METHODS FOR TREATI NG PROGRESSI VE MULTI PLE SCLERCSI S CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms priority benefit to

Uni ted StwiDes10m3sss7si onal Application Ser. No. 61/ 097, 4@8¢T/USee008588pt enber
16, 2008, the entirety of which is hereby incorporated by reference. FIELD
OF THE | NVENTI ON [ 0002] The present invention concerns methods for treating
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Mil tiple Sclerosis [GRGH rRMEERERCE: RGReT MsiED AMA).IdSTI@g nfl ammat ory and
denyel i nati ng degenerative di sease of the human central nervous system

(CNS) . s per sons
in the [Bg?lt]edﬁg%ﬂlg%&edgﬁ gﬁ gtgglzééﬁtga‘ﬁ@gﬁﬁgﬁ@%@%&g&ﬁ%@%@%ﬂ;@ g’%&) havi ng

onset B¥t(eOR7.264, ikl StOtepdbar &6, 3066, (rraisresoel ehickals hepyhy indepooitaigy
31(3): 333: %>41992) Noonan et al. Neurol ogy 58:136-8 (2002)). M5 is a
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number of possible combinations of deficits, including spinal cord, brainstem, cranial nerve,

cerebellar, cerebral, and cognitive syndromes. Progressive disability is the fate of most patients

with MS, especially when a 25-year perspective is included. Half of MS patients require a cane to

walk within 15 years of disease onset. MS is a major cause of neurologic disability in young and

middle-aged adults and, until the past decade, has had no known beneficial treatments. MS is

difficult to diagnose because of the non-specific clinical findings, which led to the development

of highly structured diagnostic criteria that include several technological advances, consisting of

MRI scans, evoked potentials, and cerebrospinal fluid (CSF) studies. All diagnostic criteria rely

upon the general principles of scattered lesions in the central white matter occurring at different

times and not explained by other etiologies such as infection, vascular disorder, or autoimmune

disorder (McDonald ef al. Ann Neurol 50:121-7 (2001)). MS has four patterns of disease:

relapsing-remitting MS (RRMS; 80%—85% of cases at onset), primary progressive MS (PPMS;

10%—15% at onset), progressive relapsing MS (PRMS; 5% at onset); and secondary progressive

MS (SPMS) (Kremenchutzky et al. Brain 122 (Pt 10):1941-50 (1999); Confavreux et al. N Engl

J Med 343(20):1430-8 (2000)). An estimated 50% of patients with RRMS will develop SPMS in



J Med 343(20): 1430-8 (2000)). An estimated 50% of patients with RRVS will
devel op SPM5 i nl10 years, and up to 90% of RRMS patients will eventually
devel op SPOBo(MBBIs3henker et al. Brain 112(Pt 1): 133-4&CTAS2@pH57150004]
Currently, six drugs in four classes are approved in the United States for
the treatnment of RRMS, whereas no drugs have been approved for PPM5. The
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[0007] The existence of a humoral component in human MS has been implicitly recognized for
decades, as evidenced by inclusion of CSF oligoclonal bands and increased intrathecal IgG
synthesis in diagnostic criteria for MS (Siden A. J Neurol 221:39-51(1979); McDonald et al. Ann
Neurol 50:121-7 (2001); Andersson et al. Eur J Neurol 9:243-51 (2002); O’Connor, P.
Neurology 59:5S1-33 (2002)). The presence of oligoclonal bands, increased free light chains, and
increased intrathecal IgM synthesis correlates with MS disease activity and may be a predictor of
more severe outcomes (Rudick et al. Mult Scler 1:150-5 (1995); Zeman et al. Acta Cytol 45:51-9
(2001); Izquierdo et al. Acta Neurol Scand 105:158-63 (2002); Wolinsky J. J Neurol Sci
206:145-52 (2003); Villar et al. Ann Neurol 53:222—6 (2003)).

[0008] Anti-myelin antibodies (myelin basic protein (MBP) and myelin oligodendrocyte
glycoprotein (MOG)) have been detected in the serum of patients with progressive and relapsing
forms of MS (Reindl et al. Brain 122:2047-56 (1999); Egg et al. Mult Scler 7(5):285-9 (2001)).
Anti-myelin antibodies have also been detected in the CSF of MS patients (Reindl et al. Brain
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forms of M5 (Reindl et al. Brain 122:2047-56 (1999); Egg et al. Milt Scler
7(5):285-9 (2001)). Anti-nyelin antibodi es have al so been detected in the
CSF of NBvpapioanssss7(Rei ndl et al. Brainl22:2047-56 (1999 T/USq@pms71al . Ml t
Scler 7(5):285-9 (2001); Andersson et al. Eur J Neurol 9:243-51 (2002)).
Addi tional types of antibodies such as anti-ganglioside antibodies or

anti - neuza@bu‘rismm99§rﬁ% bodi %lt%l@@7@@!5%@(51\69%&%91%:'&%5 Midubp/V5 ( Mat a
et al. Miult Scler 5 1999) adati pour et al. Ann Neurol 44:980-3
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Ri t uxi mab "Anti - Ant i body" N%urorryeltls Optica and Rapidly

Wor seni(hgPMA! . @@”S@‘F@Fb@l@@ﬂ%g@m@ of the Am Acad. Neurol. (April,
2004); Cree et al. Neurolo 64:1270-2 (2005). CD20 Anti bodi es and Ther apy
Ther ewi[0910] 0omfatientsiyb KRMES orprsodpraisahy ackonys %yylé@@eothWﬁm@brwpts@Hy cells

pr Oducﬁﬂpfe Qﬁ% PHR- &‘i’i Erféﬁ’l Hﬁ%ht@ Qn& E!s%g‘% e(actﬁir?urgl;er DPORED %}1@ s%m Ther e are
two maj o tions o
I yrrphoqyltleﬁs (Prarzetellisy al. mardlqgmﬁ(ﬁllppﬁs;PGﬁ lﬁ&ABPE(ﬂOQB) anlzseemit Hn@rreunary
Results from a Phase II Trial of Rituximab in MS” (abstract) Fighth Annual Meeting of the
Americas Committees for Research and Treatment in Multiple Sclerosis ACTRIMS 201
(October, 2003); Cross ef al. J. Neuroimmunol. 180:63-70 (2006)). See also Cree et al.
“Tolerability and Effects of Rituximab “Anti-CD20 Antibody” in Neuromyelitis Optica and
Rapidly Worsening Multiple Sclerosis” Meeting of the Am. Acad. Neurol. (April, 2004); Cree et

al. Neurology 64:1270-2 (2005).
CD20 Antibodies and Therapy Therewith

[0011] Lymphocytes are one of many types of white blood cells produced in the bone marrow
during the process of hematopoiesis. There are two major populations of lymphocytes: B
lymphocytes (B cells) and T lymphocytes (T cells). The lymphocytes of particular interest herein

are B cells.

[0012] B cells mature within the bone marrow and leave the marrow expressing an antigen-

binding antibody on their cell surface. When a naive B cell first encounters the antigen for which
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are B cells. [0012] B cells mature wthin the bone marrow and | eave the

mar r ow expressi ng an anti genbi ndi ng anti body on their cell surface. Wen a
nai ve B cwDIl20fo/a33387encounters the antigen for whichits mreFaSane/o0st6und
antibody is specific, the cell begins to divide rapidly and its progeny
differentiate into nenory B cells and effector cells called "plasma cells".
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havi ng the potential to destroy the tunmor can be conjugated to the
ant i - CE®IHnt YbsEshests Tt (H) Bdber! yerape @rwrlgv CagSEVGATRd" to the

neopl ashh&afe &kl [a?getlhérﬁssﬁﬁp Bohs. lhh@sséﬁ%@"sﬁapt}ar cfinPEdn BT, n&ﬁ’ﬁ’ﬂed'a§ to
destroy the tunor; the specific approach can be determ ne

parti c UpBewsa ariihodios @peaﬁtq t@&@;ﬁ@%ﬂﬁlrﬁagﬁ antigen ofddcelidre qdﬁu@lsteteﬁéo ap@tiqnabl e
15] Th
appr oacpfs. %31?‘1%% D&t O Bﬁgﬁ& @Hﬁ ﬂoggagﬁlé(g'aﬁ{tf%x go@t%hﬁﬁ AR nohfP151 The

Ri t uxi ma antl I neer chineric
mur i ne/dnd nmaﬂlgmmm Bakbn aﬂe emtlb@dydwsanabltorth@CBdO agéicnshtigehena@D20 tattei gen.
Rituxinpb is the ﬁ i.bod n US Patent No. 5, 736, 137 issued
Apri | tﬂggg %%8 e§18?| glgeog astjch cgl?s gddl libna y, chemlca} agents orf radioattive
labels having the potential to destroy the tumor can be conjugated to the anti-CD20 antibody such
that the agent is specifically “delivered” to the neoplastic B cells. Irrespective of the approach, a
primary goal is to destroy the tumor; the specific approach can be determined by the particular
anti-CD20 antibody that is utilized and, thus, the available approaches to targeting the CD20

antigen can vary considerably.

[0015] The Rituximab (RITUXAN®) antibody is a genetically engineered chimeric
murine/human monoclonal antibody directed against the CD20 antigen. Rituximab is the
antibody called “C2B8" in US Patent No. 5,736,137 issued April 7, 1998 (Anderson et al.).
RITUXAN® is indicated for the treatment of patients with relapsed or refractory low-grade or
follicular, CD20-positive, B-cell non-Hodgkin’s lymphoma. In vitro mechanism of action studies
have demonstrated that RITUXAN® binds human complement and lyses lymphoid B-cell lines
through complement-dependent cytotoxicity (CDC) (Reff et al. Blood 83(2):435-445 (1994)).

Additionally, it has significant activity in assays for antibody-dependent cellular cytotoxicity
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(2002) )Bio@din¥on T 30824-ap@0NY)). Rituximab has been reported to potentially relieve signs
and symptoms of rtheumatoid arthritis (RA) (Leandro et al. Ann Rheum Dis. 61:883-8 (2002);
Emery et al. Arthritis Rheum 48(9):5439 (2003)), lupus (Eisenberg R. Arthritis Res Ther 5:157-9
(2003); Leandro et al. Arthritis Rheum 46:2673-7 (2002)), immune thrombocytopenia (D’ Arena
et al. Leuk Lymphoma 44:561-2 (2003)), autoimmune anemia (Zaja et al. Haematologica
87:189-95 (2002) (erratum appears in Haematologica 87:336 (2002)), autoimmune neuropathy
(Pestronk et al. J Neurol Neurosurg Psychiatry 74:485-9 (2003)), paraneoplastic
opsoclonus-myoclonus syndrome (Pranzatelli et al. Neurology 60(Suppll) POS5.128:A395
(2003)), and relapsing-remitting multiple sclerosis (RRMS) (Cross et al. (abstract) Eighth Annual
Meeting of the Americas Committees for Research and Treatment in Multiple Sclerosis 20-1

(2003)).

[0018] A Phase II study (WA16291) has been conducted in patients with rheumatoid arthritis

(RA), providing 48-week follow-up data on safety and efficacy of Rituximab (Emery et al.
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(Pestronk et al. J Neurol Neurosurg Psychiatry 74:485-9 (2003)),

par aneopl asti ¢ opsocl onus-nyocl onus syndronme (Pranzatelli et al. Neurol ogy
60( Suppl I'WOR@B/1B2B7A395 (2003)), and rel apsing-remnm tti n@CRISLO0PI0&71ST| er 0Si S
(RRMS) (Cross et al. (abstract) Eighth Annual Meeting of the Americas

Conmi ttees for Research and Treatnment in Multiple Sclerosis 20-1 (2003)).
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safety Ofl| mab in a small nunber of patients wth neurologic
di sord 4ﬁ§128%‘9ﬁé5m)0| nmune neuropat hy (Pestronk et al. J Neurol

Neur osur.g. Psychi atr 74, 485- opsocl onus/rry cl onus .syndr
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events “acetate in subjects with RRMS (Cross et al., supra), 1 of 10 treated subjects was admitted to the
hospital for overnight observation after experiencing moderate fever and rigors following the first
infusion of Rituximab, while the other 9 subjects completed the four-infusion regimen without

any reported adverse events.

[0020] Patents and patent publications concerning CD20 antibodies, CD20-binding molecules,
and self-antigen vaccines include U.S. 5,776,456, 5,736,137, 5,843,439, 6,399,061, and
6,682,734, as well as US 2002/0197255, US 2003/0021781, US 2003/0082172, US
2003/0095963, US 2003/0147885, US 2005/0186205, and WO 1994/11026 (Anderson et al.);
U.S. 6,455,043, US 2003/0026804, US 2003/0206903, and WO 2000/09160 (Grillo-Lopez, A.);
WO 2000/27428 (Grillo-Lopez and White); US 2004/0213784 and WO 2000/27433 (Grillo-
Lopez and Leonard); WO 2000/44788 (Braslawsky et al.); WO 2001/10462 (Rastetter, W.); WO
2001/10461 (Rastetter and White); WO 2001/10460 (White and Grillo-Lopez); US
2001/0018041, US 2003/0180292, US 2002/0028178, WO 2001/34194, and WO 2002/22212
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U. S. 6,:306w898)0a083198 (Goldenberg and Hansen); WO 2000/76542 (Golay et al.);WO
2001/72333 (Wolin and Rosenblatt); U.S. 6,368,596 (Ghetie et al.); U.S. 6,306,393 and US
2002/0041847 (Goldenberg, D.); US 2003/0026801 (Weiner and Hartmann); WO 2002/102312
(Engleman, E.); US 2003/0068664 (Albitar et al.); WO 2003/002607 (Leung, S.); WO
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5,849,898 and EP 330,191 (Seed et al.); EP332,865A2 (Meyer and Weiss); U.S. 4,861,579
(Meyer et al.); US 2001/0056066 (Bugelski et al.); WO 1995/03770 (Bhat et al.); US
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phar macodynam cs, and activity tuximab in patl ent s wth

o O LT 5 s FORE R e 01

depl et manenMcbﬂnpﬁangafdmmaistenng toethap;mengarreéfacih‘ta angpunubft anping- (élw(laanobody " NEJM
358(7): 008 X wker K et al., "Efficacy and uxi mab
in pati eén vBF"it 't %F?‘?Qﬂn&&? BUEP VIR OPF BT ROK 8?8@’?5“ Ff’te%“ﬁ dtf§0%%

r andomi gew, co@lﬁbtbig&rfbi)iaﬁd e RkABADEHOFY Yeald, ebd,onmjﬂ ﬁlbl‘é%@ﬂ(ﬂfnldﬂi staim IVUI tiple
Scl er05| s 14(1):5S299 (2008), .Abstract; Hawker and

Saf et y lHons; h%l?ﬁ&bahom B RO dncigapHindixpaRgeld 1%5?%%§?W§C#ﬁ@?%$>é>ver

scl er o§i8'yeki€ §H4)1tt§ s@ftind tfe@trﬂ%fnaﬁ@gig aq{@&lﬁf)l@Spfeh@Q Se%rﬁf Sb@e eRE S ik
mul ticentér trial." Neurology 72 A254 (2009) ract. BRI SUMVARY

OF THE thm@wml{lt@OZZ] The present |nvent| on provides nmethods of treating
progressive nmultiple sclerosis in a patient conprising adm nistering to the
pat i ent[0833]ef heotmieywmbadingnts, ¢ progreasivé mgDpl saletdskogprimutyeregresstve eat nent i s

based ypap 1%@8&%?1%'1‘3?&1319%5&911(18&? (fhd prd &&uﬁﬁ%ﬁlﬁ@%@&&%’sls?sss%%%d? ted fromthe

group cons? sting of an age [ ess years e or nore
gadol i niregressivainniltiyge bdsbondn s¢nod erabodhraasst tlelyoodreaive manl(pde mtlerbsicisease i n
Ex pandep?og[r)esssgfg Irflzlaps}/ng mu 11%'1 sggr%lsig. Igl %(E)I%es %mgc\)/cﬁrrnents, the patient is not diagnosed with

relapsing remitting multiple sclerosis when starting treatment.

[0024] In some embodiments, the patient further has evidence of inflammation in a sample. In
some embodiments, the sample is a cerebrospinal fluid sample. In some embodiments, the
evidence of inflammation is indicated by an elevated IgG index. In some embodiments, the

evidence of inflammation is indicated by IgG oligoclonal bands detected by isoelectric focusing.

[0025] In some embodiments, the patient has had an EDSS of greater than about 5.0 for less
than about 15 years. In some embodiments, the patient has had an EDSS less than or equal to
about 5.0 for less than about 10 years. In some embodiments, the increase in EDSS over two
years prior to starting treatment is not attributable to relapse. In some embodiments, the increase
in EDSS is at least about a 1.5 point increase in EDSS over two years prior to starting treatment.

In some embodiments, the at least about a 1.5 point increase in EDSS over two years prior to
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two years prior to starting treatnent, and (d) a Multiple Sclerosis
Severity Score (MSSS) greater than about 5 points. [0023] In sone

enbodi mernwe,20t083§87 ogr essi ve nmul ti ple sclerosis is prinRCY/USL@YOEHSI ve

mul tiple sclerosis. In some enbodi nents, the progressive nultiple sclerosis
is secondary progressive nultiple sclerosis. In sone enbodi ments, the

Progr esgdriie akrhédisehod GluSu@HiSto rSlafe OBIs8 8 bMBodifleARShO Fat¥Hl fubRé a8 GhEr OSi S.

