths Acute | esions nay show sone mass effect

Acut e | esi ons: gperl nt ense center, isoinvhse ring

Expagidgéd D@saéﬂﬁy Statnsbeaie (HDSS)oF pr axtensivaly part topLigr tracking the course

ﬁtquh RRA O U MostRBmERA MECRER iMed Readbldgical
Ofleggl megirﬁt%o vvhllﬁ?se mat t er track; Sp?:ll‘l ngfc imparments

into digalibity lege_}mangmg@om& edile withsach successive step describing a worsening
of disease. In the lower range of the EDSS scale, disease progression is primarily defined

by increasing levels of disability in specific functional systems measured during
neurological examination. Scores of 1.0 through 3.5 describe mild fo moderate disability in
the functional systems. Higher scores, in the range of 4.0 and above indicate increasingly .
severe disability that affects ambulation, including the need for assistive devices such as a
cane (an EDSS of 6.0), a walker (an EDSS of 6.5), or a wheelchair (an EDSS of 7.0).
Scores higher than 7.0 classify patients confined to bed.

[077] The MS Functional Composite (MSFC) (Whitaker et al., Multiple Sclerosis 1:37-47
(1995)) is also used to assess efficacy. Unlike traditional MS clinical outcome measures
that are derived from the standard neurological examination, the MSFC is based on
quantitative tests of leg function/ambulation (the T imed 25-Foot Walk), arm function (the
Nine-Hole Peg Test), and cognitive function (the Paced Auditory Serial Addition Test
(PASAT 3)) which expand upon the measurements of the EDSS and assess effects in
clinical dimensions not well captured by this scale.

[078] MRI is another tool for assessing efficacy in treating MS and can be used alone or to
support clinical data to assess therapeutic effects on relapse and disability endpoints. MRI
is a sensitive tool for moniforing disease activity, detecting approximately five to ten times
more disease activity in both relapsing remitting MS and secondary progressive MS patients
than is clinically apparent (Isaac et al., Neurology 38:1511-1515 (1988); Willoughby et al,,
Ann. Neurol. 25:43-44 (1989); Khoury et al., Neurology 44:2120-2124 (1994}; Thompson et
al., Ann. Neurol. 9:53-62 (1991); Thompson et al., Neurology 42:60-63 (1992)). T2-
weighted sequences in MS patients detect new areas of acute demyelination, as well as more
chronic areas of demyelination and gliosis. For this reason, T2-weighted MR1 is a good
technique for monitoring the accumulation of lesions over time, either as a count of active
lesions or a change in the total volume of such lesions.

[079] Infusion of gadolinium-diethylenetriamine pentaacetic acid (Gd-DPTA) during
acquisition of T1-weighted sequences allows for visualization of blood-brain barrier
breakdown secondaiy to the inflammation characteristic of acute MS lesions. The evidence

to date suggests that gadolinium (Gd)-enhancement is a useful marker of disease activity
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WO 20070109dd ar eas Neur opsychiatry Cin. NRGTAEEP07/005265
15:1-6 (2003)). The location of lesions and their
nmor phol ogi cal characteristics, the absence or an
atypi cal presence of gadoli ni um enhancenment on
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magneti zation transfer 1\4Rl ﬁ){ al so hel

that QTP shisicelslapas {MPLRES ¢ oA Ph A3 3R (1998);
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., Radi ol ogy 21043 (1999): Hurley et al., J.

(2003~Europsych| atry din. Neurosci. 15:1-6 (2003)). [98]
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selectet tounersins: tho affectaeiindiyliningdt groihe mmfopy%pects of the disease
nmunof uor escen 0
ater P oot SR o Bl Rl FRET LY o e By ofbiation n the
monSthBRiby isiedyahd0os penexftﬂeaﬂsen;thefaulﬂ-ctdﬂempﬁgmdy} s of PM_.

oea] a5 B, St b B OB Uit

Twohﬁ’lﬂief)ée@gﬂd ol edfointt Wete fvd@ﬁlb prtiﬁgti!dﬁm netasiks of ihfiMadhatory
Vira 39: 27 1 (199
discA’s QR MRy O mig ughoee o B o ofly g epbuense
lesiohd @ﬁéﬁ)mng' agivneicclinulatibn ofextivne) andrthe mem hhmb&yaﬁiﬁd—enhancmg
i e S AR e LS PR b
ofparﬁ%ﬁts: rkﬁmrﬁxegoﬁmps&@te Emd%n@éd Tem}mdmf daf]y diéispgﬁfctl on of JC

vira ye ana O t or
r053{; PptioRirif of GPORNIE s R R PERSIRBoA G 0y following
two $&id bf MatilRmthbagnaskst. dheRMipoints for this final analysis were selected to

determine natalizumab's effects on measures associated with MS disease progression. The

primary endpoint at two years was the time unti] onset of sustained progr_ession of -
disability, as measured by changes in EDSS scores. Similar to the one-year analysis, the
secondary endpoints were additional MRI and clinical measures that would support the
primary analysis. The secondary endpoints at two years, ranked in order of importance,
were the rate of MS relapses (to confirm one-year relapse observations), the mean volume

of T2-hyperintense lesions (a measure of overall MS disease burden), the mean number of
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[0100] Untreated, PM. patients have a nortality rate
of 30%to 50%dur|ng the first three nonths
(Koralnilc, Curr. Opt. Neurot 17:365-370(2004)).
WOR0 03112 the introduction of hi ghly active PCT/US2007/005265
antiretroviral treatment (HAART) for HV, about 10%
of patients with PM. survived for |onger than one
year. However, since the advent of HAART, about 50%
of patients with PM. survive for |onger than one year
due to restoration of immune function as. WO
T1-hyponieneslcsipRel mm¢m@2@5losmdmeﬁeeﬂ%eﬁ@a@wm§
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[0103] /CV infection is usually sub-clinical, is