I n some enbodi nents, the patient is not diagnosed with relapsing remtting
mul ti plas N elapsgssviiie iivesyearstirioq Lo stahpgrseptmeqtolp zape Pmb@@mnté,rth@gl)ﬁﬁ nts, the

pati entwﬁeﬂrstalf]tﬁ‘[% A &Y LsdRRGRN Ao fda%ﬁ‘.&ﬁéqt%g.i n a sanple. In some
t e e I

enbodi nent s, sanp I's a cerebrospina uid sanple. In sone

enbodi rfpdril%jb fNS %\éh‘%%ﬁ}%ggt%lhgéé SRR i% ?eisén@?%%hf?l,by an el evated 19G

i ndex. nme enbodi ne e~ evi ce o nmation i s indicated by

1 gG ol i onal han tect i.soel e Lc focusing. 02 | n.some
enpoai H0r 1 Prig B BRI AELFR uitak PR Bt G e MBS bR oSPET | ess
t han aldewbdmd Bmp@hmsnts,lthe @affenahdisdiamngsssidnhie apakreast in RS Shhd iasuskbSS | ess
than or. equal to about 5.0 for |less than about 10 years. In sone.

embodi rf8ht §?VetVFP§k?-E%?Oé%eseé“ Oﬁh%aﬁ\fé?f‘g?’%a d;’rgééﬁﬂé’r%%vf?sé’r"nt‘soans]f‘%rﬁ‘sieﬁﬁ
treatnam@ss@mn@gw@ﬁ&ﬁﬁbuhgbbqbﬁpw&ggapse. In sone enbodi nents, the increase
in EDSS is at |east about a 1.5 point increase in EDSS over two years prior

to starhorsy tmedhRhbodihiRnSONE cLEHQE hMBMt D! thehfti@IDI0e@Rbo@ROmiisterdl POI Nt
increase in EDSS over two years prior tostarting treatment is not

at t ri bup Hisinatiens (¢ ploxjds an initnl g B s s ROSUICHY bpatcPRtouf At mehouhdll two
or mor %&ﬁ‘i RRGRSd B 5 Eléc\%& 2R; D30 SO Lxplohu® bPhd Ath b Mhoud 41 SOMe
the EDSS etween a

enbodi ment s, ~when starting treatnent iIs out 3]Q and
about @r&ns. [DGDE] cohbrpdguengs, &wboitilrrafit(F)2G mtibedjecxpbsurhandpatthesstordsintiess t han
about 00271 1n sonme.enbadi e . the treatnent reduces.th ime to
cont i 1 ne e Ed RSB R AR R Rl B Wy T B« R et s case
pr ogr esstamd ekposare nonbeirgp@vidad BHBSrohhatioui 6 ®Stvaickefioh olic inival sxponeels. | n

sonme enbodi nents, the confirnme .sease progression.is an increase in EDSS
Shar © oodtergimnbarcl S RF Do ESRGy Rrohse: Nrudiud D mance o he

ef f ect itwe daswNhntPEDRO@n@dly - CD20 antibody is adm nistered to the patient
to provide an initial anti-CD20 anti body exposure of between about 0.3 to

about 40@%9raﬁ%oﬁ@bhﬂwﬁﬁmﬁ%AﬁeﬁﬁP@ﬁdOaﬂﬁ&m§E8@pﬁ§%h@@@ym@&ﬂgﬁuﬁﬁmﬂi bet ween
about 0.3 to about 4 Oggrans. In sone enbodi nents, the initial anti-CD20

ant i bodyeiex puBrirsazard) 87 NOKED, SEQIRIN Qi andS A NQ: bodyd bxgpléehiclin s bet ween

about  Q3,§10 %%% i%inISATED 6.4 918 1BMROK IR 115 R®).6 8k exposure not

bei ng pro%?dé untyﬁﬁg?gn1a‘out‘16 ?@ 60 mbé%?’#?%nythé in%?ﬁ%l exposur e.

| n sonmengwhvdintreticanti-€APN afibadyes eatlizuOBROnanné bodydiexgedhe @di-CE2pr ovi ded

to the a%ﬁ%&?yr}% rifXintdbe Idome embodiments, the anti-CD20 antibody is ofatumumab. In some
embodiments, the anti-CD20 antibody is TRU-015 or SBI-087. In some embodiments, the anti-

CD20 antibody is GA101. In some embodiments, the anti-CD20 antibody is hA20.

[0030] The present invention provides methods of treating progressive multiple sclerosis in a
patient provided that the patient has been found to have one or more characteristics selected from
the group consisting of (a) an age less than about 55 years, (b) one or more gadolinium staining
lesions, (c) at least about a one point increase in Expanded Disability Status Scale (EDSS) over
two years prior to starting treatment, and (d) a Multiple Sclerosis Severity Score (MSSS) greater
than about 5 points, the treatment comprising administering to the patient an effective amount of

an anti-CD20 antibody.

[0031] In some embodiments, the progressive multiple sclerosis is primary progressive
multiple sclerosis. In some embodiments, the progressive multiple sclerosis is secondary
progressive multiple sclerosis. In some embodiments, the progressive multiple sclerosis is
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two doses of anti-CD20 anti body. [0029] In sonme enbodi nents, the anti-CD20
anti body conprises: a) a heavy chain variable region conprising SEQ ID NO
10, SEQ IwoN@mo/B3s87and SEQ I D NO 12, and b) a |ight chaCm/usaeoabliél regi on
conprising SEQID NGO 4, SEQID NG5, and SEQ ID NO 6. In sonme enbodi nents,
the anti-CD20 anti body is ocrelizumab. In sone enbodi nents, the anti-CD20

ant i body, r&sf%&&éﬂs@nulhﬁle%él%s@ NRQGhABAbSIIMERE, (ROpdtichi2 Qo@f l%rf&@)(vﬂhs

of at umumab. I n sonme enbodi ments, the anti-CD20 antlbody is T

SBI -08?elapmn$@mtlém@hlmie§om&\Mhaenasﬁﬂr'img [@PPOent i body is GAAO. In sone
enbodi ments, the anti-CD20 antibody is hA20. [0030] The present invention
provi dd8032at h@cﬁ@rr@fenfwémenlﬁgthp paipnelisthechagayidensk ef BElhamegpsin asampfgaly ent

provi desgmg Qﬁ‘ﬁaocthﬁl%n C geglthlg'ﬁsa J@ﬁe%%sﬁﬁyﬂﬂn& Qanﬂ)"i‘ %0 9(;-1'1? b s, the

characteristics se romthe group conS|s i ng of an age | ess than
about 55id¢eard infldn)maive ivmdweredbygaddkby amdﬂgﬁshcmxnlnnsgrﬂeembodmlen(scﬂle at | east

Foo) e RGeS Mo BR3Pl TEP RRE Gboglch M bn o ey B Foo Pl B sisarme) Ve
S S o bR Rl he RO BR0RY a ERSK A Bl ﬁa%%teeq%%@t &R hoay

[0031] thih He0E]FRRINTBME SmbbditheRis 08¢ B Rhi/igas MUl bt BDSS 3Gk 81285t &quiaBopr | mary
progressive nmultiple sclerosis. In sonme enbodi ments, the progressive

mul ti pla®oe) %foeséqsgth@% alaqus b sy [ s asis b V@e%ﬂﬁlmr%asga JIPE VY some

enmbodi MRBL$riof r.'%%ta%@]%é’a%én‘{?s Ao Ak AHRkB156 'r@lﬁl% 18 shbRPERABSESSAY Ghd BLRRRI NT
mul tiple sclerosis n some enbodi nents, the patient 1s not diagnosed with

r el apsiingDSéns attlgasgabout a 1. éﬂ)emsm@a@smﬁﬂﬂﬁmelswmemwm @atanterg trealg@B82] | n

sone e i furt ha i nfl in a
2ot TSRS RELS L e PR RULIEPERSTLAUAITRLAD 0 2

some emmmmgMEMmmﬂmhﬁnem@ﬂmm&anmﬂmmnHMammabmbmﬁhsnmnﬂépatedmhymadeWQvated

IgG i ndex. In sone ence i nfl apmati on | s j.pdi cated
by 1 66 B BREBURL Faratiely By oTL GRSt R OB ReRr ghSEPSEn sone
enbodi nethStartdddardaahdn€ tbevasn Aesht 310 MOPSSoRE.5gr eat er than about 5.0 for |ess
t han about 15 years. In sone enbodi nents, the patient has had an EDSS | ess

t han orpogesigal intsenaRabbdimelsf @E aé&ﬁ&héﬁlﬁ@nt&bl&% thdPaboRess. I n sone
enbodi nents, the increase in EDSS over two years prior to starting

t reat mgph3s]s Hﬂ%n@%h%b&ﬁkﬁﬁhﬁeh@nﬁ@h@&ﬁﬁes%Buﬁ@ﬁ@c&ﬂﬁﬁﬁaﬂﬁaﬁ§ probREsibICr ease
in EDSS is at | east about a 1.5 point increase in EDSS over tmn years prior

to starlpispige enbedinens. the wnélﬁﬁ%i EFAIEFIPTARISESEON ip pRingfeagedn SDSABRItS BIS@Ingd poj nt
| ncreass; 1\EQ§§kQF§£OIﬁé@nﬂoﬁﬁﬁ&t@m&% &eﬁtd%feaéeﬁ;g %és%h 1n&1§?1s@%

attributable to relapse. In sone enb ment s atient furt had two
or nor &)%Y hpisie susigincdi for twgotyyfemrseglsi or to starting treatnent. In sone
enbodi nents, the EDSS

[0036] In some embodiments, the effective amount of the anti-CD20 antibody is administered
to the patient to provide an initial anti-CD20 antibody exposure of between about 0.3 to about 4.0
grams followed by a second anti-CD20 antibody exposure of between about 0.3 to about 4.0
grams. In some embodiments, the initial anti-CD20 antibody exposure and/or the second anti-
CD20 antibody exposure is between about 0.3 to about 1.5 grams. In some embodiments, the
second exposure not being provided until from about 16 to 60 weeks from the initial exposure. In
some embodiments, each of the anti-CD20 antibody exposures is provided to the patient as one or

two doses of anti-CD20 antibody.

[0037] In some embodiments, the anti-CD20 antibody comprises: a) a heavy chain variable
region comprising SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:12, and b) a light chain
variable region comprising SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In some
embodiments, the anti-CD20 antibody is ocrelizumab. In some embodiments, the anti-CD20
antibody is rituximab. In some embodiments, the anti-CD20 antibody is ofatumumab. In some
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when starting treatment is between about 3.0 and about 6.5. [0034] In sone
enbodi nents, the age of the patient is |less than about 51. [0035] In sone
enbodi merwe,20t0s3i87eat ment reduces the tine to confirnme#Clitse@sms7151
progression. In sone enbodi ments, the confirned di sease progression is an
increase in EDSS that is sustained for twelve weeks. In sone enbodi nents,

t he COQ%H%H%%n@'&@%ﬁ@(@ﬁ@@hﬁ&ﬁ?QQTR@TﬂB(ﬁ@B[@@ﬁan&n£g§§ﬂhﬁﬁﬁsH%z&HSta'ned
for twenty-four weeks 36 n some enbodi nents, the effective amount of

t he antGD ibedit s bdhp 1 I§ sa@ﬁﬁmbgd@e@ta th@)anth@Dé%@mt@@ﬂYtSdl/ﬁ&Oovu de an initial

anti-CD20 anti body exposure of between about 0.3 to about 4.0 grans
f ol | owd@038} alkeerotedt arentioTpRyidgh tichody oldxqabrgipregigssivsanwepk selbwsis, 0.3 to

about 0]
exposurtateEge e SRR RO TRk Bere ARE Mt s Bl R BN e
0.3 to cmb(outnoﬂe dagr@rigics bde@@i@ommmcg]loumamsstmghé (Senagﬂjlesxbmsaluoet ot bei ng
provi ded un fron1abqg ta 60 weeks..fr initial. exposure. In sone

enbodi NERTS, i) 8‘%1 Bt 0% B OHIEH’P? e 1R 688?9@ E‘iﬂtéé’n? RO BYERE t o t he

pati entEX@SndEﬂQDl@Hblth\@tad@Se&le EDSSI dve R0 can tpridP@Ystar(KR0ZAImdnl, HONR) a
enbodi nents, the anti-CD20 antlbody conprises:_a) a heavy chai n variabl e

regi on M@Hﬁhsﬂeﬁ@l@@m%sﬁﬁe (Yi§SS serentpishpgboyy 5 P%eﬁ!a agdcp) g9nNstening logng b) a

l'i ght qRapdiie¥@hibaRleBiell 88 LA HGOARbAR IR G AEQCDEY NRihdy. SEQ I D NG5, and SEQ ID
NGO 6. In sone enbodi nents, the anti-CD20 anti body |s ocrelizumab. I n sone

enbOdIng fn@%n@@ﬂbo@%gtsatﬂg bﬁ)%%sﬂlémﬁltﬁ)%MB 1& ﬁjﬁ%r@i‘g@&b nents, the

anti - CD20 antlbody i's ofatunumab.” I n soneenbodi ment s anti - CD20
ant i bodlyultlslemt;oelﬂn@@m@ambmenw rhepreressitsotiliplselerosines searidaryCD20

antib 0‘1%@%&&%%1@1& chérg{ﬂa Iff g&lqedélﬂ[@ Eﬂsient% Iﬂ% ﬁ@%%ss%ﬁf@}ﬁé 'sé?&gy 1 s hA20.

[ 0038] I nvention prOV| ng progressive
nultiphnoge%e&mdmsu@amMppksﬂm@msaaﬁmsehmmmmm@matp@pnemhshavhngo@ﬁogﬁe53|ve

mul tipl e sclerosi.s erein sai ne or nore characteristics
sel ect égla?ﬁ‘%ﬁewtgn%%ﬁﬁec%k‘?sﬁ‘% %)/"Ft“(% tfeagﬂ ngge | ess than about 55 years,
(ii) o [ re gadol i.ni um stai nin on at | east abou one
bot e 1o SR EEpaiiEsa chs B! Hyh&tas atebs by Bnsef R rar ot fear
prior temsleambbii@nis! @atamgné is aaaaﬂ:b(dsylhalafhﬁ@&atmmé gn SGhEsRISIdsnSRY @ ty Score
( MBSS) greater t han about 5 points; and adm nistering to t he pati ent

t hus seVeperlapflagpmatoniisiadigasd Ay awle%edalﬁf} DRty SRACICBBAYMPH0B9] I n some

embodi MBRfegee JrHEIRMRIHARISInYR @Y Hr ngﬁ §hg%% oRAIBRh&s de%ec&ﬁ'b%{o%le&rrﬁé%&éﬁgw
mul tiple sclerosis. In some enbodiments, the progressive nultiple sclerosis

I s secqpglany rs%ﬂ{e%ﬁl%béﬁ ol Bét%nt?ffds%&?% EDSS of gl%rt%r &QPQ&HuP? Btfép ledshe

progressive multiple sclerosis is progressive refapsing nultiple sclerosis.
| n sonehandboul lrﬁe}mrm Intsh@e pabpdintenis stha patieds kg hod et EIASS thess than or equal to

about 5.0 for less than about 10 years. In some embodiments, the increase in EDSS over two
years prior to starting treatment is not attributable to relapse. In some embodiments, the increase
in EDSS is at least about a 1.5 point increase in EDSS over two years prior to starting treatment.
In some embodiments, the at least about a 1.5 point increase in EDSS over two years prior to
starting treatment is not attributable to relapse. In some embodiments, the patient further had two
or more relapses within two years prior to starting treatment. In some embodiments, the EDSS

when starting treatment is between about 3.0 and about 6.5.
[0042] In some embodiments, the age of the patient is less than about 51.

[0043] In some embodiments, the treatment reduces the time to confirmed disease progression.
In some embodiments, the confirmed disease progression is an increase in EDSS that is sustained
for twelve weeks. In some embodiments, the confirmed disease progression is an increase in

EDSS that is sustained for twenty-four weeks.
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relapsing remtting nultiple sclerosis when starting treatnment. [0040] In
sone enbodi nents, the patient further has evidence of inflammtion in a
sanpl e. IwWO=o0m3ssshodi ments, the sanple is a cerebrospi ral/dSkaasaanpl e. I n
sone enbodi nents, the evidence of inflamration is indicated by an el evated
I gG i ndex. I n sone enbodi nents, the evidence of inflammation is indicated

by 1 9G[9bd4g0Cinadal RdodimcHRL @E Eﬁé’ctl%’ and@R e A ah&-(roOUsiiRgly if Qcﬂfhilﬂstelréﬁl Sone
enbodi ments, the patient has had an EDSS of greater than about 0 for less

t han abothe pﬁseryé@lar@wdp an §oine aerb b0 mptikasly cxprsussa beteemalpunad t@@bqetﬁ@ | ess
than or, qUR 1oﬁ9d BPPWeord Shl- @E%dé%ﬁﬁohf%ﬁ%’ UF betRedteRbs0.3 & a%BHt?t 0

enbodlﬁ%nts e I'ncrease I n over two years prior to starting
treat n@namﬁ én sobe @bhodirbentsabicenitil agH@peantibodysoupesieaivaidintigntesondtdng- i ncr ease

in EDS t ab 1, i\t EDSS t i
R e R

I ncr easecdnd elpsbrearvebeihgproyad sntflifiodt aHoat Bt @reDivgkd fre@atinseinttial S(pﬁﬁire In
attributable to relapse. In so nmbodi ments, the patient further had two
or nor éoweaﬁg@gwms %F%OE%%E@%WWY%PW&? tS.mg iqddg {hraationt @y 0uife
enbodi MRBSsesbhgntFOBSo Whaagt arting treatment is between about 3.0 and
about 6.5. [0042] In sone enbodi nents, the age of the patient is |ess than

about G@eq éooﬂl%bmterém%@@iﬁleﬁmgbﬁm@mo aﬁtlit%dp %@ﬁf)ﬁé%ﬁua) 5%@!&{@%311&1%1&31@18 to

confirnmed di sease progression. In sone enbodi nents, the confirned disease

pr ogr egsgiomcompriging Te HASE):1(h SEQID NRat! . sl Sife TANGh 2. o bakighyehaieeks. 1 n
some enbadh IR G oygﬁsﬁigg %ﬁ'ﬁ@oqﬂ §E PF(B% %]%Sﬁ%(?fb N®:4y Ly)fL ease in EDSS

that is sustalne four n-sonme enbodi nents, the
ef f ect |6vrd>0dmmmrst th@fantnﬁdDQ@rwtlbc@EDZ@ocadizubman|ssmad1mrb<vmmtn1rs gk amn ¢€heo pat i ent
to provi

|t| antl- nti body. sur.e of. between out 0.3 to
L bont BB il kR s ot e At ARG i S AR SR Rt bt vaen
abou'ltj g;rrﬂ)oﬂmeﬁib;oth% aﬂﬁ@[@l()aiﬁﬁbodlyﬁs "SEU‘EOISRSBSB'[ OeNts sorféé’lgnﬂ)ddinhd':rﬁé tl&:l’Hn'ti= gDZO
anti bo osur e r the secon ant| - Tl Qay ure 1S et ween
about (ﬁ(%zd(% E % 191 Jnspge ¢ O@Bﬁﬁtsé%ﬁ)‘ﬂc%gﬁ%mbtoﬂ%l%’é%nd exposur e not

bei ng pI’OVI ded until from about 16 to 60 weeks fromthe initial exposure.
I n sonmd 0¥ odt epiessnt iBxEliop pisp peovidst metpdpolaitstsyyhelgsstied Wid provi ded

to the padt&it nﬁﬁtqﬂ@ &1Qbsit WA 1@%@ t@{rea%’ﬂ&ﬂt wHRZR aﬁﬂlﬂmub&%ﬁlpngﬂﬂgsom

enbodi ments, the anti-CD20 antibody conprises: a) a heavy chain varrable
regi on 2BAPRY @nerfg HSEQchaDicN@stlcmelegE@frpm thiogroun congistingsEH@a) M agolesg thangnd b) a
Ilght 5. SEQ I D

ShU S R0 5o SOLRD ORGP B0 0 o SRR R0
enbodl ne hixpanded Pisaifiiy- SCDROS eahd GBliI&ﬂiy ove twb tyeas pladur to btartegeatewbodindents, t he
anti - C[R%OIU% ¢ §cR:ros S e%ercl)tfy corrfmmlgS) greater PHEn about 5 points, wherein one or more of the

characteristics in the patient indicates the patient will be responsive to the treatment.

[0047] In some embodiments, the progressive multiple sclerosis is primary progressive
multiple sclerosis. In some embodiments, the progressive multiple sclerosis is secondary
progressive multiple sclerosis. In some embodiments, the progressive multiple sclerosis is
progressive relapsing multiple sclerosis. In some embodiments, the patient is not diagnosed with

relapsing remitting multiple sclerosis when starting treatment.

[0048] In some embodiments, the patient further has evidence of inflammation in a sample. In
some embodiments, the sample is a cerebrospinal fluid sample. In some embodiments, the
evidence of inflammation is indicated by an elevated IgG index. In some embodiments, the

evidence of inflammation is indicated by IgG oligoclonal bands detected by isoelectric focusing.

[0049] In some embodiments, the patient has had an EDSS of greater than about 5.0 for less

than about 15 years. In some embodiments, the patient has had an EDSS less than or equal to
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enbodi nents, the anti-CD20 anti body is TRU-015 or SBI-087. In sone

enbodi nents, the anti- CD20 antibody is GAIA . In sone enbodi nents, the
ant i - CD2owearnionsass7i s hA20. [ 0046] The present inventi oRCRIGs@o0MOSUSUES

met hods of assessing whether a patient with progressive nultiple sclerosis
will respond to treatment with an anti-CD20 anti body conpri si ng assessing

one or ARG ¢RRIASIHEA hisdul €6 y&fd. eeidtk InMmhdies, HeQhRe£ONSEISES DeLrefo (a) an
age |l ess than about 55 years, (b) one or nore gadolinium staining |esions,

(c) at Yeauprionloslarting teabngndismot penuebido rglasg Janeag cmpadimientp tthe Beegpsgs Scal e
(EDSS) . [ : £ r i ple

Scl er Og?‘gﬁgg\%‘%l%(é; Cg?%l.?bg%%n%%?%eé% (;IE;% Sishoglrgft tgg)[};ue?r S%Hp{)tﬁ)%%aé@l%?gﬁdé&h one or
nor e oflntsbee ehbodmt®s,itst atdsisi apoutrel .padinemtreasedn EROSDVeHwopyats @ribr wi | | be
responsjve to the treatnment. [0047] In sone odi nents,.th rogressive
it 1 pre G S SRy §P8e B OB RuPOTRFATER B ErRlARAERE

enbodi nemicse reldpSespridii 8ESYeds vk td rénSetmnesi B sbsie spdodigdanty, (i¢ BDS8SSi ve
multiple sclerosis. In sone enpodinents, the progressive multiple sclerosis
is progheasiaiing teatpya Hg)eﬁ‘(ﬂe{‘ia %i@%rﬂh@it S-I'n some enbodi nents, the
patient s not diagnosed with relapsing remtting multiple sclerosis when

st ar t i 18930 ealnreme cmbediaspisy the agipl t Mriglsesthag pRoupat-i ent further has

evidence of inflammation in a sanple. In sone enbodi nents, the sanple is a
cer ebr d@0r1Aal Infsegic gmbadipicats the mstied faHish v ARIFES 2AViTRE ERAliGRInce of
inflammation is indicated by an elevated 1gG index. In some enbodi nents,

t he evild@¥de BfsomsrmiatiEiennthe anti-GH2E gaighpdy yompices| 9 g derdrrapinyanidde det ect ed
by isoglLa6h bd iﬂ%ﬁ NSk 1 K6r8 ﬁﬁbﬁiﬂg i 12, Lhen PalidieBlaipas had an
EDSS of %r eat@?r t Fran (_gg%ut ‘5.0 fdor ]ﬁe'ss’t an E[gut 15 yea)?@.é In some

ermbodi ranitlge regive qoatprieing SHAIDNEQ:4ahE@DBHNO esendtdnlld N(egdakomoabout 5.0 for
| ess tr"e‘?‘n 0 Qr.(l)elfll S, (ga}{tt?— Oalnl FOTE&L Z(l),lgnlaH:EIHtS(s)rh trrf'lg din(e\’rte,"%ﬁeanltioc Q?S over
two years prior’to starting treat ment 1's not artributable to relapse. In
sone endadbedyEntigixichdbeln soateeadedinenEDES ahts-Ca20laedlsddyabefatunanibbSingomat

i ncrease i n. EDSS over. ears .prjor.to rii treatment. In sone
enbod renedmeaRehaant-63ED Atatd ia k0 iser NEEPRE I sbe b Eres v i year s
prior t@E aibbdydis @1 NBRbmE SmBedinRhk NthOdtabDeo kRidog) apse0. I n sone
enbodi ments, the patient further had two or nore relapses within two years

prior trgosyar thdgedehedltdmrioh alsh ﬁro'izﬁié”?rr@mé@@&mé}kﬁyin%ﬁlﬁatl%l;?ﬁﬁitﬂ\/ﬁﬁigreiii@éti ng
treatnment is between about 3.0 and about 6.5. [0050] In sonme enbodi nents,

t he agenyfiplenderesis likely (q ispand 4o pighDab aftbody treqtmos KPmpEsiggp) BHTAL nent s,

t he net I I, S ! 0

enbodi r@g? gfn%%%g%ﬁtt%?ﬁ%%g%g%%@%%% co @?glgtg{gog)d) ggﬁééal\%/sqg%aﬁuﬁri abl e

r egi on yeenplii) siqg BEQeINOM KAnInSESidnD (ND:at fdst abent a SECPOID iNdeast2n and b) a
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Multiple Sclerosis Severity Score (MSSS) greater than about S points; and (b) identifying the

patient having one or more characteristics selected from the group consisting of (1) an age less

than about 55 years, (i) one or more gadolinium staining lesions, (iii) at least about a one point

increase in Expanded Disability Status Scale (EDSS) over two years prior to starting the anti-

CD20 treatment, and (iv) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points.

[0054] In some embodiments, the progressive multiple sclerosis is primary progressive
multiple sclerosis. In some embodiments, the progressive multiple sclerosis is secondary
progressive multiple sclerosis. In some embodiments, the progressive multiple sclerosis is
progressive relapsing multiple sclerosis. In some embodiments, the patient is not diagnosed with

relapsing remitting multiple sclerosis when starting treatment.

[0055] In some embodiments, the patient further has evidence of inflammation in a sample. In

some embodiments, the sample is a cerebrospinal fluid sample. In some embodiments, the
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enbodi nents, the anti-CD20 anti body is ocrelizumab. In sone enbodi nents,
the anti-CD20 antibody is rituxinmab. In sonme enbodi nents, the anti-CD20
ant i body we 20fei3sssamab. | n sone enbodi nents, the anti- CRPRO/USRa00l08UY1 i S
TRU- 015 or SBI-087. In some enbodi ments, the anti- CD20 antibody is GA O.
In sone enbodi nents, the anti-CD20 anti body is hA20. [0053] The present

i nvent i QRicAdSHT iRTAYhARS iTRURALS bPhn bIdERLd ol iRE: xRN @RiboMinicRsPhegr essi ve
multiple sclerosis likely to respond to anti-CD20 anti body treat nent

conpr i sVislgnee()infippyeaion iyindisalcdpy kst eligoklonaldreds detdcted by ajosleeteld foqupmet he
group consisting of (i) an age |ess than about 55 years, (ii) one or nore
gadol i ri0QA] st i seimggmbedimsnls, th¢ pationt kas had a EDab ol ereatcoihen psivhe Oiferdessase i n

e oand . L ; ‘ . g
tr oot mitt R0 b, I BB Bl SRR 1 KRS TP Rl MaPb o "Pran
about Sibpaid By leanthag boui 6@ peard. yn signd duebgdahénes) thehareasg inoieS® pvarowe

h terist.i . ect f he. i Sti fo(l I th
about 5649 25D TRy k@ R L G irar A e ratfibed® fPRe S | oae:
about dn OMSSASLNEasi MOUEAS.E pbint mxRafde BDYSSALE twotyaShpabie sbe@lardatth®s) over

two years prior to starting the anti- CD20 treatnment, and (iv) a Miultiple
Scl er odP §018g GRPedigers dheat (fsgbpulgy bapeint PREACAD SISO VHFMDSAIS POOEE] | n sone

enbodi Nt rdaliBer® iR 8B e bRk SInS6ME ERBbSinde s Ahé PRIH: RERIRESIYE
mul tiple sclerosis. In sonme enbodinents, the progressive nultiple sclerosis

IS secovidryrohPesrEsEn (o Yaarstiirior & sarlieg Geiusent In sgpmeméndipgniiehe EDSBhe
progre%e\é%t@%&%ﬂ?}é&e@ﬁlb%{vg)e%hgbdlﬁ3@raglgra ﬂlﬁ%yje rel apsing multiple sclerosis.

In some enbo e patient s not agnosed with relapsing remtting

mul ti p'[ﬁ?%ﬁ't A3 MRER,RhAY thl A& c%f}[ﬂl‘?@a{ﬁ%{&fiso #?ﬁ?@lt)sogpr%fg”el enbodi ments, the

pati ent her "has evi dence o n sone

enbodi 6‘# ,]{he sanpl i S cerebrospinal fluid, sanple.. ln sone
orbodi MRS e adutens e Fefhod father hruprisce acy ]AIH frvient 2PEU ot ed 1 g6

i ndex. o] enbodi nment s he ewidenc f inflammation is indi.cated by
106 of ity ony SBR S Rk bASHGE PIE ARy cMpaRTo g sBuer Wit o
enbodi megibs corhpeinal i@ Ntas), SRG NGNS Sarelf SKYY HANEY: 12, hadb adbiddht clmi® for | ess
t han about, 15 years. In enhodi t he pat i h had an EDSS | ess
than or'egghlarcay %H@Hﬁlnsgggﬁ&%é‘s SR s o e ﬁﬁé’%ﬁv 8D e

enbodi MBMHogimdnethk AR €T ahiib PSS @MEANaWn ¥8RE SmPEdiREnts AhSIRLEDIY
treatnent is not attributable to relapse. In sone enbodi nents, the increase

i n EDS3nBodytis figgipaba hoigmegmpodinggisnthe apiéf &R antibpdgisdagpumapws sg@sar s pri or
to stard\mgitdRathani-crip aﬁﬁ%g%*’?ﬁ@'-di‘é% SBLOEE RlohEafboddRM, uR #hid POI Nt
increase in EDSS over two year$S prior to starting treatnent 1s not

at t ri butial) atibody ie Kelpdé. Inlspms ombo@mionidi themitsCDEh entpatly értAX0ur t her had two
or nore relapses within two years prior to starting treatnment. In sone
enbodi 8060, TiveprEPBSnwineinn Sirthet progides mathndsnior ingrkbe greemtiaBio} ar@ibodyaerd
about 6a' p?farmaceutically acceptable composition thereof for use in a progressive multiple sclerosis
patient subpopulation, the methods comprising informing a target audience about the use of the
anti-CD20 antibody for treating the patient subpopulation characterized by the patients of such
subpopulation having one or more characteristics selected from the group consisting of (a) an age
less than about 55 years, (b) one or more gadolinium staining lesions, (c) at least about a one
point increase in Expanded Disability Status Scale (EDSS) over two years prior to starting

treatment, and (d) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points.

[0061] In some embodiments, the progressive multiple sclerosis is primary progressive
multiple sclerosis. In some embodiments, the progressive multiple sclerosis is secondary
progressive multiple sclerosis. In some embodiments, the progressive multiple sclerosis is
progressive relapsing multiple sclerosis. In some embodiments, the patient subpopulation is not

diagnosed with relapsing remitting multiple sclerosis when starting treatment.
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[ 0057] In sone enbodi nents, the age of the patient is |less than about 51.

[ 0058] In sone enbodi nents, the nmethod further conprises advising a

pati ent. WOQBBJo3sss7some enbodi ments, the anti-CD20 anti lpoaiyUuScanapsiises: a) a
heavy chain variable region conprising SEQ 1D NO 10, SEQ ID NO 11, and
SEQ ID NO 12, and b) a light chain variable region conprising SEQ I D NO 4,

SEQ I D [p6827. ANEmeERbb&ntNGlsOhe bitich OB SIRRAN TRMCS hast NR1cAR df-iffARnaRhLI body

is ocrelizumab. In sonme enbodinents, Fhe anti-CD20 anti body is rituximab.
| n somen érppieneneme cmhedigants -(BDROPAS alseighropring fhidsnpid [n yomes one

embodi nBNLS; e I 1 : i cdiS s I
enbodi nent E’,m%l‘ﬁéthgﬁﬁd?%gbﬁ%m“%g%? 1?%11% %1& ﬁivas%gr%%@glr@%' [ ﬁéﬁ?ﬁ t he
ant i - Coh2a®odmientyothy evideiA20 inffa0d60pn FhedipresenkeG digenbnd bafdsrdeteeted py ovi des

met hods_ f rggﬁ%keting an anti-CD20 anti body or a pharmaceutically

accept abl“ e “¢6nPosSi"el on thereof for use in a progressive nultiple sclerosis

tient | ation, .th t hod i Si i nf or.mi t t '
Dot DR bR P SRS Be Bl PSS PRk e Bt lhence
subpopubaleisaRarcivatiact whiszBitoby chibediphis St patht SbEHpuSAHdAGRULAEDSS IRavi ng

one or nore characteristics selected fromthe group consisting of (a) an
age | edBan gigAva poeRouss0yerdess thanpoydQ ysars i seme suBPHmFtim 8¢ WX | esi ons,

(c) at HIsasbveaRdcas B8 (PRAMLg irffheRIEnd RuERANCRATh Rk ohley Status Scal e
(EDSS) over two years prior to starting treatnent, and _ﬁg%a.NUItlple

Scl er oginbodianeats; thy igeesein(INBSE) agleanabout pHarpoal drfrease | over 0B614ars n some
enbodi neat ﬁ:i st tgéa?;ﬁ&ﬁ.sﬁ's&%e %gg(?iﬁl%gts,stﬁé SNORt sbolita P5pORE }ﬁcfl%lé%qr‘ Epysve

mul ti pl'e scl eros n sone e nt's, the progressive multiple sclerosis
i s secardamyp yero gries®isteetingirdaimdng issok atrgsitable tb melsmpaenenine dinheditnsnts tthe

progressi.v |tiple sclerosis IS progressive relapsin |tiple sclerosis.
P Lo st ok ERRSIT bl SRS B P IREt P Ty Bt

r el apsigmicilh tomgembidinm@lig tsclieSOHhen whrehg GEanthigbdweatavomt3.§ 4I62] | n
sone enbodi nents, the patient subpopul ation further has evidence of

i nfl amf@PdPin a sanple. In sone embodinents, the sanple is a
cerebrospinal fluid sanple. |In sone enbodi nents, the evidence of

i nf | amtYedn Insomg gmbadiggnisythe aecepidhepatigny sybpqpHiaEen isiless Smabavddi ment s,

t he evidence of inflanmtion is indicated by 1gG oligoclonal bands detected
by i sodP@Nr i speegaAgMepIobsnt-HDE prtikodh SonRBIEs?) AR Yshtinggtiable
subpopyl-abh 05 Hiasth MEERSR @10, $ReAreNot Nama@ayin fd1 4 aha ié}’él%ghtt B, about 15

years. |I'n sone enbodi nents, the patient subpopul ati on had an EDSS | ess than
or equalaripije gdgourtcoBpOising SERIHNOHahEQEBUNO:20andddi($ ID N®): & dasoretrbodi nent s,
the incr ' - ' ' Ntbhs Not
at i ot s FERnEE A FLaREN AR haoh RhbMIRAL TR IRAERIE 1S oy
| east alndbiddyas fitusinpdi ht sonrenéadendns, BESBiI-OVED anwleody éasfatumumab. In some
embodiments, the anti-CD20 antibody is TRU-015 or SBI-087. In some embodiments, the anti-

CD20 antibody is GA101. In some embodiments, the anti-CD20 antibody is hA20.

[0066] The present invention provides articles of manufacture comprising, packaged together,
a pharmaceutical composition comprising an anti-CD20 antibody and a pharmaceutically
acceptable carrier and a label denoting (i.e., indicating) that the anti-CD20 antibody or
pharmaceutical composition is indicated for treating patients with multiple sclerosis having one
or more characteristics selected from the group consisting of (a) an age less than about 55 years,
(b) one or more gadolinium staining lesions, (c) at least about a one point increase in Expanded
Disability Status Scale (EDSS) over two years prior to starting the treatment, and (d) a Multiple

Sclerosis Severity Score (MSSS) greater than about 5 points.

[0067] In some embodiments, the progressive multiple sclerosis is primary progressive

multiple sclerosis. In some embodiments, the progressive multiple sclerosis is secondary
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prior to starting treatnent. In sone enbodi nents, the at |east about a 1.5
point increase in EDSS over two years prior to starting treatnent is not

at tri but alwDeoton3ssrapse. I n sone enbodi nents, the pati eRCTASR@OOE114L | on
further had two or nore relapses within two years prior to starting
treatnment. In sonme enbodi ments, the EDSS when starting treatnment is between

about 3 Q%réd@g/em&ﬁle R1&osif. QR @éﬂle érﬂb(ﬁi@fﬁﬁlt@ 'ﬂﬁ?ﬂﬁlb he mdifife 89&08§ ist he pati ent

subpopul ation is l'ess than about 51. [0 In sonme enbodi nents, the
anti - Cmegra%tvleb@agﬁmgdwwplgé@leroalf Iy Sh@avlylb Vaiens g pasisnias ﬂ@gﬁl@mowﬁﬁm si ng

SEQ I D 2, and b) a light chain
vari abl %Slgoghnﬁgo r| in %(ng% a%%ﬂgqééé%? ) NO 5, and SEQ ID NO 6. In
sonme e me t ' I 0

cnbod roog " hime b ?9%@58699%?%%%*“?@%& SyPEE o et it o
anti-Cﬂmﬁmanbb&ﬁdymﬂhemﬁmﬂunmmnb&akpmsbhndenhﬂdﬂmmmn@mthMn@niMinQO

anti bod U— 15 or SBI -087 mep th nti - 20

20t | bodydeBeecshratmption s giga by e e RE IR Pesdins Amefiisa 5 hazo.