al nost universal, occurs in childhood, and persists

for life. It is estimated that 60-80% of adults in

WORM¢Bel1and the United States have anti bodi e PCT@ISI@V/005265

and that 50% of young adults in the age range of

30-39 years have been infected with JCV. JCV and BKV
are believed to circulate independently. It has been
proposed that JCV establishes latent infections in

t he ki dney and/or the CNS after a R,
( Degpbagation 4 bezapy of INags izgmab apd AVGNEXg| | | Dougl as
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[0110] Patients who are clinically stable on current

therapy al so have an altered benefit/risk ratio. If

safety or tolerability concerns exist on the current
WOR0eHM0AEAt , or i nagi ng studies indicate acti WPET/US2007/005265

i nfl anmat ory sub-clinical disease, natalizumab

treatnment woul d be appropriate. In considering the

benefit-risk ratio, it should be considered whet her

the patient has previously suffered a

hypersensi ti vi reaction or, devel oped, persi stent
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or optic nerves is rare. Instead, about one-third of patients will present with visual field loss -
or cortical blindness with another third presenting with altered mentation or behavior
chang_es (Dworkin et al., Curr. Clin. Top. Infect. Dis, 22:181-195 (2002)). Also unlike MS,
hemiparesis is a common presenting symptom. These symptoms are typically subacute in
onset and follow a slowly progressive course. Often, patients and their families are the first
to notice the onset of PML through changes in the ability to perform routine activities of
daily living, even prior to presentation with changes on neurological examination.’

-4] -



[0119] The exanples, which are intended to be purely
exenplary of the invention and should therefore not
be considered to limt the invention in any way, also
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WO 2007/ 103112PCT/ US2007/ 005265 Table 2. Efficacy of
~Natalizumab in Phase 3 Studies Monotberapv Add-on

t her apy _
WO 2007/103112 PCT/US2007/005265
outside ring structure; compared to old é:reas, little irrepular
Sub-acute/chronic lesions: hyperintense,  sigoal intensity of lesions
no ring structure
T1-weighted sequence Acute lesions: densely hypointense Slightly hypointense from the onset,
(Jarge lesion) or isointense {(small signal intensity decreasing over time
lesion}, increasing signal intensity over and along the affected area, no
time in 80%, decreasing signal intensity  reversion of signal intensity
{axonal loss) in abouf 20%

Flair sequence Hyperintense, sharply delineated Hyperintensity more cbvious, true
extension of abnormality more clearly
visible than in T2-weighted images

Enhancement Acute iesions: dense homogeneous Usually no enhancement even in large

. enhancement, sharp edges lesions, in HIV+ patients some
Sub-acute lesions: ring-enhancement peripheral enhancemsnt possible, -
Chronic lesions: no enhancement especially under therapy
Awrophy Focal atrophy possible due to focal No focal atrophy since extending
white matter degeneration, no pathological process is slightly pushing
progression apainst cortex (extension of tissue)

[097] MRI analysis can provide a differential diagnosis of MS and PML in patients
receiving natalizomab. Patients suspected of PML demonstrate the presence of multifocal,
asymmetric, white-matter lesions reflective of demyelination by MRIL. T,-weighted and
ﬂuid-attenuated'inversion recovery {FLAIR) MRI reveals hyperintense lesions throughout
the supratentorial snbcortical white matter (Post et al., Am. J. Neuroradiol. 20:1896-1906
(1999)). ‘White matter lesions of PML are typically not surrounded by edema, do not

: produce a niass effect, and do not enhance in the presence of gadolinium contrast material
(Post et al., 4m. J. Neuroradiol. 20:1896-1906 (1999)). However, hyperintense T>-
weighted and FLAIR images are not specific for demyeliliatien and may represent gliosis or
edema. Other demyelinating, encephalopathic or ischemic processes such as MS, postviral
encephalitis, HIV encephalopathy and infarction, may demonstrate similar non-specific
imaging features (Olsen et al., Radiology 169:445-448 (1988), Hurley et al., J.
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Pl acebo300 ng natal i zumab AVONE3C +AVC NEX +

pl acebo300 ng natal i zumab Nunber of patients 315627

582589 Percentage of patients with sustained '
wopRfgwessi on of disability 29%47% PCT/US2007/005265

Neuropsychiatry Clin. Neurosci. 15:1-6 (2003)). The location of lesions and their
morphological characteristics, the absence or an atypical presence of gadolinium |
enhancement on T;-weighted images, and the implementation of magnetization transfer
MRI may also help differentiate the demyelination of PML from other demyelinating
processes, edema or gliosis (Ernst et al., Radiology 210:439-543 (1999); Hurley et al,, J.
Neuropsychiatry Clin. Neurosci. 15:1-6 (2003)).
[098] The clinical diagnosis of PML is confirmed by histological and virological
examination of brain material obtained by brain biopsy or at postmortem. Before a biopsy
- is done, both serum and CSF should be examined for antibodies against JCV. A positive
result will not confirm PML, but a negative result makes the diagnosis of PML very
unlikely. 1t is rare to detect antibodies against JC in the CSF, and when they are detected, it
is suggestive of active multiplication of JCV within the CNS. The brain biopsy or autopsy
material can be examined by electron microscopy or immunohistologic electron
microscopy. The specimen can also be examined directly for JCV antigen by
immunofluorescence or immunoperoxidase staining. Viral isolation of JCV has been
reported to be difficult, but may be attemptied from primary human fetal glial cells. The
presence of the virus in culture is confirmed by electron microscopy, immunofluorescence,
or haemagglutination. _
[099] PCR analysis of the CSF for JC viral DNA is a highly sensitive and specific test for
the diagnoéis of PML. The specificity of this test. approaches 100%, with a sensitivity
ranging from 60% to 90% (Henson et al., Neurclogy 41:1967-1971 (1991); Gibson et al., J.
© Med. Virol. 39:278-281 (1993); Weber et al., AIDS 8:49-57 (1994a); Weber et al. J. Infect.
Dis. 169:1138-1141 (1994b); Vago et al,, J. dequir. Iimm. Defic. Syndr. Hum. Retrovirol.
12:139-146 (1996)). In cases with a high clinical suspicion of PML and negative CSF
results, repeat testing often leads to detection of JC viral DNA. As soch, PCR analysis of
the CSF for JC viral DNA has grown to be the preferred method to confirm the diagnosis of
PML. '
[0100] Untreated, PML patients have a mortality rate of 30% to 50% during the first three
-months (Koralnik, Curr. Opt. Neurol. 17:365-370 (2004)). Prior to the introduction of
highly active antiretroviral treatment (HAART) for HIV, about 10% of patients with PML
survived for longer than one year. However, since the advent of HAART, about 50% of