[ 0066] thﬁnwcﬁsmmhﬂmni in@idatpd BY e sligiclongll RGdfetdrra by agklet @ic Gatpink Si Ny,
packaged toget her, a pharnmaceutical conposition conprising an anti-CD20

anti boctm@}d B sPhRiediulcheatht paracRRhabdheEDSE bf fca@nNthaRat AbSD foapgt i ng
(i.e., |nd|cat|ng) that the anti-CD20 anti body orEﬁharnaceutlcal

corrpos.tb‘rilb'«wows 3 Yeaisclrsepreembodimenls; g Piient kasihad ot ERStigst then er e@rkifosi s

havi ng .8p& %fo'i‘%?th‘aﬂ%cﬁa@ﬁ@géa% ﬁ&%n%eén@&Jdﬁgenftsf B0 NEsOEPLINS S BNSItwE | NG of
(a) an age less than about 55 years, (b) one or nore gadolinium staining

| esi ongyeas eYionto shastarg treayaant lsetlobﬁtéﬂbpl@ﬂbiﬁtto irglefrsedogomng emkghmd@t@l, D¢ matgidei t y
d (d
St at us 1§ ‘ﬁi‘ﬂs@é EQ?a% ab%ég%/ }af_j:ﬁgln}/%@feﬁs&% r@gfgg)oQ/eIf%@{)%%@%ﬁl%p% Hltlent.an (d)

a Mlti erosi s an a p0|
[0067]Ihmmsemnb@hm@msnbmm3¢mmﬂmumrb@pemsmvmmnuhEDﬁS@v@ahemmmsgnm&opr|nary
progressi ve mul ti nts, e. e

i o1 prindh Bbed it SRRy 5t Byt dBer BE RipIRERS e PEiBLREREIRY Khhve
enbodi neidge relldpeespritn BESy4s pridk td drénSElenos] I8 sbiic PMBEdiRR Ak MBe EPB8PSi ng
multiple sclerosis. In sone enbodinents he patient is not diagnosed with

rel aps|Wft&nrsﬁlﬁqftgttfeﬁ@n%lstqemeén§'&‘P"é|3(§)§in§ ab\ﬂ”r’éﬁ starting treatnment. [0068] In
sone enbodlnents the patient further has evidence of inflanmation in a

sanpl e.[0070] s olesormtsEphigisns, the Age fdbpopaticnlss lescBpREtyspinal fluid sanple. In

sone enbodi nents, the evidence of inflammation is indicated by an el evated
| gG i nd@4711| ninsgne carvpdisicnrnihe pharmaceaiira spppossion seppamfaicantii@3Ihdi cat ed

by 19G a(Pl ﬂ) Ca.lnﬁ %Lphgﬁﬁg@utﬁ:as}e %%g&aIQX cér?i@ﬁls ?‘F& 5dn@'a11§e? CIH%MHQ e [)Qcﬁﬁiglllts the SOME

enbodi nent s, at1 ent an EDSS of greater than about 5. or |ess
t han abmuttamtscqzmmsss betweengireutébledbmertsgramk el thatn@hiD2Aastityaly. IarsOEE)SS | ess

than Orem%%HlmenEs the container comprises between about 0.3 to about 1.5 grams of the anti-CD20

antibody.

[0072] In some embodiments, the label provides instructions, wherein the instructions indicate
that an effective amount of the anti-CD20 antibody is administered to the patient to provide an
initial anti-CD20 antibody exposure of between about 0.3 to about 4.0 grams followed by a
second anti-CD20 antibody exposure of between about 0.3 to about 4.0 grams. In some
embodiments, the initial anti-CD20 antibody exposure and/or the second anti-CD20 antibody
exposure is between about 0.3 to about 1.5 grams. In some embodiments, the second exposure not
being provided until from about 16 to 60 weeks from the initial exposure. In some embodiments,
each of the anti-CD20 antibody exposures is provided to the patient as one or two doses of anti-

CD20 antibody.

[0073] In some embodiments, the anti-CD20 antibody comprises: a) a heavy chain variable
region comprising SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:12, and b) a light chain
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about 5.0 for |ess than about 10 years. In sone enbodi nents, the increase
in EDSS over two years prior to starting treatnent is not attributable to
rel apse. W0 8mwB3ssmbodi nents, the increase in EDSS i s aPCrasgeoabaat a 1.5
poi nt increase in EDSS over two years prior to starting treatnent. In sone
enbodi nents, the at | east about a 1.5 point increase in EDSS over two years

prior tQrighiafdoidhCobdpB&h BN IDSNOA SBOUDI NI HE@ID RKBHIE sorhd) SONME
enbodi nents, the patient further had two or nore relapses within two years
prior terbodimpanisppeapeiiipdmntibqdy iseqrelizamebdn rene smbediacrpIB: yitieGD3Y art i ng

treat ’Tea'ﬂh?&d? DRGSR, APQUT: e‘ﬁlb%dﬁt%%s, gldhti-@g'%p a[u%l%%l%is +ﬂtuﬁﬁ%b.em8 Lnents,

the age o he patient I's less than about n sonme enbodl nents,
t he phamradeunisctle agohprdianiionlycofRiEiSng SBRO8 AN ForngDA0b@mhetothe anid t he

he. contlt ac%L%%Yd'a?f@@i?@'g?f&é%‘nﬁ%%%@a%%i@aﬁ%@%@%i g AR o e?EEdi e
anout 00040 Lgitctt & GRTRaREPATHES Bibroa B0 IR R BB SRS T Some

enbodi meedrsssive nldiad edlerpiowilti@spona$d 4 HedtmemnSyithh@u g useditb @cdtmaltiplet i ons

i ndicate that an effective anount, of the antj-CD20 antj body is adm ni stered
to the SpisfIsEnthe isthord oorpRIisig %S?ﬁs%%Pneamtmr@ﬁ%a%tspwa&wéﬁﬁf@guh%gr@flp bet ween

about  Quoasilthe@p elitan 4eO1c8 BAPBaHoa! 5%&%@{ @% ofle SSROV %a&d?ﬁﬁdn@%%;%ﬁés@i&@,%)
u

exposure of between about 0.3 to 4.0 grans. In sone enbodi ments, the
i ni ti alatiastiab@paeng peinbpeizasexp bspandechRADHY Helus SeaddDRM PvaTibpo yeas | body

exposur.eg. i . . i Eglgﬁ, t he
second pglf%)(ﬁ))sslgaﬁgxgg%tﬁgﬁhu%ndgcri)ga{/mlet%peagn%lelrﬁm??%r&ﬂggsocg%&mg g{@ gglé‘ s fromthe
i ni tial5 mupestreeby ltine gontbe eadodidiumestdising daohs,dlic inhreasant EDCS2@ eatwa feady
exposures s provided to the i ent as .one t oses, of anti - 20

ot body o | SRR IR TSy bt B AR L AT Enhert B S a8y "Bk lee: o)
a heavyeghad b Marreapba. regi on conprising SEQ ID NGO 10, SEQ ID NO 11, and
SEQ ID NO 12, and b) a light chainvariable region conprising SEQ I D NO 4,
SEQ | D b2, mndmSERbbANNGIsGthe bfbofQiTRe RUNPIH RIS, is piiBagpderé&BREO ant i body
is ocrelizumab. In sonme enbodi nents, the anti-CD20 antjibody is rituximab.

I n someM@HPE A REME-dN spe cahedimerpdhapiogiseiNe MEtBl s¢laidirdseciadome

enbodi MR8 rSssivk %l@ﬁ]& 51GH89 IﬁlEﬁﬂl@ag%diirﬁen-[ﬁkﬁe%%ggr@srsivg%u'l@[ﬁg sclérBsiSRMe
enbodi ments, the anti- CD20 antibody is GAlQ . In sone enbodi nents, the
ant i - CIzeRrestvie s alypiriggniAplo sclpReiF 4N sThe cipbedimpants,jth/awkiccbin nal deenepawiges

met hOd%elfaﬁg\;i\ﬁlao{eﬁl%iﬁ%hﬁgipws%ieli]@sﬁs %&%@Jr@%tﬁ%{hg&épr ogressive mul tipl e

sclerosis respond to a treatnent rug used to treat nultiple

scler Oj'gtﬁq]t &, s%%%gﬁlgé%i&%%f the bil9e ARRERPAN 9P PRaRHee BPIAGRAGAFRS | StI €S

sel ect omthe
sample. In some embodiments, the sample is a cerebrospinal fluid sample. In some embodiments,

the evidence of inflammation is indicated by an elevated IgG index. In some embodiments, the

evidence of inflammation is indicated by IgG oligoclonal bands detected by isoelectric focusing.

[0077] In some embodiments, the subject has had an EDSS of greater than about 5.0 for less
than about 15 years. In some embodiments, the subject had an EDSS less than or equal to about
5.0 for less than about 10 years. In some embodiments, the increase in EDSS over two years prior
to starting treatment is not attributable to relapse. In some embodiments, the increase in EDSS is
at least about a 1.5 point increase in EDSS over two years prior to starting treatment. In some
embodiments, the at least about a 1.5 point increase in EDSS over two years prior to starting
treatment is not attributable to relapse. In some embodiments, the subject further had two or more
relapses within two years prior to starting treatment. In some embodiments, the EDSS when

starting treatment is between about 3.0 and about 6.5.

[0078] In some embodiments, the age of the subject is less than about 51.
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consisting of (a) an age |ess than about 55 years, (b) one or nore
gadolinium staining lesions, (c) at |east about a one point increase in
Expanded Wo=a1wd3s38y St at us Scal e (EDSS) over two years PCITAS2e09/08tarti ng
treatment, and (d) a Multiple Sclerosis Severity Score (MSSS) greater than
about 5 points, whereby the age, the gadolinium staining |esions, the
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or a conbination thereof indicates that the subject will respond to the
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dlagnos th relap5|ng renltting mul tiple sclerosis when starting
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treatnent is between about 3.0 and about 6.5. [0078] In sone enbaqdi nents,
the age!@frelipunaby b some cmbogigicatsy pperPr 2MEE L e OfTBkPEg)ab CRPSBIRS ASAEDATSHEAL s of

any of tfl@ﬁatﬁﬁtteﬂ@&% d&des 8f @dr&izﬁﬁlaﬁ)fln @@rﬁé‘&%ﬁédﬁﬁl@ntgQﬁ&l‘iﬁtﬁ?gcra%ﬁiaﬂ expdifre
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some embodiments, the methods further comprising providing a fourth ocrelizumab exposure. In
some embodiments, the methods further comprising providing a fifth ocrelizumab exposure. In

some embodiments of any of the methods, the methods further comprising providing between

about one to about three subsequent ocrelizumab exposures.

[0082] The invention also provides articles of manufacture comprising: (a) a container
comprising ocrelizumab; and (b) a package insert with instructions for treating multiple sclerosis
in a patient, wherein the instructions denote that an amount of ocrelizumab is administered to the
patient that is effective to provide an initial ocrelizumab exposure of between about 0.3 to about
0.6 grams followed by a second ocrelizumab exposure of between about 0.3 to about 0.6 grams,
the second exposure not being administered until from about 16 to 60 weeks from the initial
exposure, and each of the ocrelizumab exposures is provided to the patient as one or two doses of

ocrelizumab.
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ocrelizumab exposure of between about 0.3 to about 0.6 grans foll owed by a
second ocrelizumab exposure of between about 0.3 to about 0.6 grans, the
second exywo0ren3sssy bei ng provided until from about 16 POTAG20080KHSfrom t he
initial exposure, and each of the ocrelizumab exposures is provided to the
patient as one or two doses of ocrelizumab. [0081] In some enbodi ments, the
i ni tialjoggd)el inZeRRnBYFARHIEhE $ni@d Qbeli inabPxBEBire ik BbRP 0B LAROM SRRt s, the
second ocrelizumab exposure is about 0.6 grams. In sonme enbodi nents, the
second cahpdnmnes, the seadnil aprstiamsd ckpesticdbaaut 0.4 gfpes &n fomsrantiodinpanist fhal

exposurg gconh%x QR 1?%ﬂ1s[€?ggl§om g&ﬁlt 94 s%rﬁ%{ th%hﬁbg%%ﬁ(gshlzeum p_OS ures are
provi de e patient as one dose ocrel i zumab. sone enbodi nent s,
one or etmmt)élrmffntst e cocnucet Dﬁmﬂabfebamr@wxp@ua:s @remr@vddﬂied theqaatihlﬁ apand ént as two
doses of OC{ %ypa SOTe Se i f ha ocrel zuna& gxposure
conpr i sa§EIFHADy o8 68}1?8 15“%‘&%“%‘“&6‘% oPe 8“? é%“umzau BOSUR &R Y950 F i st
dose antk peieond tdodeseobf @celphinablmakoms e@balitnesls, 3hginab ocrélikuﬁﬁHEXposure

enbodi nents, the second ocreli_zu ex os re._co es . a sin se of

ocr el | ZARRESSHE Elop 1it ngwg 86‘3%50@ hFlf?IE‘HB%F% d@%@ﬂ@? d%% some
enbodi MERESIizd SB8N0dS EMﬁéhﬁ&m&Qﬁﬂ%H&kﬁ% &%%ﬁhﬂhﬂ%sﬁnﬂﬁt&dm&%h%|IZU”Hb
exposure. In sone enbodlnents t he methods further conp r|S|ngzprOV|d|ng a

f our t h RsgYiding 2 dhisshocestisumah exporyic.dp seme beriment she inHaIcherHYHEeTf ur t her
Conpr Soribh@ IRl Srohkh bt RAREh ZHITRR. BKRAR UhiboatlaROE iRTRARKTENT S, OF
me 0

any of t e met r conprising providing between about
one to1hbbum0mhmsggmub@aguéhﬂl@m@@hm@@n&bmaxdbsqmesmb@ﬁmem}omMQCﬁﬂwention

al so pr.ov des es manuf act ur e cp iner
conpr | SRER bR AP e AP BL PRl e B SR AT 1o

t r eat i ngbseybdni pirelimnlabregsissres.n a patlent wherein the |nstruct|ons denote
that an anmount of ocrelizunmab is admnistered to the patient that is

effective to provide anBRINHDBSCRIPTEONZUNMBHERAOBMINGSOf bet ween about 0.3
to about 0.6 grams followed by a second ocrelizumb exposure of between

about (o@B410 BikeMt Alis@ sg[uaﬁ& alfgﬂlﬁeﬁeaﬁapgh@ﬁp@smme abidtsedRh&rg o dh@ilighst er ed
unti | fron1about 16 to 60 we romthe initial exposure, and each of the

ocr el i ARy 2EPodUPER (Vi Oﬁfs%%wr%mﬁés%%tﬂ?é{@ Dafurgpizesh 2 Ay 00 gE of
ocreli Z(SEQQD[@@§§]anH fhe3RNEN & mgﬁ?a;aﬁl, sutagi%up mstﬂ@in N@f?é' Tﬂé@hs gxposure is

about 0.6 grams. In some enb %%%nen ts, the second ocrelizumb exposure is
about Of@ ﬂ@ﬁhuﬂ{thbﬁ@a%ﬁﬂ@W$ﬁﬂﬂ@%@ﬁihg)§§b®n@DB%§S@QJ@Pﬂ%5adwﬂn|stered

froma 3 (¥ﬁ$5§)5r0n1the initial exposure. In sone enbodi nents, one or
nor e of e ocC |zu¥éb exposures are provided to the patient as one dose

ZLpSELﬁQ‘é@“ﬁ PSR GO RRO TR o ARG L BRRQMORAE L MR, | e
enbodi maahsarighiedomaib (Gh) o el df aumiab 2EY H8EQME NO:7), humanized 2H7.v16 variant

(SEQ ID NO:8), and the human consensus sequence of the heavy chain subgroup III (SEQ ID

NO:9). The CDRs of Vi of 2H7 and hu2H7.v16 are as follows: CDR1 (SEQ ID NO:10), CDR2

(SEQ ID NO:11), and CDR3 (SEQ ID NO:12).

[0086] In Figure 1A and Figure 1B, the CDR1, CDR2 and CDR3 in each chain are enclosed
within brackets, flanked by the framework regions, FR1-FR4, as indicated. 2H7 refers to the
murine 2H7 antibody. The asterisks in between two rows of sequences indicate the positions that
are different between the two sequences. Residue numbering is according to Kabat et al.
Sequences of Immunological Interest, Sth Ed. Public Health Service, National Institutes of
Health, Bethesda, Md. (1991), with insertions shown as a, b, ¢, d, and e.

[0087] Figure 2 shows the amino acid sequence of the mature 2H7.v16 light chain (SEQ ID
NO:13)
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conprises a first dose and a second dose of ocrelizumab, wherein the first
dose and second dose of ocrelizumab is about 0.3 grans. In sone

enbodi merwe,20t0s33smst ructi ons further conprising provi diPg/Gs2000i08T51
ocrelizumab exposure. In sone enbodi nents, the instructions further
conprising providing a fourth ocrelizumab exposure. In sonme enbodi nents,

the i ngpossit | PRSrRUWLLRE he QAR dckl RYudcOV¥T @b RAnAe it 16 RGN LAY AXPOSUr €.
In some enbodi ments of any of the methods, the instructions further

conpri Y@G4provi di ng bet ween about one to about three subsequent
ocrelizumab exposures. BRI EF DESCRI PTI ON OF THE DRAW NGS [0084] Fiqgure |A
is a sd80fHcelighicgriiers the ampar dorbscrpacant the nabire 2 égdlehass clofin (HE [ ght

chai n g??Hﬁfﬂ%g%E&ngk%ggktﬁﬂ& e%%ﬁq@%bﬂﬁ62H7 (SEQ ID NO 1), hunanized

2H7. vl 6 Vv an , an e human kappa |ight chain subgroup

SEQ | 3).. Th f.. VL of [/ 7. vl foll. —~CDRl
(50 1 SR ) Pl PR s et AR S Ty Rl s B G €
| B i s dDe¥QSelrtcaddb) gspeetine]yoowila Kby vadiveladinnin asidde seqheingasd 86 t he heavy

chain varia?le domai. %VEGFOf each of nmurine 2H7 (SEQ ID NO 7), humani zed
2H7. vI EOPPI JRPANSEHYHURIE S and the human consensus sequence of the

heavy chain subgroup 111 (SEQ ID NO 9). The CDRs Vv 2H7 and H7. vl 6
are as [P@ﬁomﬁiggrémﬁovgwhw Of’%% @a%ﬁﬁgie%véé@nﬂ%h&&?%ayy b (SEQ
I D NO 1bos[ 20BE6]17) laseb@uenyd, With &asht FhidhEddnBin fdRuChithberfebiRdd pad CDR3 in

each chain are enclosed wthin brackets, flanked by the framework regions,

FR1- FREONgantdagppiadesediic pfpeligf.ers to the nurine 2H7 antibody. The asterisks
in between two rows of sequences indicate the positions that are different
bet weerd 08924 t ligusdophere asoveRasy @hdenivgh desigigior eaine aelasig-reoitkabat et al .

Sequen Of emeakinghaah Lerest, 5th Ed. Public Health Service,
hbtiongﬁﬁPﬁgfétuteslog ébaukﬁ,'Bethesda, Md. (1991), with insertions shown

mat o e IR, 1 et o KRR MET IR BBt RS GBI o o
aci d segbjets & thé plabebormnd vitxii@d/grots. heavy chain (SEQ I D NO 14). [0089]

Figure 4 shows the am no acid sequence of the mature 2H7.v3 1 heavy chain
(SEQ | 0osad] 1Bipure Phdots tleaiadianfch2idé.iv 32 lesion vblenesame baslificon vkl 991 he [ 0090]

Figure 5 shows a ignmept. of the mature 2H7.vl 6 and 2H7.v5 11 |ight
chains‘féﬁffWTVNE%?£ig“%hgowg?IWBspectively), wi th Kabat variabl e domain

residu erin nd Eu
e[OJ)ByTD l{"igul% 1% sﬂows a summary of baseline characteristics and hazard ratio of subjects in

the placebo and rituximab groups.

[0096] Figure 11 shows multivariate analysis of additive predictive effects of age and
gadolinium (Gd) lesion at baseline for the treatment effect in the placebo and rituximab groups.
Figure 11A shows multivariate analysis of age < 51 and Gd lesions at baseline = 0. Figure 11B
shows multivariate analysis of age = 51 and (Gd lesions at baseline = 0. Figure 11C shows
multivariate analysis of age < 51 and (Gd lesions at baseline = 1. Figure 11D shows multivariate

analysis of age =51 and Gd lesions at baseline = 1.

[0097] Figure 12 shows multivariate analysis of additive predictive effects of age and Multiple
Sclerosis Severity Score (MSSS) for the treatment effect in the placebo and rituximab groups.
Figure 12A shows multivariate analysis of age = 55 and MSSS < 5. Figure 12B shows
multivariate analysis of age > 55 and MSSS < 5. Figure 12C shows multivariate analysis of age =

55 and MSSS = 5. Figure 12D shows multivariate analysis of age > 55 and MSSS = 5.

[0098] Figure 13 shows Kaplan Meier plots for the time to confirmed disease progression of

subjects in the placebo and rituximab groups with the following characteristics: age = 55; 3 =
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constant domai n residue nunbering. [0091] Figure 6 shows an alignnent of
the mature 2H7.vl 6 and 2H7.v51 1 heavy chains (SEQ ID NCS. 14 and 17,
respect i WeDyp10/08838 Kabat vari abl e donmai n resi due numbelPChg/Sand/0EUStonst ant
domai n resi due nunbering. [0092] Figure 7 shows an overvi ew of the study
design for treating relapsing-remtting nultiple sclerosis using

ocrel i 2440m@Be EIIYQL34. 5 FixgM0R e PaSheNRitKaR RO dlYRE R > Pb Alass PThelrit@sdiihBDSS <

confirmed di sease progression for subjects in the placebo and rituximb

gr oups.> eG4 duraygp & 19 lg‘lhéméa&eh@eﬁga$aﬁ~ change in T2 lesion vol une from
baseline to week 96. The Y-axis shows the T2 Lesion Volume m8. [0095]
Figure 10 shows a sunmPEMRMBED BHSEIRIREI(R Al IN ¥ ENEEOMNnd hazard rati o of
subjects in the placebo and rituxi nab groups. [0096] Figure 11 shows

mul ti vari at delimaiopsi s of additive predictive effects of age and gadol i ni um
(&d) lesion at baseline for the treatnent effect in the placebo and

rituxi mB@PRYr otp'S-cehi’ gurlgmpheyshbatsnatues wibinitizt wonamaiysi sndohcladps anabel and

G&d | esipns, at._basgline =.0. EFigure 1lB | tivari ate anal ysis of age =
51 and® o ReuPBRE ohP o GShPoRE e BB B pE R B 737
of age mondndligamd BGlll esi ons at baseline = 1. Figure 11D shows nultivariate

analysis of age = 5 1 and Gd | esions at baseline = 1. [0097] Figure 12

shows MOLO0]VaAi @ eliaduatays markef” add-télvairpie dhtedenV Befif i ah Sn@fenagpreasnd
Mul tiple Sclerosis Severity Score (MSSS) for the treatnment effect in the
pl acebondhe swfacgef bl thefisan britaygeted Vith agraiiBodn that Ringds therstoa Ra¢yBiRy of age

2% 2B Ry O30 DO A (808, BRbYELR QiR 5 2nd
Fi gur e (R, sHvs ARI2t CVAB| @DA4 A0RIYS] GDof/6 4P 72 CBwahCIVBESCH79b, (D8OS]

Fi 3 I Mej |_ot the ti t fi d di se

" qure 13,20t IReR R e Rlels il e LLIE Lo Eontly e dissace

fol I owi g TRORERAL ST &ﬁt%g&ﬁ ‘FaB9B ook 2P EditiohapR)y Be B3 7t fi: Read¥fzd P'ﬂ%{}gr

patients wth di sease ration > 10 years i f their baseline EDSS <
di seasdldorat Bowe & €6., Newt Yieiky. QthseB icakk sSEDSE nxBkerDcAIdeERY IDESGRIPTIEON OF

at or eSS G PaeroN Iy PO Ca it 4 R, SATIEPPEEERT & cer1

or ef f qeRar1, BREARD! ATPESRFERHBSIRTATh & cRHGEBUME! £id 30887 deB-8Qr Mal  or
non-mal i gnant B cel |.
surface marker of particular interest herein is preferentially expressed on B cells compared to

other non-B-cell tissues of a mammal and may be expressed on both precursor B cells and

mature B cells. The preferred B-cell surface marker herein is CD20.

[0101] The "CD20" antigen, or "CD20," is an about 35-kDa, non-glycosylated phosphoprotein
found on the surface of greater than 90% of B cells from peripheral blood or lymphoid organs.
CD20 is present on both normal B cells as well as malignant B cells, but is not expressed on stem
cells. Other names for CD20 in the literature include "B-lymphocyte-restricted antigen" and
"Bp35". The CD20 antigen is described in Clark et al. Proc. Natl. Acad. Sci. (USA) 82:1766
(1985), for example.

[0102] An “antibody antagonist” herein is a antibody that, upon binding to a B cell surface
marker on B cells, destroys or depletes B cells in a mammal and/or interferes with one or more B-
cell functions, e.g. by reducing or preventing a humoral response elicited by the B cell. The
antibody antagonist preferably is able to deplete B cells (i.e. reduce circulating B-cell levels) in a
mammal treated therewith. Such depletion may be achieved via various mechanisms such

antibody-dependent cell-mediated cytotoxicity (ADCC) and/or complement dependent
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[0100] A "B-cell surface marker" or "B-cell surface antigen"” herein is an
antigen expressed on the surface of a B cell that can be targeted with an
ant i body whabio3ssss t heret o. Exenplary B-cell surface neckarsgomnsiiade t he
Cbhl O CDp19, CD20, CD21, CD22, CD23, CD24, CD37, CD40, CD53, CDr2, CD73,
CD74, CDwr5, CDw76 CDhr7, CDwr8, CD79a, CD79b, CD80, CD81, CD82, CD83,

CDwa4, C%Gmhl%m@ﬁ%yBeceﬁg)lfcflﬁ&ﬁtlmnlﬂﬁfrancﬁ,ltlﬂfn SeR6d11 RLIQRS, vigee The
Leukocyfe Antl gen Facts Book, 2nd Edition. 1997, ed. Barclay et al.

AcademapoPpEs)s, Harcourt Brace & Co., New York). Other B-cell surface
mar kers i ncl ude RP105, FcRH2, Bcell CR2, CCR6, P2X5, HLA-DOB, CXCR5, FCER2,
BR3, BtIPYI3INAGIibody-redeno celFmprinted PR?FWZICIWZ\’TWS?’Q)C@E:RF@ to ¢ FetlamedipieRHG,

BCMA, Qé%u%?%zw ch I&Fs BifE C}Jtot&ﬂ ﬁ%}ilﬂ%%;%%s oEs’ (%‘ﬁ’k@re %@ﬁ ﬂ%f.r ein

is preferenti y exp esse are i ssues
of a mahikalceldndeutmyhilye am«paceslﬂmgesmrecbgmi’e lpxued: amtﬂxody Bn e @drges cahahdmat ure B

e RN RSt B LR

phosphagpeber@RIDUAE, Wherédl encsluéitmpﬁ:fss BeyRateyRiIhan FORUMIOFcFBexgpedskidn bh om
peri pheral bl oqd or .| ynphoi d Orf”ﬁb CD20 i s g%esent on both normal B cells
as wel |hepatopgictigrelliin pnugpzsd iy fblg Sompaee 4oh pRavsirhsad KinshnAvgi Bev. ot her

names fof, &BR044700% d(}%i)l TERALUMDEOGHES o Bnloy&ﬁfmyﬁt@regteﬁltzh betedpant i gen”
and "Bp35". The antigen is describé d in Clark et al. Proc. Natl. Acad.

ScL (USAyysach ?fs@af(@%@)ﬁd it Bp Pateaih-&,500360 2] 58313 Hnmibrigeranned Shsplat -
herein s @ &k If&%q%hep%{ses %%f%@eﬂ;ﬂ%% "B%oh%o%oﬁrc &k 1&%?&&@ H@Nﬁéﬁf 1on B

cells, destroys or s'in a manmal and’ res with one
or nor KiBee(NK)fcakhc t'%ilt@n@tiveéy,@r acﬂmticvreducéhlh@C@cti‘ptye:xf ¢t molgewde bilinereal maesponse

depl et S ard {68 i adea L rbdd e Ry RABE R PRSORe % df AMEHRY Or eat e

t her ewidskes52336h1ad8pl eti on nay be achi eved via various mechani snms such

ant i body- dependent cel |l -nedi ated cytotoxicity (ADCC) and/or conpl enment
dependqoieyt otidxhai dffecloCbXD); aﬂenéﬂkbi:;ttwna@&p@ssc@blor pfogd Fdreraad peiorand/ or

i nductiqn of B-cell death (e.g. via apoptosis). [0103] "Anti body-dependent
cel | - médicePRIneyRnstIBRPRF £ O%H?slantﬁ Abgoeslls express o lgasy Fedf L apd gpisy g Arl%%i@u onin

whi ch Q@fé%ﬁfh‘nfsﬂl&l EX&rﬁﬁSl%fqluﬁﬁh hekbdads Iﬁ{e@ﬁ%‘e EECC%H&@&eq{e%pﬁé:Q'ﬁc)od( €.g.
Natural Killer , heutrophi'ls, and nmacrophages) recogni ze bound

ant i bodyonspugiear &?%PBW)I’ naiwrdl l5lerd B eplls. jroseayées. dyyapec diceliywndt ar get cel | .
The pr'd@ﬁ{rérfph(fl?l\luﬁl 1‘3191(/[6@‘?19& %ﬁ @%%%efglﬁegel | s, express FcgRIIIl only,
cg

wher eas nonocytes express and FcgRI11. FcR expression on

hemat OHQ n I CEgStj'elln?s 'IPQ rgclé{;%?'rdrz‘ﬁgl{’l ate I&l&' & d§scﬁ£'e P %ggptéerLﬁat%gndg%/%E %@ and

Ki net
region of an antibody. In some embodiments, the FcR is a native sequence human FcR.

Moreover, a preferred FcR is one that binds an IgG antibody (a gamma receptor) and includes
receptors of the FeyRI, FeyRIL, and Fey RIII subclasses, including allelic variants and
alternatively spliced forms of these receptors. FcyRII receptors include FcyRITA (an "activating
receptor”) and FcyRIIB (an "inhibiting receptor"), which have similar amino acid sequences that
differ primarily in the cytoplasmic domains thereof. Activating receptor FcyRIIA contains an
immunoreceptor tyrosine-based activation motif (ITAM) in its cytoplasmic domain. Inhibiting
receptor FcyRIIB contains an immunoreceptor tyrosine-based inhibition motif (ITIM) in its
cytoplasmic domain. (see Daéron, Annu. Rev. Immunol. 15:203-234 (1997)). FcRs are reviewed
in Ravetch and Kinet, Annu. Rev. Immunol 9:457-92 (1991); Capel et al., Immunomethods 4:25-
34 (1994); and de Haas et al., J. Lab. Clin. Med. 126:330-41 (1995). Other FcRs, including those
to be identified in the future, are encompassed by the term "FcR" herein. The term also includes
the neonatal receptor, FcRn, which is responsible for the transfer of maternal IgGs to the fetus
(Guyer et al., J. Immunol. 117:587 (1976) and Kim et al., J. Immunol. 24:249 (1994)).
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| munol 9:457-92 (1991). To assess ADCC activity of a nolecule of interest,
an in vitro ADCC assay, such as that described in US Patent No. 5,500, 362
or 5,821,80820me33%¢ performed. Useful effector cells foPCTOSRAOHSAFE

i ncl ude peripheral bl ood nononuclear cells (PBMC) and Natural Killer (NK)
cells. Alternatively, or additionally, ADCC activity of the nolecule of

i nt er egh10Y ‘k@oﬁpﬁéﬁ&ﬁﬁgpdnaen\(lcyt@toxf%itg or (D@ RN Bihe ARG or3UENe @R bhat
disclosed in Cynes et al. PNAS (USA) 95:652-656 (1998)." [0104] "Human

ef f ect dysecdhugst'in gheapresspdeor womplentsat T &mlmggrn@ﬁéct@m%p%hm igieply f or m

ef f ect £ ast FcgRI I |
and carq{li/ﬂlgglﬁ é Xﬁ)%%flééf %@ 6(}%n¢6l}ﬁf§%daﬁm‘%<m %Fegg@olfq%ugr(rlglﬁﬁﬁguﬁé%ﬁges t ha'?
nmedi at enADEE) coroplerchd vp'érai piyeatahntigeocth wmnmoplemlcntcaellwa@O(l RBNMDY) assantalg. al
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ROST1 7s Ril wﬁ% B il %59%63808532415%%?%5%&@ el ffeﬁ%%@%?&wy a

pr ef er rggrekGmg drSantifén dbhatichhadaibaty b@ks. aot tage, (R Garsw hacepiear or and

i ncludes receptors of the FcgRl, FcgRI|, and Fcg RI Il subcl asses, including
al | el i dedpsF peifatmnetd g Hh‘t’i’"(’/élllcyorslﬁlvivéed forns of these receptors. FcgRII
receptors i.ncl ude Fc RIIA (an "activati ng rece tor") and FcgRIIB (an

“i nhi bilPI4Y reeEhndise Uyl "RATEHPARIOES sThibPET thatindhse aeizenaagl s dedhihari di f f er
pri marijy cdif af @&eﬁﬁﬁ%ﬂ%ﬂ&dQBgﬁbwa%J}@rsﬁgﬁ as KGdihy 8t An'ﬂgxﬂi@c?ﬂa Réndif@Rl 1 A
contai ns an i nmunor eceptor tyrosi ne-based activation motif (I TAM inits
cyt opl a¥mNA @@Hﬁhmnkagm Idiligiamj o gndaptas micoretictdgy Rl deB fragmeatpiie, ard/omfpumasioacept or

o on, AL s P FPhbo 65, 29‘9%)5) echs e revtcued i1
R 2457 199 |
et o % 00 Bl TR BRI R

126: 330nehbcloh%nibodiks hpo‘lyd?ml% antibodies) diuigspedifis entibodiee (d g divpedifieshtibnditd)e

future,. are enconpassed. the t. " Fc. rein, The term al i ncl udes
e nedais g RIBRE R alaty il Ry, BBy Resls P et Ry A REH U of
maternajesﬂfg1®o1t)gc§1ra@tl\f1§, us (Guyer et al, J. Immunol. 117:587 (1976) and Kim
et al, J. I munol 49 (1994)). [0106] " Conpl ement dependent

cyt ot oxogigy " " Miibo&Peagh@kLlcotPriseepddd ditat 1ﬂlﬁct%nMd?Cﬁlai%raﬁ)Bl doYrﬁﬁlsﬁgt ar get
in the tgqjesence of conpl ement. The conpl enent activa
t

1 on t'h
andigen hiadige sesiongthereot Ksamplessel aabastyrfegmen thhélecﬁagﬁ )Zsyst em

initia
(Cla) ta‘ﬁd@vrﬂ&%@%h{k Qilib%dﬁs lﬁ@a@éﬁhb&ﬂ&ygmggw&ﬁé%o\% hh)le%ul%gglg@t e antigen. To
aSSEesSs COITp efrent ‘activation ass . g. escri

Gaz zanon@asteoifio aatibodies fordned fromummbibodyMiadnesaits. 202 163 (1996), may be
performed. [0107] "Growth inhibitory" antibodies are those that prevent or
reduce [p14dl]i f Borabd wmpeks bereiel dn “intact antibody” is one comprising heavy and light variable

domains as well as an Fc region.