patients with PML survive for longer than one year due to restoration of immune function as
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299%823% Hazard ratio (95% confidence interval) 0.58
(0.43, 0.77) 0.76 (0.61, 0.96) Ri sk reduction 42% 24%

p-val ue p<0.001 pll.024 _
WO 2007/103112 PCT/US2007/005265

CD4 counts increased as a result of immune reconstitution inflammatory syndrome

- (Geschwind et al,, J. Neurovirol, 7'353;357 (2001); Berger et al., Ann. Neurol. 44:341-349
(1998); Clifford et al., Neurology 52:623-625 (1999); Tantisiriwat et al., Clin. Infect. Dis.
28:1152-1154 (1999)). ‘ .

{0101] Currently, there is no established drug treatment for PML. Various medications
have been tested, including acyclovir, idoxuridine, vidarabine, amantadine, adenine
arabinoside, cytosine arabinoside {cytarabine), cidofovir, interferon o, interleukin-2 (IL-Z)
zniovudme camptothecin, and topotecan (Koralnik, Curr. Opt. Neurol. 17:365-370 (2004);
Dworkin et al., Curr. Clin. Top. Infect. Dis. 22:181-195 (2002); Seth et al., J. Neurovirol.
9:236-246 (2003); Collazos, CNS Drugs 17:869-887 (2003); Mamidi et al., J. Neurovirol.
8:158-167 (2002); Przepiorka et al., Bone Marrow Transplant; 20:983-987 (1997);
Redlngton et al., Arch. Neurol. 59:712-718 (2002); Padgett et al., Prog. Clin. Biol. Res.
105:107-117 (1983)). However, the survival of patients with PML appears to be best
correlated with immune reconstitution. In transplant patients with PML, early dosage
reduction or/and discontinuation of immunosuppressive therapy was associated with
favorable clinical outcome after PML diagnosis (Crowder et al., 4m. J. Transplant 5:1151-
1158 (2005); Shitrit et al., Transpl. Int. 17:658-665 (2005)).

JC Virns (JCV)

[0102] JCV is a member of the class of human polyomavirus, which belong to the
Papovaviridae family of small, nonenveloped viruses with a closed, circular double DNA-
stranded genome. Polyomaviruses can be distinguished from papillomaviruses by virtue of
their smaller virion size and different genomic size and organization. Polyomaviruses are
ubiquitous in nature and can be isolated from a number of species. JCV was first isolated
from the brain tissus of a patient with progressive multifocal lenkoencephalopathy (PML).
JCV shares 75% nucleotide sequence homology with the BK human polyomavirus (BKV),
which was isolated from the urine of a renal transplant patient with postoperative ureteral
stenosis. BKV and JCV each share 70% homology with SV40. The two are not
serologically cross-reactive and serologic tests for antibodies are able to distinguish between
BKYV and JCV (Demeter, in Mandell et al., eds., Mandell, Douglas and Bennett's Principles
and Practice of Infectious Diseases, 4th edition, Vol. 2. New York, NY: Churchill
Livingstone; 1995:1400-1406).
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Annual i zed rel apse rate 0.7330.235 0.7490. 336
Rel ati ve reduction 68% 55% p-val ue p<0.001 p<0.001

WO 2007/103112 PCT/US2007/005265

[0103] JCV infection is usnally sub-clinical, is almost universal, occars in childhood, and
persists for life. It is estimated that 60-80% of adults in Europe and the United States have
antibodies to JCV and that 50% of young adults in the age range of 30-39 years have been
infected with JCV. JCV and BKV are believed to circulate independently. It has been
proposed that JCV establishes latent iz-lfections in the kidney and/or the CNS afier a primary-
infection (Demeter, in Mandell et al., eds., Mandell, Dougtas and Bennett's Principles and
Practice of Infectious Diseases, 4th edition, Vol. 2. New York, NY: Churchill Livingstone:
1995:1400-1406). During immunosuppression, it has been postulated that latent JCV is
reactivated in the kidney, which may lead to viruria. While viruria may have some
predictive value for PML, since it does not ocour in the majority of PML cases, measuring
JCV in the urine alone is not sufficient to diagnése JCV.

{0104] When JCV travels through the bloodstream to the brain, it may attack myelin-
producing cells. The resulting brain infection produces neurological symptoms which may
include ataxia, loss of cognitive function, visual loss, changes in balance and coordination,
and loss of sensation. Death commonly occurs within two years following diagnosis.
[0105] No specific antiviral therapy that has been proven effective for JCV, and current
treatment of immunocompromised patients is primarily supportive and intended to reduce
immunosuppression. Cidofovir is currently being studied as a treatment option for
transplant patients, and cytarabine can be used in the treatment of PML, although there is
currently conflicting data regarding the efficacy of the latter (Demeter, in Mandell et al.,
eds., Mandell, Douglas and Bennett's Principles and Practice of Infectious Diseases, 4th
edition, Vol. 2. New York, NY: Churchiil Livingstone; 1995:1400-1406; Salmaggi, Newrol.
Sei. 22:17-20 (2001)). |
[0106] The cellular receptor for JCV has been reported to be the serotonin SHT2(A)
receptor (Elphick et al., Science 306:1380-1383 {2004})). In vitro, the antipsychotic
medications ch}orprqmazine and clozapine were shown to block the serctonin SHT2(A)