[0112] "Native antibodies" are usually heterotetrameric glycoproteins of about 150,000
daltons, composed of two identical light (I.) chains and two identical heavy (H) chains. Each light
chain is linked to a heavy chain by one covalent disulfide bond, while the number of disulfide
linkages varies among the heavy chains of different immunoglobulin isotypes. Each heavy and
light chain also has regularly spaced intrachain disulfide bridges. Each heavy chain has at one end
a variable domain (Vp) followed by a number of constant domains. Each light chain has a
variable domain at one end (V1) and a constant domain at its other end; the constant domain of
the light chain is aligned with the first constant domain of the heavy chain, and the light chain
variable domain is aligned with the variable domain of the heavy chain. Particular amino acid
residues are believed to form an interface between the light chain and heavy chain variable

domains.
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expressing an antigen to which the antibody binds. For exanple, the

anti body may prevent or reduce proliferation of B cells in vitro and/or in
vivo. [0MB201w38380di es that "induce apoptosis” are tho®eTiusaevioptiace
programmed cell death, e.g. of a B cell, as determ ned by standard
apoptosi s assays, such as binding of annexin V, fragnentation of DNA, cell

shri nkggey31di TR AN " QfiaSIRIRRARThE fahhCUlMMpoBRhd off ha GiRBcalohihs adng/ or
formati on of nmenbrane vesicl es éoal | ed apoptotic bodies). [0109] The term

"ant i bodiensivey é spapencey g@ang atibheichinzeuicd seths binding agpsrdcilicéalof yacBover s
monocl gpAlcuRAPLAGREY it @?ﬂgﬁ@%ﬁ@?ﬁ%@%ﬂ@&! e ’vafﬂ'ﬁliﬁt}l FPREL{dn (ﬁ&hb&g | €5

(e.g. bispeciftic antibo romat |least two Intact anti bodies,
and antthivoghouf tha yaeeritiedsmihodgnalsdidsely issxhédnirated rethde segrachthiallbdgi cal

activity. [01 " Ant j dy, fr. nts".conprise .a portion of i ntact

Sl bodypertipi gl bRt i TRk Sug FRTRN AR REEL Rty 18 bk

Exanpl asglo§ cantivedphtibnsagvenitte dontdinkdee &Ealdd tfedbimewolafr'ejods (TERx0l The

fragments; di abodi es; |ipear antibodies; single-chai nti pbody ol ecul es;
and nul@riayedempgigs %tfnaflﬁ% ¥y apght ghainsr By rng e Owrr@@ F@.ﬁmﬁz@ﬂﬁ-m t he

pur posegediesfiduratidl, confdctitbyafiet RARYvariable @8 ROWRICh fridobiRa¥NnRAkL, hh@ht
vari abl e domains as well as an Fc region. [0112] "Native antibodies" are
usual | yin pepeeseeiofaire Ppg of (Redopiest dupgreo f hahmgtvaliage optrng 41 ¢ash shaig aigposed

of t V\Dclﬁgftgéétﬁ&ﬁn hlo%gﬁrg%hﬁtyﬁggllé“ﬁ{sae{h& \Rfﬁﬁ) tﬂe%gﬂérlfﬁﬁthler}gggiyssf&ﬁ f%ﬂegﬁ d, Each

| i ght ain“1s link a y chain by oné coval ent
whi | e tcheinnesmbréutead tihi fouhdtiodef herkagrmsbinding g8 drpiitpdids €schdabst eehlai ns of

different imnmmu | obul j i SO e Ea h ng lLi,aght .chaipn also has

Pbaur ar TGSl Mt ROl ARG AT BB AR A S Ko 00 MO8

end a Mastitahd & Haihi Beticytt), MIol (190Wed Thy cénstadndieniaiof are ostshacddidnaiyia. Each
and a_ constant .domai n at

i ght chaj.n has a variabl e domain.at one end (VL

its ot ﬁ’él?‘il%%mﬂl, an{lﬁ%alyc% ﬁ&ﬁ&?&end‘&ﬁﬁigﬂg%f’ A Ha e{}?%‘l’ﬁf“&%&% 1 PRGBS th t he
first apnsdidbly Bamabiiyleptdienthermir GoRbNeidMbEde |ight chain variabl e
dormain is aligned with tﬁe vari abl e domain of the heavy chain. Particul ar

ani no goidyr eﬁipdﬁlecﬁgc@fi&l &.ee{n.tiﬁé/cﬁéi ﬂr&:lufc@sr tRoAlent B %iﬁlﬁﬁg’\ﬁ@nén@? calleght
chain and heavy charn variable domains.[0113] The term "variable" refers to
t he factab Hagmealst eich Wibnatsingtesanggen-biading site Bnda goiplinsc dirggneant. svoshisi vel y
In sequppee NG 2Bl %Ct‘ii# B AR EpdpSIG drehih ‘h[‘%‘% 1L Aol ag afPa%nEH hftaCl Ly oOf
each parti cul ar ar?tﬂ?lb% y or its pgr t‘#clul ar ant aen. I—%w()azve .t ﬁg ?

var i abitwptagtigen-maotingvien hyd disgll rapoble @f ctoby-lbekghpantigethe vari abl e domai ns of
antibodies. It is concentrated in three segnents called hypervariabl e

regi ond0bklh Thy" ishbe hiigjhiumcanéibed yalinag nieh ethhigauiains haomplegr intibéreredogmations.  The
Mre  and antigen-binding site. This region consists of a dimer of one heavy chain and one light chain
variable domain in tight, non-covalent association. It is in this configuration that the three
hypervariable regions of each variable domain interact to define an antigen-binding site on the
surface of the Vy-Vi dimer. Collectively, the six hypervariable regions confer antigen-binding
specificity to the antibody. However, even a single variable domain (or half of an Fv comprising
only three hypervariable regions specific for an antigen) has the ability to recognize and bind

antigen, although at a lower affinity than the entire binding site.

[0116] The Fab fragment also contains the constant domain of the light chain and the first
constant domain (CH1) of the heavy chain. Fab’ fragments differ from Fab fragments by the
addition of a few residues at the carboxy terminus of the heavy chain CH1 domain including one
or more cysteines from the antibody hinge region. Fab'-SH is the designation herein for Fab' in
which the cysteine residue(s) of the constant domains bear at least one free thiol group. F(ab'),
antibody fragments originally were produced as pairs of Fab' fragments that have hinge cysteines

between them. Other chemical couplings of antibody fragments are also known.
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hi ghly conserved portions of variable domains are called the framework
regions (FRs). The variable donains of native heavy and |ight chains each
conpri se WOUP10AR3387| ar gel y adopting a b- sheet confi gur &Cirams20e0snséct ed by
t hree hypervariabl e regi ons, which form|oops connecting, and in sone cases
formng part of, the b-sheet structure. The hypervariable regions in each

chai n gpgrAel Tlhet QQRT dhaInst & efﬁh@&ﬁesmﬂ%hﬁ@gﬁ%uﬁﬂs)tﬁ%ﬁl dgSveABate Whdcles th€be

hypervari abl e regions fromthe other chain, contribute to the formati on of

t he antasgérn:dtw Aa ofgweictearlp flisapat e |Cé1éed{1@9@ (kb lagbdah), bagdqudbrasinef
Pr ot ei ng; Qf. %4%%%1%@0% At%l%ﬁﬁ@ 5th Ed. Public Health Service, National

I nstitutes hesda (1991)). The constant domains are not

| nvol Vﬁrﬁ ﬁ&%ﬁ]ﬁ&ﬂe%dfn@ ORIH%CQHQEO 98?%1 %Lé&%%hhte%?ﬁ‘é?%n?%ﬂlgﬁ )%Hfhﬁﬁyvg&%& vari ous

ef f ect I'ons, “such as par pation o e an
dependentib@kidslcah be asighod oxdiltertyt ((AREherd &8 Ti4¢ rria;aapa]assed p@sti ombadies:

anti bo S ide t| cal tigen-bindin r.a cal |l ed "Fab"
et s S e S e Tl SR A R TS i

f r agmenisotypbyses. Niate, rge}le, @c}mgms I@Qiahd 19AX. The hitsy ahdih Zensta@bdivhains (R@psi n
treatnment yields an 2 fragnment that has two antigen-bi nd| nﬁ S|tes and
is sti |qorrE%Pﬁa%IOeth%)fhf%Fea&%Ia%SFw&aﬁab%fﬁa@fewﬂefﬂ B1% 517 aini/u, TEPeetgYmlAF mu

ant i bodyibddie@ieRtes lh@thr&andhdshaPe PRl 868 AQITIER cra%QmMm&@gﬁeﬂlns
antigen-binding site. This region consists of a dimer of one heavy chain

and oner¢ Wglhkn@tmi n variabl e domain in tight, non coval ent association. It
is inthis configuration that the three hypervariable regions of each
vari abl[81Hdmainglatkaimby” erdsdef pnébody ragmengeerniridihegV isindeViotpmdins ofur f ace

of the }{EF N glh&:girn “th. I@?dhlﬁ?ﬁlé %{% Ip qﬁeﬁt fig Tas §1 gla ?XRIIEERA@E Icﬁleml 8&n rsgrgé Qlﬂﬁocﬁrﬁgﬁtg r

anti gen- ing specifici , even

vari abltke Emp@gpep(lge fuht&bﬂconfpnaafs d:polympﬁ]d lskﬁgaleu?d:eyl tdegendeémmans:j tagﬂ ed
regi ons _specifi or. a as e.abili 0 recogni.ze. an in

et gern By houg o b iSRS granu v, i LSRRG S S e {0116
The Fa@1ﬁdkamﬂamvhapmaﬂb@ o}wdrﬂaezoﬁ&zmtnamzemmalm Rbsdnbérelah@Mooehas) and
the first. constant dopmin of the heavy chain. Fab' fragnents differ

from Faﬁi’rmg%{gYFé]ﬁ‘ﬁsNT)‘VYtOH"epad?(Wtzllérﬁl?% -a few resi dues at the carboxy

term nus of the heavy chain CH domain including one or nore cysteines from
t he antlPBMy hisigen réeghodics” ks ogmallantibpdy degmghia i AWA apiégen-bisking=atss. i n
whi ch t\ﬂﬁclpﬁf%ﬁén&ecohﬁoﬁ%éjyﬁéa%%’ c®fin VARLERAUSRLANY § PORA8d REAR 1R Ehdif dsTabRNE

free thiol group. F(ab')2 antibody fragnents originally Were produced as
pai rs cfonRabVi) mabhaeamespol yraptideanheiniiVng &6 Bt usingedinbet thetan toplsbont toG keer

chem Caﬂalrfh L\f/t‘%g Ehecavo?lﬂfnlafﬁggx lIe S Qg 1§ tﬁg (?on?z!n?s aré(ﬂ)?&%rt B‘gnl\% th H&e '1ight

chai ns m"runog ob fromany ver e specles can be
assi gnednipenenerpdonhains c@flaeathérwhdmsahd nﬁ:tatettwpest;gen@hﬂdmg d@ppaa{oddjes ared | anbda

(), badsegc%bgcﬁ] rrforr]eefuﬁy 1nn?0r%():(!cu91p1§ e]?ﬁ’?é‘f (?9S/ WO b?/? {61 (?Ip}lgecrigtnq ?’roc Natl.

Acad. Sci. USA, 90:6444-6448 (1993).

[0121] The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising the
population are identical and/or bind the same epitope, except for possible variants that may arise
during production of the monoclonal antibody, such variants generally being present in minor
amounts. In contrast to polyclonal antibody preparations that typically include different
antibodies directed against different determinants (epitopes), each monoclonal antibody is
directed against a single determinant on the antigen. In addition to their specificity, the
monoclonal antibodies are advantageous in that they are uncontaminated by other
immunoglobulins. The modifier "monoclonal” indicates the character of the antibody as being

obtained from a substantially homogeneous population of antibodies, and is not to be construed as
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[0118] Depending on the am no acid sequence of the constant domain of their
heavy chai ns, anti bodi es can be assigned to different classes. There are
five maj owochessess7of i ntact antibodies: |1gA 19D, |gE, PCg@®S2&m0511M and
several of these may be further divided into subclasses (isotypes), e.g.,
lgd, 1g&, 1gG3, 1gHA, I1gA and IgA2 The heavy chain constant domains

that CcQeqBSRONEdE@oh Bfﬂthﬁl hdiRie B% §§§ar91f1et1%81'€ 'F&Cb%ﬁﬁleaﬂh@ nfoabdigghia, d, e,
g, and m respectively. The Subuni structures and t hree-di nensi onal

conf i gunEbedinsdo b ugtdfin agcerkanes aigsids pessernt mygpay Baubd madedydhejayhridpmawn.
[0119] me%h&pﬂfl& d‘e@&gﬁggy KoRfer SN maptztsm%lb&@gmafb&m&r f@c&lﬁm@éﬁ and

VL domai ns of anti erein these domai ns are present a single
poIypeﬂ@Ndemﬁhabnkwlags@h@Paﬁbmﬁlﬁéh@éﬁﬂfﬂ@ Evmpdbmp@mMKﬁsmemyhbwbe

haPL ATy PoRERL i Bods s RS R DB 1R by RN edgy e B0 b of

scFv ses2fbiicektvan) and Mhves Bhar maeqal By, m.ﬂﬂﬂ)rﬁoal(m@ab fdkrﬁxaﬂﬁplrm es, vol. 113,
Rosenburg and Moore eds., Springer- Verlag, New York, pp. 269-315 (1994).

[0120] [ohe]t ETliiH moehRadl Bsbodief lRfsn scBirally inalntd Radyerfer agimaies Wi th two
antlgen bi ndi sites, which fra ment s cogrrlse a heavy chain variable
domai n (YN Hpy &ywhish g PPfU@HtO girdreavnaafion el chaifds lﬁer(twl)wsﬂhort he sane

poly pemomd)@og%h@sor&oﬁrydﬂondlyggequ&eeyﬁﬂ dﬂgb&hés' dekeda thatk phﬁlcmgpsp%&@g & to allow
pairing between the two domains on the same chain, the donains are forced

to pair emngmgtt%@p@@ﬁt}ia@mﬁh@@r(yasaeh%ibﬁlgsswhé%@? M@ﬁaledffapﬁthaﬁmm@(ﬁ)elat e two

Ep a0a. B9 TP h e ARG ER I, SRBGIL O R ! Myl TR
90: 6444p6dddr(bEOsGNg to[@gtm] anﬂbedy dasmof s, onakll anfrigmodyd'ofasclused her ei n
0

oo e RGO R, (AT BB RBALRART (B S LU ¢ ne

popul atMoriséd & dl. dBchl Nal. Aandllsor. USMO@I 68‘5& G8530%1 983))f Opgnerie xaeilick of possi bl e
vari ants thﬂjé_1r r|§e during prqﬂuctlon of the nogl onal ntlbody, such
var i ant'8egrahsrn g uﬂe. PSP HE WISty aHe dqppig ghfgendin
pol ycl ap@lenditdeRAd rdh 8 RBH- ﬁﬁﬂnﬁm?nﬁlﬁt@ke 2300 Qi%rlcVMbﬁlngﬁ%h & lﬁefb%()@ @Eesus or

S

anti bodi es directed agai nst different determ nant epltopes; each
monoc| cwamalgys Heekey) anddiumag cerptangegipascgreasaigle PaeNermBaitt)-on t he
antigen. In addition to their specificity, the nonoclonal antibodies are

advant dgb@ls ithmpgninedt feps afeondnwent(asi Aariee) dpiibetidserc himemoyitiobdirs el The
modi fi &f,, Mﬁ%ﬁ@gi uendd r&%h@?ot ﬁﬁmtn'af? nGfg AGhEo PJbuflpq?o?&telntP(%g @S being
obtalneg ? F

roma substanti al onpbgeneous popul ation of antibodies, and is
not tolmmmnan$mnmedma$réqmmmum@umﬁmﬂmhns@ﬂmﬂﬁnwnmmadMDmb@d@nbymamfnmla
partic nocl onal .anti.bodi es i

s R R s R e R g G
non-human species (donor antibody) such as mouse, rat, rabbit or nonhuman primate having the
desired specificity, affinity, and capacity. In some instances, framework region (FR) residues of
the human immunoglobulin are replaced by corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues that are not found in the recipient antibody or in the
donor antibody. These modifications are made to further refine antibody performance. In general,
the humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervariable loops correspond to those of a non-
human immunoglobulin and all or substantially all of the FRs are those of a human
immunoglobulin sequence, except for IR substitution(s) as noted above. The humanized antibody
optionally also will comprise at least a portion of an immunoglobulin constant region, typically
that of a human immunoglobulin. For further details, see Jones et al., Nature 321:522-525 (1986);
Riechmann ez al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596
(1992).
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met hod first described by Kohler et al, Nature, 256:495 (1975), or may be
made by reconbi nant DNA net hods {see, e.g., U S. Patent No. 4,816,567). The
"monocl| oD 2a1i3Bssdi es” may al so be isol ated from phagePamtusR@dps11sbr ari es
usi ng the techni ques described in Cackson et al, Nature, 352:624-628
(1991) and Marks et al, J. Mdl. Biol, 222:581-597 (1991), for exanple.

[0122] d[ifi‘ﬁl] nopRCkAR el p@flffahm&ife%ﬁ)nh%@ﬁ Dscd Ml fefe doXhd HghH 984 r&RIuBREl C”
ant i bodi es (i mmunogl obuI i ns) whi ch a portion of the heavy and/or |ight

chai n i3 apglqdyites arogespRngple rﬁ@frmrlmg)du@dmga Tde hyresyrsiablic iggieeepuienitsessaniino
tib ti cul
anti O&llci%isregﬁﬁe's Yeth ‘ch f’enféﬂ ﬁ%ﬁf&éﬁﬁuﬁﬂiﬁgﬁa dg{ éoﬁl@%g C idu@s fa) p@gp)cu ar

anti body class or sub al n(
i dent i (ﬁ)FS@ﬁlﬂhar@rS%Qﬁn@Bbgnhshgm cbon vesgpoéndhinngn selqledfc@d ). 30-Enti2h el s

derive r ot er eci es bel opgi ng. t.0 .anot her nt| bo y class or
cubel ac92 B R RGLy PREEHER R asPRLdRIL R o SEIGL S a6 PREE Thoy exni bi t
t he degmiemlolbgiehgiceal, Sackd. Publyc K&Alb.SeRatee Natidval Ir141;1tﬁﬂe§ obBAZilthVBetheésslan et al
Proc. d. SclL USA, 81:6851-6855 ( 4 ri

i nter eﬁl\%h@%fﬁal?%q E%P@ m%ﬁﬁ&?ﬁﬂfﬁéﬁpe&mﬂ%}gﬁﬁ?@ (&8 ?5 Sﬁ@@éﬁbgb ggdomal n

ant i geni by ﬁﬁlmwﬁ(ﬁgyﬁﬂﬁ@ﬁ i 8RdiY @8hiableQPnfiMaa- 2%“3@9(@11 r%r%t(ﬁz ghd6-@1d Vorl d
Monkey, such as baboon, ghesus or cynonol gus m)nk human const ant

regi on @éb%hféb@vye}gnp&%ﬂ% dogragy §’hpigy and| 119é]M01 ﬁﬁﬁ?@gQilL9¥7o(rlﬁ§7)bf _
non- humgp, (& Jic or MR REM &L RO 1a§1'é%0ﬁlgfnrf§§i(!l s@ﬁl&f Redines %é}@&naﬁf%“t ain

m ni mal sequence d erlve%1 ?srom non uman |rrrrunogLﬁo bul'in. For the nost part,
hunmani zegomnisidbesdisdsrear &finedran i mmunogl obul i ns (reci pi ent anti body) in

whi ch residues froma hypervariabl e region of the recipient are replaced by
resi dud8135 om\anaiy:penuﬂwdiyatslae ane‘lgjdgmasdferain ddmefurains speonjegatédionor
n pri mate having the desired

IR qu?ef@ogogfﬁ%@cyt} Siigh 4 %9688?‘&09“‘“? | K DR P me & ek T eqton
FR
AR 53 e R S R ﬁ%ﬁﬁ%’n@@ﬁ%ﬁf%ﬁﬁ%dﬁéﬁgﬁéw 3T B e s s

t hat areiun@hafqURINTXANBEMASIIHHR®)A0LS. 5ady, 187); iba ytthiemdonokbart 2Bady .
These nodifications are nade to further refine anti bod erfornmance. In

gener alMungenibodyitiesigeptedy Y Pdyr wid FlFquﬁ?rﬁi%t%lﬁ%@‘éﬁdhé 15Pnapgreighy at | east

one, angdafiabhi €&h hayogtemdecvl%e | @l &1 4y BIcNS7. I8k a@isbﬁtad% h Apfc@ uhgtantially all
of the hypervariabl'e | oops corres ond to those of a nonhunan i mrunogl obul i n

and al lacegssigypattHntli388 Py Juie|220F998 henrRs I%}%ﬂ ‘Hoesdsagfalled Alpsiwmpmeinogl obul i n
Sequenc ?101% Efz?&e ]I;@&zlt?RIIStH%?:}e'r&t&'[ﬂeaﬁ‘é filp 13'% n%ﬁﬁlg I?ﬁ%ﬁmm—% hHﬁ[ﬁ)%%“

ant i bod opt ona ise at least a portion o
[ rmunogB@MARFM()ommamallyegautahl,e ftqrquolaXd (sed hav, af., @Shﬁ;ﬁ%nlﬁrmmmgﬂ obul i n.

AL IENE Tl P T e T

2: 593- 58@uding “framework patched” or humanized 1F5 (e.g., WO 2003/002607, Leung, S.; ATCC
deposit HB-96450); murine 2H7 and chimeric 2H7 antibody (e.g., U.S. 5,677,180); a 2H7
antibody (e.g., WO 2004/056312 (Lowman et al.) and as set forth below); HUMAX-CD20™
(ofatumumab) fully human, high-affinity antibody targeted at the CD20 molecule in the cell
membrane of B-cells (Genmab, Denmark; see, for example, Glennie and van de Winkel, Drug
Discovery Today 8: 503-510 (2003) and Cragg et al., Blood 101: 1045-1052 (2003)); the human
monoclonal antibodies set forth in WO 2004/035607 and WO 2005/103081 (Teeling et al.,
GenMab/Medarex); the antibodies having complex N-glycoside-linked sugar chains bound to the
Fc region described in US 2004/0093621 (Shitara et al.); a chimerized or humanized monoclonal
antibody having a high binding affinity to an extracellular epitope of a CD20 antigen described in
WO 2006/106959 (Numazaki et al., Biomedics Inc.); monoclonal antibodies and antigen-binding
fragments binding to CD20 (e.g., WO 2005/000901, Tedder et al.) such as HB20-3, HB20-4,
HB20-25, and MB20-11; single-chain proteins binding to CD20 including, but not limited to,
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(1992).[0124] The term "hypervariabl e regi on" when used herein refers to
the am no acid residues of an anti body that are responsible for antigen
bi ndi ng. Wbeotwgs3aisvari abl e regi on conprises amno aci d PETITHa@9/0§T1I6M a
"conplementarity determ ning region” or "CDR' (e.g. residues 24-34 (LIl),
50-56 (L2) and 89-97 (L3) in the light chain variable domain and 31-35

(H), S&ki6p15 Y., 89d0e01869% (et Padd@ayieRYYakhd),uyari abl e domai n; Kabat

et al, Sequences of Proteins of |munol ogical I nterest, 5th Ed. Publlc

Heal t h 2@@5/02(&,?@34 KAwyidgmdkdhotist andiedbetiss); HERDPH)2(362H Hdayden- Wbe(tqr%i)) and/ or

t hose ry€ LI 50-52

(12 ard B HER U DB A ERTdeER aPhS: S PR0n O s [ EhEeering (]

53-55 Gk@bdanﬁ—D@bmﬁI%@mmmmbnCDHébhéa@ymﬂhaknsw@m&&bL@Mmbwnﬂmﬁ Chothla and

Lesk / Bi ol §01- (19 e dues are

Fhose VTS R0 T T HUBEISRer P hb ot HEMRDH B YT ToRffIB4EPSn T ost dues

sz her gzons@eiﬂmechnd[mwo%165§k(ematmmﬁ blBdWpplicsl Mﬁlealﬂﬁn botlyiogdac.heiki n
efine ated to a he s ml ecul e a

cyt ot oxlf“‘ca% 18{2@ alaffmfhgw}&ﬁi”s@wtatma%ﬁet %k%n%r gangye. @gpr%{l%/@%n@ﬁlamo
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embodiments,the anti-CD20 antibodies herein are chimeric, humanized, or human anti-CD20
antibodies, more preferably rituximab, a 2H7 antibody, chimeric or humanized A20 antibody

(Immunomedics), and HUMAX-CD20™ human anti-CD20 antibody (Genmab).

[0127] The terms “Rituximab” or “RITUXAN®” herein refer to the genetically engineered
chimeric murine/human monoclonal antibody directed against the CD20 antigen and designated
“C2B8" in US Patent No. 5,736,137, including fragments thereof that retain the ability to bind

CD20. Rituximab is commercially available from Genentech.

[0128] Purely for the purposes herein and unless indicated otherwise, “humanized 2H7" refers
to a humanized antibody that binds human CD20, or an antigen-binding fragment thereof,
wherein the antibody is effective to deplete primate B cells in vivo, the antibody comprising in the
H chain variable region (Vg) thereof at least a CDR H3 sequence of SEQ ID NO:12 (Fig. 1B)
from an anti-human CD20 antibody and substantially the human consensus framework (FR)

residues of the human heavy- chain subgroup III (VglII). In some embodiments, this antibody
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et al, In; Leukoc te Typing Il (MM chael, Ed . 440, Oxford University
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rituximab, 2H7 ant| body, | meric or hurran/l zed A20 antib
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[0127] e I ( e (I;ty
genet | CAMTpec s TR soPlinn EAN Sl v SOPEURNCEh SEs bARIdusosic oy
agai nsteruhe CD20 anti gen and designated "C2B8" in US Patent No 5,736, 137,
including fragnents thereof that retain the ability to bind CD20. R tuxi mab
i s comiai2d]al The @wal OablimanfabbherGanehisec the i8]y Rigirekiyed homatilhel pur poses

herein rggn%cfégltleet%tslbécfg/ddir%g%g gga?rgspt%r \@DZ% antlge%nﬁglcgr%gnszlrll_g(a) a?l];gﬁrc ain
comprising the amino acid sequence of SEQ ID NO: 13 and (b) a heavy chain comprising the
amino acid sequence of SEQ ID NO:14, including fragments thereof that retain the ability to bind

CD20. Ocrelizumab is available from Genentech.

[0130] An "isolated" antibody is one that has been identified and separated and/or recovered
from a component of its natural environment. Contaminant components of its natural
environment are materials that would interfere with diagnostic or therapeutic uses for the
antibody, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous
solutes. In some embodiments, the antibody will be purified (1) to greater than 95% by weight of
antibody as determined by the Lowry method, and in some embodiments, more than 99% by
weight, (2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino
acid sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under

reducing or nonreducing conditions using Coomassie blue or, in some embodiments, silver stain.
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"Cecrelizumab” herein refers to the genetically engi neered humani zed
monoc| seProspinildBey (il eed/edMaderion Byt plevaspboutpariitgdy oaRdcl invpk) drise (a) a
9Nt GOR SQTRY) T AftEa @R of Bl SRR GG RirAnFER AR Qv AN (D) 2
heavy chain conprising the amno acid sequence o EQ ID NGO 14) i ncl uding
f ragmenadvidhdredioutMat retain the ability to bind CD20. Ccrelizumab is
avai l abl e from Genentech. [0130] An "isolated" antibody is one that has
been i dehi2]f i dsluddieseparatechtandtoatinge comepphatlr Dnpblaiporgondntalof its
natur alde%?e\al e g?n%}ddin%c%%%m rgsq'lrft%. or %Br%r(])seerg%% th?s]c inlvén iorrll,q)telf{éf?clial or desired

clinical results include, but are not limited to, one or more of the following: decreasing one or

more symptoms resulting from the disease, diminishing the extent of the disease, stabilizing the

disease (e.g., preventing or delaying the worsening of the disease), delay or slowing the

progression of the disease, ameliorating the disease state, decreasing the dose of one or more

other medications required to treat the disease, and/or increasing the quality of life.

[0133] As used herein, "delaying” the progression of multiple sclerosis means to defer, hinder,
slow, retard, stabilize, and/or postpone development of the disease. This delay can be of varying

lengths of time, depending on the history of the disease and/or individual being treated.

[0134] As used herein, "at the time of starting treatment” refers to the time period at or prior to
the first exposure to a multiple sclerosis drug, such as an anti-CD20 antibody. In some
embodiments, “at the time of starting treatment” is about any of one year, nine months, six

months, three months, second months, or one month prior to a multiple sclerosis drug, such as an
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used herein, "treatnent" or "treating" is an approach for obtaining

benef i cit@butsd tgdisicab@lapessul ts i ncl uding clinical results. For purposes of
this invention, beneficial or desired clinical results include, but are not
i mit ed0139] offisingry piseessive mukiplesleswisn gt “IIY elasharectomed by agmdealsy npt onrs
result

StabI|IZ E&Q) g%;%%%%% ?@u??ﬂ%?%@%%@?ﬁ%ﬁﬁP&%Hﬁﬁ%mﬁimﬁﬁ%n&%?%%%?%g of the
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di seas Sv&ké P Méj Gt fsolrrp ﬁRMgean%%%?/ISO fn BAGn isr{%gigally in the late thirties or early
forties, men are as likely women to develop it, and initial disease activity is often in the spinal
cord and not in the brain. PPMS often migrates into the brain, but is less likely to damage brain
areas than RRMS or SPMS. For example, people with PPMS are less likely to develop cognitive
problems than those with RRMS or SPMS. PPMS is the sub-type of MS that is least likely to
show inflammatory (gadolinium enhancing) lesions on MRI scans. The Primary Progressive form
of the disease affects between 10 and 15% of all people with multiple sclerosis. PPMS may be
defined according to the criteria in McDonald et al. Ann Neurol 50:121-7 (2001). The subject
with PPMS treated herein is usually one with probable or definitive diagnosis of PPMS.

[0140] “Relapsing-remitting multiple sclerosis” or “RRMS” is characterized by relapses (also
known as exacerbations) during which time new symptoms can appear and old ones resurface or

worsen. The relapses are followed by periods of remission, during which time the person fully or
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90%. SPMS tends to be associated with lower levels of inflammatory lesion formation than in

RRMS but the total burden of disease continues to progress. At any one time, SPMS accounts

around 30% of all people with multiple sclerosis.

[0142] “Progressive relapsing multiple sclerosis” refers to “PRMS” is characterized by a
steady progression of clinical neurological damage with superimposed relapses and remissions.
There is significant recovery immediately following a relapse but between relapses there is a
gradual worsening of symptoms. PRMS affects around 5% of all people with multiple sclerosis.

Some neurologists believe PRMS is a variant of PPMS.

[0143] The expression “effective amount” refers to an amount of the antibody (or other drug)
that is effective for ameliorating or treating the multiple sclerosis. Such an effective amount will
generally result in an improvement in the signs, symptoms or other indicators of MS, such as

reducing relapse rate, preventing disability, reducing number and/or volume of brain MRI lesions,
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exacer 81449 nsjAndibeilnerpaptire hrefarnte cartactsyifpirgnBosgeerio dppatbodyrigran th wnes
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o o | £Se G Op BN AN iPLL e g or oot ip By S B SRR TR i
i s typiteadih.y when they are in their twenties or thirties, though di agnoses
much earlier or later are known. Tw ce as nmany wonen as nen present with

thi's syptdsyperef eMp! infainoRGpFcRtidPSRE:" AU SddinreiBfop bALRE teyHyirererliat i ng
sheath around the nerve fibers (neurons) in the white natter regi ons of the
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the bodp;Sw o il K REbsENSLGM sTiHrsss CRURIRS pRIMER, YAI-Rb¥laRfor Q@I}ﬁ&é Qgf cal
synptons that vary consi derabl y dependi ng on whi ch areas of the CNS are

damagedntigemredicatien. yr afslethe Y1He hatfrses. Hxhapkenl samhmge@tsymrl@@p%m@wﬁ @gl-down
d £ ql I t
and a Sﬂaﬁlcf)lst{fulteﬁ¥r9_|1%%ﬁ211n439 (Je@‘IU § eﬂa é\!s \‘,‘\%Ef gﬁ\lsl%c%&t%}m(?aﬁjlargtpsngl \lngﬁago?{z %gy e)

sponsors re proce d the
axon mei SlAéDs)egemcrckdqr lat:roillmuB Jalgor@tiyedld sma]n amrthsh)abr aldstehbener @sponsi bl e for

t he rem S|on I‘OXI 50% of ients th RRMS.convert to SPMS
et Bty BRAGRTRS § o Ry e PR ingR 5 s i PR LA Ses to 0%
AL any lei@tricnBRece tbeant:RoaRS phignd BRagbhis® gudhak ivhiopiie dingRasiRnalaakeTS
around 55% of all people with NM5. [0141] "Secondary dgrogresa ve mul ti pI e

scl er odMMF bﬁlky]gmag%s seﬁa%rsmléph%ltﬂnw rURCEHINEB WS SRBWIST ¢l i ni cal

neur ol Q@i Galde GRicWintdkQhe MH@ QMgeﬁéJ Q@Hés@ﬂ?&%@ﬁ Ur§lpap %54 2049 QK-
rem ssions an E at eaux. People develop S wi | have previously
P

exper i efiebaricsanyeediesdonMHRRNES 2ok a@ﬁ Mﬂ? fwaméntsag?b@poamﬁ tiergds sushit wo t o
forty vy ns there are,
tond t S e TR AP B R R R REhE S o eosi v
phase oﬁethﬁpredlnlscéam:eandﬂesambthmoye slilgrdt goladredveianginhibahrsquehcdsencthdigrate t  di d

i vp dUa & R by TR BE BTG B s e iR WP RSP o opea
SPMS.  Bycepbor hﬁla@ﬁllsjﬁaélﬁdmg aad-idiérglisealphd, Fbdka ve-daind@mnntiBodYantiSkiMor t ends t o
be asson%icra(')tsg actor alphla?l\rll\g‘tl)‘odge%\a%lfl?xnggb (I)ranlal?imlﬁgb rglntil—rﬁ\sli —Oﬂ)h]; ?rgrrglﬁﬁ(; Qsirtl han in
(etanercept), anti-tumor necrosis factor-beta antibodies, anti-interleukin-2 antibodies and anti-II.-
2 receptor antibodies; anti-ILFA-1 antibodies, including anti-CD11a and anti-CD18 antibodies;
anti-1.3T4 antibodies; heterologous anti-lymphocyte globulin; pan-T antibodies, preferably anti-
CD3 or anti-CD4/CD4a antibodies; soluble peptide containing a LFA-3 binding domain (WO
90/08187 published 7/26/90); streptokinase; TGF-beta; streptodornase; RNA or DNA from the
host; FK506; RS-61443; deoxyspergualin; rapamycin; T-cell receptor (Cohen et al., U.S. Pat. No.
5,114,721); T-cell receptor fragments (Offner et al., Science, 251: 430-432 (1991); WO
90/11294; Ianeway, Nature, 341: 482 (1989); and WO 91/01133); and T cell receptor antibodies

(EP 340,109) such as T10B9.

[0146] The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents

the function of cells and/or causes destruction of cells. The term is intended to include radioactive
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RRVS but the total burden of disease continues to progress. At any one
time, SPMS accounts around 30% of all people with nultiple sclerosis.
[0142] "Pwognw#ssase rel apsing multiple sclerosis" refer#CTAUS20RB151 s
characterized by a steady progression of clinical neurological danage with
superinposed rel apses and rem ssions. There is significant recovery
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doses dBthyipatlamags Bylding aljestanpige.dricthylpremetanyipe ictylensphaspperamidte doses may

be gi vefediyl@B@idphSHhSamite afnliX%etﬁ%lolohfe%ﬁh@%cétbé@m‘s f@és?éé{zﬁi ugyﬁ&ntaﬁﬁ S
period of éxposure. Initial and second antib
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adj unct erapy re ers stances’ that act to sup ess or
|nnune<$m3mﬁwvm$theuhuywamubhymg1mn@a®p®phﬁme&mddmhmm,wgwmmnmmclude

substa .ess to od ul ate or suppress

ol T antro B eThs SEBRHS TRyt ST R0 R TR R B RSB R agent s

i ncl Ud&a&n@my[}@slﬁn@fsyaltm ﬁﬁsg&nsﬁustaﬂdsesdclpw dhmdrahhes, ﬂﬂ@lﬁaﬂhaﬁne Pat. No.