- receptor and to block JCV cell entry. Unfortunately, however, chlorpromazine and
clozapine have such-si'gniﬁcant side effects and toxicities, e.g., extrapyramidal symptoms
and the possibility of bone marrow dyscrasias that they may be problematic to use
clinically. The invention provides that newer atypical antipsychotics, such as zisprasidone,

risperidone, and olanzapine - medicines with much better side effect and toxicity profiles
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ages and di sease severity, and represented the
current relapsing Ms popul ation with active di sease,
consistent with the approved indication. Patients
than WMe did&rd d.nﬁBEychoﬁf:s SRE SPAIGEE DS 0YFEsREMSHIR(AR teptor antagonists in
excl ude [ 0125] qug$at|ent popul ations targeted for
W””FF%‘@%B“@Wﬁaﬁﬁgaﬂﬁ Patients in the nonot herapy
[01031 Adyxd\e%ﬁe@&ﬁ%eim@éw 1658 € abaldbleet@tdmt J@UI &g Bomplement-
| mmunonodul at ory. dr ug eC|f|c atients
A R A A SN T tggsay (ELA),

radl&ﬂnﬁxdn%fsa{z EROA, Bhrtﬂleaéggltﬁiﬁﬁﬁo@(iﬁhﬂhﬁhuéﬁﬁcd&c@ﬁﬁ) Qﬁlgle radial

| onger .t han si’x nonths and not within six nonths_of
hemelpeis.angi Westarm bt s sepsitiyity apbsneskisity viges &reﬁ%hﬁween

dlffe%ﬁ? Eéc‘lﬂnifqﬁgﬁl ﬁiosﬂ\@clﬁﬁﬁ)&gs%ﬂl‘ﬂété% 5N cRsIER S LAY Hh&Sas some
baseline di sease activity (typical of the general

assam DoBlbElbrind If epy be dosignedin derrbera sPrege shBoHer sxample,

I I%@J ulator prior to study entry. [0126] Patients
M Ee d-on therapy study were required to have

Patlﬂ!?cﬁ;-qlmﬂmﬂm@@@afﬁo’r ¥PeYi ous year and to have
[o1 ngﬂg?vr$ﬁa@;§zﬁwﬂyﬁé1%oﬁ Raips Hﬁ%ﬂ%'ﬁ@b&i&ﬁﬁ}{@@gﬁle of natalizumab.

IS resulted’in ul ati on somewh ‘
Nataljperaeb bardrmonstrated effieachim B? Byalg@ gefEnts itk ﬁm%{l to moderate

dlStﬂll%ﬁ@béﬁn@ £559) gkl chﬁi’QMé:é'ase RS U3 ekﬂn{uﬁeone relapse in

erapy study had simlar degiee of
the )dmmeta@mdm eln;r}'hsltlhhbs}éo dmph@amﬁfﬁh@wappa@@%ymh mild to

modgr ga%l %%%gr‘? a5e M’\‘ﬁsﬂ1té-§&ttﬂgnt with B-interferon (for

|zu b in t acture of medi canent  f or
exaxmﬂe cmeealapm thé yearppaior tnstudy ety nvmwrﬁ%ﬁwmg é¥YONE

_[01023%8«!: B KSSES R alt‘éﬁ% E‘rt::hﬁ% %@@Bﬁ%é?ﬁso Pgﬁents without

eéred as a secon dose o
evideee af deldpsng dispase] et isnwithout hﬂdwc%@hoﬂmy activ ltY clinically

ors BN BB AP UL Ao

formbeif M;S dedre eatindeld Frasettie BhaselBetrlabsy Bluspfatiizuniabrites not been

comffl} PR BPRRE B, PR S0k T e

singldeliaicaf eveait ahthbun&btui—@rsuggésuwsbf MiBage period. 2.

[01 1}5&?3??:;%#&8%%1{“9”%&1% i 'fu? et MerBIPHRS nle A Rk Yenefitrisk

ratio. If safety or tolerability concerns exist on the current treatment, or imaging studies

indicate active inflammatory sub-clinical disease, natalizumab treatment would be
appropriate. In considering the benefit-risk ratio, it should be considered whether the
patient has previously suffered a hypersensitivity reaction or developed persistent antibodies
to patalizumab. Re-dosing of natalizumab following a hypersensitivity reaction was not
assessed in Phase 3 trials. Persistent antibodies against natalizumab lead to a loss of
efficacy and an increase in infusion-related side effects. Patients who are

immunocompromised from any cause, including use of immunosuppressant medications

- 47 -



or serumremai-ns above a predeterm ned | evel during

the first dosage period,. and wherein the second dose

of natalizumab adm ni stered over the second dosage

wopee/waiizs desi gned to achieve a reduction ofPCINgES2007/005265 .

nat al i zumab | evel during the second dosage period to
bel ow the predetermined |evel during at |east a

portion of the second dosage period. 3. The use of
claim2, wherein the second dose is |lower than the

[ s o AT ' L n e
P S anabentent itk CERG: 187 ML, aid A oot Pttins apy should not
recH¥e pydlizumab. The use of claim 2, wherein the second

- . . i J-Si - o and erein t NP
190 el 00 55 0 AR ST TS e i
DULpRfo; fg@}ltatqge_:armfget«gpg,@ngﬁ' PMIaiand myinivkier iaappropeate Igﬂ??}f natalizumab,

doesL] EQQ gLy y ]V ipfusion an e.
o fir gltdi % 8sag etgg%r | od'ﬂl0 ?sg (%tge?p J\%EL%(’.OIHP?H%FH_%U ogyning
neugqlagigglsymplasne that hive nersisted evarispetal dzye) e. 4. Sneaboti§udlen decline in

T DO N -
by the phesilists thepruwset i smstriucied nobtekesiminister natalizumab and to refer the patient
to his or her physician. , _

[0112] This checklist also ascertains that the patient will be receiving natalizumab for the
treatment of relapsing MS, has never been diagnosed with PML, and is not currently
experiencing any continuously worsening symptoms that have persisted over several days.
It further ascertains that the patient is not known to be suffering from HIV or a hematologic
malignancy, nor has had an organ transplant. It confirms that the patient is not carrently
receiving treatment with am anti-neoplastic, immunomodulatory, or immunosuppresstive
agent and that the patient has read the natalizumab patient information leaflet,

[0113] Additional objects and advantages of the invention will be set forth in part in the
-description which follows, and in part will be obvious ﬁ“’om the description, or may be
learned by practice of the invention, The objects and advantages of the invention will be
realized and attained by means of the elements and combinations particularly pointed out in
the appended claims, Moreover, advantages described in the body of thé specification, if
not mcluded in the claims, are not per se limitations to the claimed invention,

[0114] It is to be understood that both the foregoing general description and the following
detailed description are exemplary and explanatory only and are not restrictive of the
ix_lvention, as claimed. Moreover, it must be understood that the invention is not limited to
the particular embodiments described, as such may, of course, vary. Further, the
terminology used to describe particular embodiments is not intended to be limiting, since
the scope of the present invention will be limited only by its claims. The claims do not
encompass embodiments in the public domain.

[0115] With respect to ranges of values, the invention encompasses each intervening value
between the upper and lower limits of the range to at least a tenth of the lower Iimif's unit,

unless the context clearly indicates otherwise. Further, the mvention encompasses any other
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8. The use of claim®6, wherein the predeterm ned

| evel is about 0.5 ug/m, and wherein thefsepond dgse

is less than 300 adm ni stered by IV infusion an )
WO6e7/wagand dosagengeri od is nore than four REGRE2007/005265

9. The use of claim®6, wherein the predeternined |evel

i s about 0.1 ug/nl, and wherein the second dose is

| ess than 300 ng adm nistered by IV infusion and the

second dosage period is nore than four weeks.

10.
statpf dntgvening valuss MMoreovee) thé mvbﬂfmﬁﬂw BicoRipabiéey ?&ﬁé}é excluding
: ' in the patient's plasm or serumfa o
eﬁl{)kg:bg%\;l)tgl%g?lgedlg{pgr ﬁp{}]gxavqr Zi%}s of i,%g?@g@ﬁ F}gqcﬁf@gagécluded from
thepbrtédornge.t hin a predetermined tinme after
n of the_ first_ dose, and wherein the

Lo U B el e R P fehesloescionginG terms used
hergie aonthostoangeopBl irddrstoddR S0 rdifadakii & te L.r]tﬂ o WE.'ich this

.__nat al.i zumab | ev I‘%gove the predetermned |eve : .

invihot pefongs. Opg ordinagpskidh it (¢ will el apprscistelthipioy methods and
matgfihle sBSild or eddivalbietoUBSseMes &Rl Redein 3\4}192{1% Eee %%g tt(()) Paactice or test

' .S | b | di sease or
the SvBRRTT | e Sppattiopeh Bubom fhospeahiy Thdenpionding gHhof the roforences

iteabte@lt IS further nonitored for indicators of
citef i nfection. 14. The use of claim1, wherein

fo1 fﬁg‘ g’lé?'i eoted that,as wagd hespip apd de thegppenvdid claims she fingular forms
"a,"PoRYaes ShyeinBlideiphastlofd- &1tk ARRGARD BLABA Mty dictates otherwise.

Thus, for example, reference to "a subject polypeptide” includes a phorality of such

polypeptides and reference to "the agent” includes reference to one or more agents and
equivalents thereof known to those _sldlled in the art, and so forth.

[0118] Further, all numbers expressing quantities of ingredients; reaction conditions, %
purity, polypeptide and polynucleotide lengths, and so forth, used in the specification and
claims, are modified by the term "aboﬁt," unless otherwise indicated. Accordingly, the
numerical parameters set forth in the specification and claims are approximations that may
vary depending upon the desired properties of the present invention. At the very least, and
not as an attempt to limit the application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed in light of the number of
reported significant digits, applying ordinary rounding techniques. Nonetheless, the
numerical values set forth in the specific examples are reported as precisely as possible.
Any numerical value, hdwever, inherently contains certain errors from the standard
deviation of its experimental measurement.

Examples

[0119] The examples, which are intended to be purely exemplary of the invention and
should therefore not be considered to limit the invention in any way, also describe and detail
aspects and embodiments of the invention discussed above. The examples are not intended
to represent that the experiments below are all or the only experiments performed. Efforts
have been made to ensure accuracy with respect to numbers used (for example, amounts,

temperature, eic.) but some experimental errors and deviations should be accounted for.
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15. The use of claim 14, wherein the patient is

monitored for JCV in the patient's urine, blood,

and/ or cerebrospinal fluid. 16. The use of claim 14,
wWOMer W12t he patient is tested for clinical ®U/GR07/005265

radi ol ogi ¢ synptons of progressive nultifocal

| eukoencephal opathy. 17. The use of claim 14,

wherei n the nedi canment does not contain an

I mmunosuppr essive or antineoplastic agent. 18. Use

Unl&fs il ALd 5&1&%@5& Battd Sre AR baldiga, ﬂEIe@ulﬁ?%igﬁﬂﬁﬁirmélﬂfaverage
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atm&?, %@ medi canment and dosage period of the nedi canent
e deternm ned based on the amount of 1gG4 in the
patBxempls 1p EfSigacyoef Natalimgmahd wherei n the dose and
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and die sfficaty wat admpanedio ittt b‘ékml\m (imgerfoyorTR-lahplys plapsbo. Data
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Thestede4 shdve thatinsaimimpedr 1smgm§s ei[ﬁwgeus mr@ﬂaﬁmemm@ onset of

Th I h
sustigrd BRESion 5 RuG D (7 DGtC G ook Rene itk fiog MRI
1es;&ﬁ§ﬁ1dozh 1ﬂ@}caimgﬂﬁ&ﬁhah@r d’fdife\ofﬁﬁihnng:ohypatéd both tsplocsbo and the

an erm ned dosage period is |onger than four
acti 3°° g¥®-of claim 19, wherein the anount

- [o1:f Bcﬂ@ﬂ’hhd% 3 diedipehacesiinilar Besipd. 18 ﬂbehmtﬂﬁ@pyugbdﬁ, 947 gintreated
rela%sggg g%grgrﬁg %aglgrftg mpel;e pa%tdgrlnizég rtrglbeclegre 91%4 9!9 o{r&acé()o for 120

weeks (30 infusions) using a 2:1 allocation. In the add-on study, 1,171 patients who had

been receiving weekly intramuscular injections of 30 pg AVONEX®, but who had relapsed
despite this treatment, were randomized using a 1:1 allocation to add natalizumab or
placebo fo their regimen, also for 120 weeks.

[0122] Efficacy parameters included EDSS scores, MS relapses, brain MRI scans, MSFC
scores, visual fimetion tests, and quality of life. EDSS and MSFC were measured every

12 weeks, brain MRI scans and quality of life questionnaires at baseline and every year, and
MS relapses on an ongoing basis.

[0123] Treatment with natalizamab as monotherapy in treatment-naive patients had
prafound effects on the time to onset of sustained progression in disability and on
annualized relapse rate, the two primary endpoints, as shown in Table 2. These significant
effects were confirmed versus AVONEX® alone.

-50 -



24. The use of claim 19, wherein the anount of |IgX4
inthe patient's blood is below 100 ug/ M and the
- determ ned dosage period is |onger than four weeks.
wO2B07/Mad2use of claim 19, wherein the anpunt RET/USG®F/005265
in the patient's blood is below 100 jig/m, the
det erm ned dose of natalizumab is bel ow 300 ng by IV
i nfusion, and the determ ned dosage period is |onger
“than four weeks. 26. The use of claim 18, wherein

't h@abieSk dBRichs; GiiAtaRhenCGn@hasd 3 Studeé. The use of

MAGS a = - a anan= aVa'

di sease or rheumatoid arthri 8. The use
claim 18, wherein the paPlaesdt i s 300 tsher noAVEMEZeHd AVONEX+
for indicators of serious infectjhlizumsB9. Th@adégoe of 300 mg
claim 18, wherein the patient is further nonitored
for indications of progressive pultjfocal

Numbep glmstiqntsephal opat hy.  30. 3The use &R7cl ai.m 29782 589
wherein the patient is nonitored for JCV in the

?mf;‘]%gé’o?ﬁ;ée&s Wil fA§aindd! 00d, and/or cerebrospinal fluid.

31, e

) 2 use of. claim 29, wherein the patient |s .
progressOp ghfeBEY ¢l i ni cal and/ of?¥adi ol od{€ synpt on® “bf 23%
Hazapirerpr@ysfondenaglinterfadical | euled (cBphal) opat hy. B (OFhE.I6)

RUS eed@hioc| @2l m 29, wherein the ngf canent does not 24%
p—%’iﬂé ai n an i nmunosuppr essi ve pogb_ﬁglnti neopl astic agg{](g24

Jongtherapy Agd-on therap

natalizumab

Anpualized relapse rate 0.733 0.235 0.74% 0.336
Rcléﬁve reduction 68% 55%
p-value ' p<0.001 p<0.001

[0124] The patient population in the two Phase 3 studies were relapsing MS patients
according to the criteria of the International Panel on the Diagnosis of Multiple Sclerosis
(McDonald et al., Ann. Neurol. 50:121-127 (2001)). It encompassed a broad range of ages
and disease severity, and represented the current relapsing MS population with active
disease, consistent with the approved indication. Patients with primafy— or secondary-
progressive MS were excluded.
[0125] The patient populations targeted for the two studies differed. Patients in the
monotherapy study were essentially naive to treatment with an immunomodulatory drag for
MS. Specifically, patients may not have had treatment with any immunomodulator (B-
interferon or glatiramer acetate) for a period longer than six months and not within six
months of the beginning of the study. The result was a young, mostly female, MS

_ population with a moderate degree of baseline disease activity (typical of the general MS
population), very few of whom had tried another immunomoduliator prior to study entry.
[0126] Patients in the add-on therapy study were required to have received AVONEX® for
the previous year and to have had a relapse during that time while on AVONEX®
treatment. This resulted in a population somewhat older than that in the monotherapy study,
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33. Use of natalizumab in the manufacture of a

nmedi canent for the treatnent of a patient with an

i nfl ammat ory or autoi mmune di sease, wherein the
‘wWomedliiosment is to be adm nistered as a second@Cdasa0GN05265

nat al i zumab for a second dosage period that inprove

the safety and/or efficacy of the treatnent, the

second dose and dosage period bei ng determnm ned based

on the amount of 1g&4 in the patient's plasm or

w1ﬂ152?lraﬂg%r¥ma§€‘dﬂrgﬁoﬂ eMBlverdr, fitéak§A thealdadd Seriph studyhA€a similar

pat | | asma or serumafter the patjent h 8
 degrainf Wssertinityias Fhase 1 T8 EeReRSTeY Hiada 0P RieD treatment.
first dosage period. 34. The use of claim 33,
wherein if the anmount of bivalent natalizumab in the
patient's plasnma or serumrenai ns above a
predeterm ned |l evel during the first dosage peri od,
and wherein the second dose of natalizumab
adm ni stered over the second dosage period is

desi gned to achieve a reduction of the natalizumab

| evel during the second dosage period to bel ow the
predeterm ned | evel during at |east a portion of the
second dosage period. 35. The use of claim 34,
wherein the first dose of natalizumab is 300 ny

adm ni stered by Winfusion for a first dosage period
of four weeks. 36. The use of claim 35, wherein the
predeterm ned | evel is about 1 ug/m. 37. The use of
claim 35, wherein the predeterm ned | evel is about
0.5 jig/mM. 38. The use of claim 35, wherein the
predeterm ned level is about 0.1 jig/m. 39. The use
of claim 35, wherein the second dose is | ower than
the first dose, or the second dosage period is |onger
than the first dosage period, or the second dose is

| oner than the first dose and the second dosage
period is longer than the first dosage period. 40.
The use of claim 33, wherein the anount of bival ent
natalizumab in the patient's plasnma or serumfalls
bel ow a predeterm ned | evel during the first dosage
period within a predetermned tine after

adm nistration of the first dose, and wherein the
second dose of natalizumab adm ni stered over the
second dosage period is designed to nmaintain the

nat al i zumab | evel above the predeterm ned | evel at

| east up to the predetermned tinme after

adm ni stration of the second dose during the second
dosage peri od.
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41. The use of claim 34, wherein the patient is

further nonitored for indicators of serious

infection. .42. The use of claim41l, wherein the

serious infection is progressive nultifocal

| eukoencephal-opathy. 43. The use of claim 35,

wherein the anmount of 1g&4 in the patient's blood is

bel ow 200 jig/mM and the determ ned dose of

natalizumab is below 300 ng by IV infusion. 44. The
CLAIMSse of claim 35, wherein the amount of 1g&4 in the

atient!s blood is bel ow 2 ug/ M and the determned
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ent"s
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0 ng by 1'V infusion t he det dosage
4. Tﬂne ool dlam 2 wderein thasedond doweze lpsriod 4 Songehbanthe fmﬂt dosage
period. cl ai m 35, wherein the standard dose of natalizumab is

'V i nfusion_and
5. T%e use of claim 2, wherein the second dose is lower than the first dose, and wherein the

second dosage period is longer than the first dosage period.

H

6. The use of claim 2, wherein the first dose is 300 mg administered by IV infusion and the
first dosage period is four weeks.

7. ‘The use of claim 6, wherein the predetermined level is about 1 pg/mi, and wheren the
second dose is less than 300 mg administered by IV infusion and the second dosage period is
more than four weeks.

8. The use of claim 6, wherein the predetermined level is about 0.5 pg/ml, and wherein the
second dose is less than 300 mg administered by IV infusion and the second dosage period is
more than four weeks.
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the standard dosage period is four weeks. 50. Use
of natalizumab in the manufacture of a nedi canent for
the treatnment of a patient with an inflammatory or
aut oi nmune di sease, wherein the nedicanent is to be
adm ni stered as a second dose of natalizumab for one
or nore subsequent second dosage periods in which
the second dose inproves the safety and/or efficacy

f the tre nt .d he.s riod
@&@S%af%} R R %Vgﬂm&ﬁ %%)e F@% aﬂ%fv%erem the
second qgs¢ig) %ﬁ%ﬁh%a%oﬁmp&%ﬁ%l stRsEAeainfusioorpad Shg seapnd dospgeergd is
UHHEﬂR®ﬁ6§@Wﬁ#$after the patient had been adn1n|stered with
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serum £ Sh&lawmg%ﬁtewe ) et LA T Bati“?r%ﬁ{t'hlwatpﬁedawmed
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administefed patrathe seead dosage baiadas loaned to mathtaym the grtabipumeab level above

the predausagliendl. dosage peri ods -of the nedicanent are
detern1ned pbased .on the anmount. of 1g&4 in the

AL Thgmseph claimy), é(‘él}?ﬁe‘%Fheé’éieasrﬁlsa’HﬁlRm’éﬂf‘éPﬁsthe dose and
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arthritis. the treatnent conpared to the safety and/or efficacy
‘provi ded by the standard dose and dosage period of
13. Thatwsd bzddaimbl, wHezein e atiént iafuathérztsdréd ot idicators of serious
infectiogranuf act ur e ‘of a nedicanent for the treatnent of a
atient with an inflammtory or autoi nunune di sease,
14. asediclaimel , wdardmthepatiens ig %rtb@ mehiionddsforindibatwss of progressive
multifocsldewkodnatpsaomfthynat al i zumab for one or nore subsequent

econd Qsage periods in which
15. e use of cqaun lgl erein the patient 1s monitored for JCV in the patient’s urine,

blood, and/or cerebrospinal fluid.

16.  The use of claim 14, wherein the patient is tested for clinical and/or radiologic symptoms
of progressive multifocal leukoencephalopathy.

17.  The use of claim 14, wherein the medicament does not contain an immunosuppressive or
antineoplastic agent.

18.  Use of natalizumab in the manufacture of a medicament for the treatment of a patient
with an inflammatory or autoimmune disease, wherein the dose of natalizumab in the
medicament and dosage period of the medicament are determined based on the amount of Ig(G4
in the patient's plasma or serum, and wherein the dose and dosage period improve the safety
and/or efficacy of the treatment compared to the safety and/or efficacy provided by the standard
dose and dosage period of natalizumab.
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the second dose and dosage period inprove the safety

and/ or efficacy of the treatnent, the second dose and
dosage period being determ ned based on the anount of
Ig&A in the patient's plasma or serumand on the

| evel of bivalent natalizumab in the patient's plasm
or serumafter. the patient had been adm nistered with
a first dose of natalizumab for a first dosage

peri od.

19. The use of claim 18, wherein the standard dose is 300 mg by IV infusion and the standard
dosage period 1s every four weeks.

20.  The use of claim 19, wherein the amount of IgG4 in the patient"s blood is below 200
pg/ml and the determined dose of natalizumab 1s below 300 mg by I'V infusion.

21.  The use of claim 19, wherein the amount of 1gG4 in the patient's blood is below 200
ug/ml and the determined dosage period is longer than four weeks.

22.  The use of 19, wherein the amount of IgG4 in the patient's blood is below 200 pg/ml, the
determined dose of natalizamab is below 300 mg by IV infusion, and the determined dosage
period is longer than four weeks.

23.  Theuse of claim 19, whereiﬁ the amount of IgG4 in the patient's biood is below 100
ng/ml and the determined dose of natalizumab is below 300 mg by IV infusion.

24, The use of claim 19, wherein the amount of IgG4 in the patient's blood is below 100
ug/ml! and the determined dosage period is longer than four weeks.

25.  The use of claim 19, wherein the amount of IgG4 in the patient's blood is below 100
pg/ml, the determined dose of natalizumab is below 300 mg by IV 1nfu51on, and the determined
dosage period is longer than four weeks.

26.  The use of claim 18, wherein the disease is multiple sclerosis.

27.  The use of claim 18, wherein the disease is inflammatory bowel disease or rheumatoid
arthritis. '

28. The use of claim 18, wherein the patient is further monitored for indicators of serious
infection.

29.  The use of claim 18, wherein the patient is farther monitored for indications of

progressive multifocal leukoencephalopathy.

30. The use of claim 29, wherein the patierit is monitored for JCV in the patient's urine,
blood, and/or cerebrospinal fluid.

31.  Thewuse of claim 29, wherein the patient is tested for clinical and/or radiologic symptoms
of progressive multifocal leukoencephalopathy.
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32.  Theusc of claim 29, wherein the medicament does not contain an immunosuppressive or
antineoplastic agent. '

33.  Use of natalizumab in the manufacture of a medicament for the treatment of a patient
with an inflammatory or autoimmune disease, wherein the medicament is to be administered as a
second dose of natalizumab for a second dosage period that

improve the safety and/or efficacy of the treatment, the second dose and dosage period being
determined based on the amount of IgG4 in the patient’s plasma or serum and on the level of
bivalent natalizumab in the patient’s plasma or serum after the patient had been administered
with a first dose of natalizumab for a first dosage period.

34. The use of claim 33, wherein if the amount of bivalent natalizumab in the patient's
plasma or serum remains above a predetermined level during the first dosage period, and
wherein the second dose of natalizumab administered over the second dosage period is designed
to achieve a reduction of the natalizumab level during the second dosage period to below the
predetermined level during at least a portion of the second dosage period.

35..  The use of claim 34, wherein the first dose of natalizumab is 300 mg administered by IV
mfusion for a first dosage period of four weeks. '

36. The use of claim 35, wherein the predetermined level is about 1 pg/ml.
37.  The use of claim 35, wherein the predetermined level is about 0.5 pg/ml.
38. The use of claim 35, wherein the predetermined level is about 0.1 pg/ml.

30. The use of claim 35, wherein the second dose is lower than the first dose, or the second
dosage period is longer than the first dosage period, or the second dose is lower than the first
dose and the second dosage period is longer than the first dosage period.
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40.  The use of claim 33, wherein the amount of bivalent natalizumab in the patient's plasma
or serum falls below a predetermined level during the first dosage period within a predetermined
time after administration of the first dose, and wherein the second dose of natalizumab
administered over the second dosage period is designed to maintain the natalizumab level above
- the predetermined level at least up to the predetermined time after administration of the second
dose during the second dosage period.

41.  The use of claim 34, wherein the patient is further monitored for indicators of serious
infection.

42.  The use of claim 41, wherein the serious infection is progressive multifocal
leukoencephalopathy.

43.  The se of claim 35, wherein the amount of IgG4 in the patient's blood is below 200
ng/ml and the determined dose of natalizumab is below 300 mg by I'V infusion.

44, The vse of claim 35, wherein the amount of IgG4 in the patient's blood is below 200
ug/ml and the determined dosage period is longer than four weeks.

45.  The use of claim 35, wherein the amount of IgG4 in the patient's blood is below 200
pg/ml, the determined dose of natalizumab is below 300 mg by IV infusion, and the determined
dosage period is longer than four weeks.

46.  The use of claim 35, wherein the amount of 1gG4 in the patient's blood is below 100
ug/ml and the determined dose of natalizumab is below 300 mg by IV infusion.

47.  The use of claim 35, wherein the amount of IgG4 in the patient's blood is below 100
ug/ml and the determined dosage period is longer than four weeks.

48.  The use of claim 35, wherein the amount of IgG4 in the patient's blood is below 100
ng/ml, the determined dose of natalizumab is below 300 mg by IV infusion, and the determined
dosage period is longer than four weeks.

49.  The use of claim 35, wherein the standard dose of natalizamab is 300 mg 'V infusion and
the standard dosage period is four weeks.
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50.  Use of natalizumab in the manufacture of a medicament for the treatment of a patient
with an inflammatory or autoimmune disease, wherein the medicament is to be administered as a
second dose of natalizumab for one or more subsequent second dosage periods in which

‘the second dose improves the safety and/or efficacy of the treatment during the second
dosage period, the second dose being determined based on the level of bivalent natalizumab
observed in the patient's plasma or serum after the patient had been administered with a first dose
of natalizaumab for a first dosage period.

51. Use of natalizumab in the manufacture of a medicament for the treatment of a patient
with an inflammatory or autoimmune disease, wherein the dose of natalizumab in the
medicament and one or more subsequent dosage periods of the medicament are determined
based on the amount of 1gG4 in the patient's plasma or serum, and

wherein the dose and dosage period improve the safety and/or efficacy of the treatment
compared to the safety and/or efficacy provided by the standard dose and dosage period of
natalizumab.

52. Use of natalizumab in the manufacture of a medicament for the treatment of a patient
with an inflammatory or autoimmune disease, wherein the medicament is to be administered as a
second dose of natalizumab for one or more subsequent second dosage periods in which
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- the second dose and dosage period improve the safety and/or efficacy of the treatment, the
second dose and dosage period being determined based on the amount of IgG4 in the patient’s
plasma or serum and on the level of bivalent natalizumab in the patient’s plasma or serum after
the patient had been administered with a first dose of natalizumab for a first dosage period.
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