4,665, 0 nonst.eroi dal anti-i r dru s anciclovir,

tacr ol .Cﬁﬂﬁp ﬁPE%é%FW%@?SH%e 4 ﬁ it o %‘!ﬁ tgs %ﬁl@%m&ﬁt.
lnf'anﬂﬁhﬂkﬂbﬁ&@%&%ﬂﬁwﬁhuﬁ%mﬁmﬁ%CFQ@&Mﬁﬁ@aﬁﬁmhmﬁhﬂkt&Mbﬂamﬁbhk&ﬁ%ygenase
inhibitor, or a leukotriene receptor antagonist; purine antagonists such as

azat hi GPYSaies TOFOSHEEDPITE 3D FHMESIHST U7V folcankipe dpmuginggrintstinguand as
cycl Opf}ﬁlﬁ%%ngeanu@foﬂ@?&{cﬂ R {nP %nedgﬂ]g%@ﬂwnéé??%o '}thhgluﬂfcﬁf @%@8@1’ e ( V"h' ch
masks the anti gens descri uU. . 4,120,649);
ant i i dicaetighghwicanganipodil esd ¢ai1|ch¢m®mnmegfdhsseamg Mr@efwr @@em 6 Edckidlosporin A
st eroi rticost.ero UGOLOrt | oster0| | ucocorticoid
anal ogs v2a 15 (1B SRR 0ol O Sh PR, oo
di hydr akpdratiein: aﬂweﬂl %Iﬁzobmhh@ititmrdhr(ﬁmqihoﬁ&nm;hﬁl tlexab@olcar @aledighe
subcutaneousg dr cIorqu|ne sul f asal.azi ne; Ieflunonldg' c¥tokine or
cyt oki r?énloblo 1¢ chr mop 0 es), aclaclnomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMYCIN® doxorubicin (including
morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and
deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as
mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic acid
analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs such as
fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as ancitabine,
azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine,

floxuridine; androgens such as calusterone, dromostanolone propionate, epitiostanol,

mepitiostane, testolactone; anti- adrenals such as aminoglutethimide, mitotane, trilostane; folic
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receptor antagonists including anti-interferon-al pha, -beta, or -ganmma
anti bodi es, anti-tunor necrosis factor-al pha anti bodies (infliximb or

adal i mumeNsP,20em3Bs8TNF- al pha | nmunoahesi n (et anercept), ROTIGSRAIOS7I8ECT OSi S
factor-beta anti bodi es, anti-interleukin-2 antibodies and anti-IL- 2
receptor antibodies; anti-LFA-1 antibodies, including anti-CDla and
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( Cohen hatlrcayred). 181t1nﬁlatlomdiiomn6, rlliyzﬂqn?lml)dﬁ SIEh(ae Imayaegepandranfanggeent s (O f ner

et ah, d%glen 1: 430- 432dg ﬁ é e\ hbture 341:

482 (1 ‘3g“aze?H8 G Pey ety lﬁ‘a%r&er P‘:’rn 19 ﬁPb?heﬁ?ﬁ‘e b%%““é%“t’EP 340, 109)
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CYTOXA y ﬁ m.de; sul f onat es Cc
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syntheti c_anal ogue topot ecan) bryostati n; %/st atin; CC- 1065 gl ncl udi ng

its addduingsy AoPesiteAN Pk ilostnigy; 2@I?Oé§IFtFPn§y‘ﬁt1%¥§ ing NARGEIoRINEY vinorelbine;

Crypt ORGP (taﬂﬁéshcfe%@a%yat@ rdm{o%iaxlc bfinbp @AM, iRt ﬂBE&QM&da& @PT PlO' astatin;
duocarnycin (including the syntheti’c anal oques, KW 2189 and CBI - ),

el eut hdrphiomergya inditator BE&LDE0; datlls)am@m[ybnyihme @Mﬂ@ settlamdﬁ suchiap re@gen
mist ar da%{ds geg)%m 1n%hiln%rpglg}?1!il et!lt}_fﬁlgf g‘[ﬁ@ g snaecidﬁ OIP ﬁl:r?\ﬁaﬂ%s 0'}%%&( ?Igtge

estramus osfam am ne

hydr ochdbovd.de, mel phal an, novenbi Chl n, phenest erine, predninustine,
trof osfam de, uracil nustard; nitrosureas such as carmnustine,

chl or 0014831 nAlsh dictrdes firi this, delinitius bicra@ii-hoimarst ageals tendcenarigmatesdriintelit

anti biqtics such as the enediyne antibio ., calicheanjcin,

capeci AT Eh BTG ANT<<GREETS AR L SHAESHEGANT BB, g.

Agnew, (ShRMs),Ridludifd forlER@hple, @Roxifen (including NOLVADEX® tamoxifen), raloxifene,
droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, .Y 117018, onapristone, and
FARESTON toremifene; aromatase inhibitors that inhibit the enzyme aromatase, which regulates
estrogen production in the adrenal glands, such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE® megestrol acetate, AROMASIN® exemestane, formestanie,
fadrozole, RIVISOR® vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole; and anti-
androgens such as flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); antisense oligonucleotides,
particularly those that inhibit expression of genes in signaling pathways implicated in abherant
cell proliferation, such as, for example, PKC-alpha, Ralf and H-Ras; vaccines such as gene

therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID®

37



183-186 (1994)); dynem cin, including dynem cin A; bisphosphonates, such as
cl odronate; an esperamcin; as well as neocarzinostatin chronophore and
rel at ed chocry3sIsei N enedi yne anti obi oti ¢ chr onmophor esPCTASR@QIONORYSI NS,
actinonycin, authranycin, azaserine, bleonycins, cactinonycin, carabicin,
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el f or nil0H0e; Tl kinpthaninar”aclersde eolypeptidp bemionen ehictapgganeially segadied ym

"L at el QO R o ROLINAN N ABL0NGE, IRYEAOSLOR U3 SHENAS.

may tansi ne and cansam
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Rat ur aloER G EHLy B AR o R RAS RGPy LB e P BT Py s eoPRL

spi rog &foﬁﬁ&ldﬂ @mchtafs‘ Mo1E210 BiituldGh Khorbh@@SYY OB roid stimulating hormone (TSH), and
2,2",2"-trichlorotriethylamne; trichothecenes (especially T-2 toxin,

ver r acUpieRizang hasmppg ﬁer& RRHCh PlACER R JCLogen SIPUSH gomdﬁaelgpﬁéw%%?é@ﬁmdfn ne;

”annonuﬁ&bﬂemmﬁhiQBhgﬂhlﬁhmnﬂ%%Q&ﬁﬁ&kadHﬁ&@ﬁ&%ﬂﬁﬁ AQ@&M%Qéhﬁﬁmtéﬁﬁb'nos'de
("Ara-C"); cycl (gaosphanlde hi ot epa; taxoids, e.g pacl it axe

( Bri st dlormpedpeludypr ipinohesngigyal sanri:%@étfr@m remn':)manABiﬂalA%&NE(@ﬁri)lologwally
) em’p@%{wefp{ﬁ‘ﬁraleﬁ sRY e aﬁg éeﬂ&&%gﬂo ﬁdlgé S‘yﬁlf%h@&ﬂ@#b&ﬁe@i C' i taxel

(Ameri can Yarmaceut i ca artners, I Nol and XOTERE( 1)
doxetaxmﬂm@Rhnmmesﬁﬁumammmﬁmnaﬂya%mmdﬂydmﬁmaw39mdsdhhbﬂaﬂbu0|I GEMZAR( 1)
genti t abi ne; 6-thi oguani ne; mnercaptopurine; nethotrexate; platinun1analogs
such aq0t31gpl &id tarnahgowdr baptatfier;to vidtﬂmlhsahﬁtipm(ﬁnot@ eatwtin ] iretwlpofer de

O 10 byl S SSE R IR e bR eI g o

i bandr Qﬁﬁie%roxﬁﬂfadtd)rs such as NGF-B; platelet-derived growth factor; transforming growth factors
(TGFs) such as TGF-a and TGF-B; insulin-like growth factor-I and -II; erythropoietin (EPO);
osteoinductive factors; interferons such as interferon-a, -8, and -y; and colony stimulating factors
(CSFs) such as macrophage-CSF (M-CSF); granulocyte-macrophage-CSF (GM-CSF); and
granulocyte-CSF (G-CSF). As used herein, the term growth factor includes proteins from natural
sources or from recombinant cell culture and biologically active equivalents of the native
sequence growth factor, including synthetically produced small-molecule entities and

pharmaceutically acceptable derivatives and salts thereof.

[0152] The term "integrin" refers to a receptor protein that allows cells both to bind to and to
respond to the extracellular matrix and is involved in a variety of cellular functions such as

wound healing, cell differentiation, homing of tumor cells and apoptosis. They are part of a large
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t opoi sonerase inhibitor RFS 2000; difluoronetl hyl ornithine (DVFO);
retinoids such as retinoic acid; capecitabine; and pharmaceutically
accept ablwozalwes3ssaci ds or derivatives of any of the ab®C®E/USP@2A8]ISAl so
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such agogszye Eﬁeﬁlﬁayofv lﬁeaﬁt,a $fdts 6XAMBSBes’ &k&@éﬁ@lﬁ&é\mﬁmq%hmy
LEUVECTI N(r) vaccine, an %)(r)vaccr ne; PROLEUKIN(r) rlL-

LURTOT B@m\lqsrﬁfaluwp@biBﬁBTh‘é@@chmmblaﬂm ravaﬂABAmm X¢menterheRis,; alrémd integrin
phar mcegﬁ_ al l ?a?’%tnﬁa Yk%aAélﬁ@I) %92'11%%16%0&] EIO v fcfe Eﬁanqjha ma}éelﬂlcafs

above a[n erm "cyto S a generic &r m t'or pro erns rel eased
by one lael dhampuicammqmmh@et deaiehtiven (wmdﬂ)em%m)i p}ﬁﬁylla]ahlﬁé defitaular(Wiedi at or s.

uch’ a0 B ADRHARGS T g TR T RS e fhigic il ) 1%

1, I'L- dbdvatdves (WB;20834 0130 REGIHOSleSvfi6d @Voszggh7@1573TI}Janna5 a&mﬁe@vauaad
ot her po%g&gtr de factors including LIF and kit gand (KL). As used

her ei n,(W %%Wé)ytakkr%r%eaq@réfrrwa@%e%W& 24083267 @wrbattltureérpherw& AERLYEs from
reconbi @iy 6&)s! 6,614 éé@ra‘ﬁdg@% RE9! AghGal L%n@‘&&ﬂnya%vgso(gls\@t . §,380 20 native

sequence cytokines, “i'ncluding synthetically produ | - ol ecul '
entiti e@da\@’%Mhhmtegrmqmﬂ Pq}ymbémﬂéﬂﬂ()@ﬂ@%ﬂﬁ&x pvdodgnth dptlavketather eof .

[ 0150] Ptegré e@fﬁ%%g?@ azaebrldgecI ‘t():’lE}?chtc%mE)n la)ép etrllc\jgt?ves e u/(g)2¥@3%& are

gener al ar organs W ucts m)ng t he

A Tt A e L MU AL AT IS L1 O AP e

N net hi human or none, ovi ne IMONE; para yr oi d
hor mnone;NE- b}ph@mrolmeule cOnBipilidiy; theaminmswidr sBguehed @dest;nbpd o Bdnaxh @z al/gVWweegr ot ei n

nor monc 12704 I hamBit s ko bRaS LI prol i i n. i acent al | act ogen.
ouse g[8nad0t A O%Ier]? ﬁghsaolglln 1ttoerd hgrgll%tlls gn agent that inhibits, to some extent, a biological

function of TNF-alpha, generally through binding to TNF-alpha and neutralizing its activity.

Examples of TNF inhibitors specifically contemplated herein are Etanercept (ENBREL®),

Infliximab (REMICADE®) and Adalimumab (HUMIRA™),

[0156] Examples of “disease-modifying anti-rheumatic drugs” or “DMARDSs” include
hydroxycloroquine, sulfasalazine, methotrexate, leflunomide, etanercept, infliximab (plus oral
and subcutaneous methrotrexate), azathioprine, D-penicillamine, Gold (oral), Gold
(intramuscular), minocycline, cyclosporine, Staphylococcal protein A immunoadsorption,

including salts and derivatives thereof, etc.

[0157] Examples of “nonsteroidal anti-inflammatory drugs” or “NSAIDs” are acetylsalicylic
acid, ibuprofen, naproxen, indomethacin, sulindac, tolmetin, including salts and derivatives

thereof, etc.
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i nhi bin; activin; mullerian-inhibiting substance; and thronbopoietin. As
used herein, the term hornone includes proteins fromnatural sources or
from recowbiznemi33ssel | culture and biologically active edq@rusk@ans7’isf t he
nati ve sequence hornone, including synthetically produced snall nol ecul e
entities and pharmaceutically acceptable derivatives and salts thereof.
[0151] [61sB)t efOrti@sRMill fRSd Blany bEE 1 Svdrl PRALR! BSatubdly REQHRE SufagMsh, and
i nclude, for exanple, hepatic growth factof; fibroblast growth factor;
vascul arithethe gersed! iCbﬁmlgﬂéwwne@g plgroidstgt yrmigr ¢\op e dheflecs of heagtundiy- b:

pl at el ef.- I . 1 ( ch as
Tor o anarpt ALt IR of SRS QR ARy A R TRy
(EPO) ; (ostudoignuikylprednif@eteprdexamgth@piice gbnscostimonl @sl herettfagrmon-a, -b, and -g
; and colony stinulating factors (CSFs) such as nacrophage- CSF (M CSF) ;

gr anul d613%- nacpaphagiesddSks (SlVkGSkY to mpducgivaswsooputib- IGSkd{dGa CSRinercAd used
herein, the te romh factor incl.ud rootei ns fromnatural sources or
from r d8gHErH S EeraReRlC P R TSP rhouR e QLo VRiesr S St ¢ he
nati ve seguantion Poambinditamhglother tetapelititchrsduaishebe cahthisedowididihe @ackaged

smal | -nmol ecul e entitjes and pharnmaceutically acceptabl e derivatives and

sal ts tHefsbrnd/PoTDNeTHRICETa G thG Yie 9§ pYch thqr greBiGPIOducss, F6cept or protei n t hat
allows cells both to bind to and to respond to the extracellular matrix and
is i nvdP¥RA i A “leblads wed hesrinde rafen ta infpimtion syeorayith ingRdGd with cociciy, cel |
di ffer %Eka%Eé %haﬁ%ﬂﬁa%nﬁlﬂ%ns &Rl dBn AR - BRARLO hssvialg-g@ciy%aﬁkfgegﬁsrehspf a

| argefam |y of cell adhesion receptors that are involve

cel | - exas madeb bihenyperatipaskagimd- cel | -cel | interactions. Functional integrins
consi st of two transmenbrane gl ycoprotein subunits, called al pha and beta
t hat arl816ldn- Bdemheniv|"godygimndlucTh pamsiva heainumiludss &nld degraubes) yanaiononol ogy

to eac t her. do the beta subunits...The receptors al s cant ai R..one

i pha. O GRS st e S G R BRa Bl Re & REhRerar

Al pha7hisdlades dedefiplion &l 'pHia 4 integrin etc. As used herein, the termintegrin
i ncludes proteins fromnatural sources or fromreconbinant cell culture and
bi ol ogi[0Bdd]y ActdiedderifLlinddh eatapp@ided bleindathe ¥dgsaOWenc 'l kegfid Mihe'i Ncl udi ng
synt het.i cal | oduced smal |l -nol ecule entities and pharnaceutical |

accept dB‘Fl‘ééedé‘l“ig{/?gﬁir?}’é%u‘i??él theAopiext e@f%&fetat‘fsa&]sﬂgw%égw@ste?é RSB n

ant agonind & ari@fon@Ot hd AR kRN R BEDhdBialiMdRIca0odskAng LardMr HoBE¥isdICh as

Ef al i zumab (RAPTIVA(r)) commercially avail able from Genentech; an al pha 4

i nt egr issscartlddysrseie Anchsarigdenst i zumab (TYSABRI (r)) avail abl e from Bi ogen

| dee/ El an Pharmaceuticals, Inc.; diazacyclic phenyl al anine derivatives (WO
2003/ 894 1Mdythogsrpfyeatingst ne derivatives (WD 2003/ 70709, WD 2002/ 28830, WO
2002/ 16329 and WD 2003/ 53926); phenyl propionic acid derivatives (W

2003/ 14986} ; Ebrapriseat idéfrritivapwfsgs (MaDodooIAONT Bipgrepii spamlople selefogis in a

deriv atlj Léllrlgrg Céﬁ\ﬂqgrrll%?go %fn%&% éfﬁl}l % tepgthg ﬁeﬂ%'nf: anaecf%egti\qeee{nila{l%[ MV a%sangi%ﬁ)oa(l)l?l{) g’c%IS 75);

substit eriva

[0164] In some embodiments, the invention provides methods of treating progressive multiple
sclerosis in a patient comprising administering to the patient an effective amount of an anti-CD20
antibody, wherein treatment is based upon the patient having one or more characteristics selected
from the group consisting of (a) an age less than about 55 years, (b) one or more gadolinium
staining lesions, (c) at least about a one point increase in Expanded Disability Status Scale
(EDSS) over two years prior to starting treatment, and (d) a Multiple Sclerosis Severity Score

(MSSS) greater than about 5 points.

[0165] In some embodiments, the invention provides methods of treating progressive multiple
sclerosis in a patient provided that the patient has been found to have one or more characteristics
selected from the group consisting of (a) an age less than about 55 years, (b) one or more

gadolinium staining lesions, (c¢) at least about a one point increase in Expanded Disability Status
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(US Pat. Nos. 6,677,339 and 6, 348,463); aromatic am ne derivatives (US Pat.
No. 6, 369, 229); and ADAM di sintegrin donmai n pol ypeptide (US2002/0042368),
ant i bodi esote10i3pisavbet a3 integrin (EP 633945); aza-bri #geaskeoepsiisc am no
acid derivatives (WO 2002/ 02556) etc. [0154] For the purposes herein,
"tunor necrosis factor alpha (TNF-alpha)" refers to a human TNF-al pha

mol eculs%aréQEDSSﬁmgtv&dﬂfea@rprf&@t@s@arangsgﬁ%aﬁ@maﬁncﬂ@ﬁﬁIM e KBRS R Gt 53§t ai
Nature, 312:721 (1984) Aggarwal et al, JBC, 260:2345 (1985). [01

" TNF- alSshes (VHISSh 2reaier thﬁ@ﬁ'@quh ipgingnths grepmentepmrisiigBiministeringdo s R@R@rént a
bi ol ogi gakefMRCH AR &fa nEHE{%bBQE&M%%”erally t hrough binding to TNF- alpha
a

and neutr£i|2|ng Its activity. les of TNF inhibitors specifically

conte d rel . r

and ada O ne S Bl BB G5Bz N L R Bt )
anti-rhehnmﬁﬁma@mMgs&nmnmﬁ@MﬂRDﬁmmm@abmmqwmmdmnxﬁbuowmqmumﬁﬁasuhﬁéEﬁDaZ|ne,
nmet hot r ex efl ynom de, ce i.nf us oral a

subout dHEBUE: HethPdRs Rty HEBS R BsiiBe v pERihet r HRreedilicor an )

CGol d (isBlet@dbsmithagoup BdRBENE b (ALan RO FPAMDAR 55 FEaphy) aeetamke protein A
|nnunoadsorpt|on I ncludin salts and derivatives thereof, etc, [0157]
Exanpl edefnivm siining lesiens (CAatlpast phqubsag iR 1bareage in Igtandgd Apipsbility Sgatus

acetyl ss%hlequbsg Ak fvo j{éﬁk&ﬁfrf@ﬁr & starDRPHONGENt, anaqgmmﬁgﬂensmwélé SRty
tolmetin, including ts ‘and derivatives thereof, etc.[O

"Corti CBodMiSY greetreéﬁlgn @'@uaﬁyomﬁewmre@eweape aRihe hgs fhe gmlolmamstamugg
occur ring, SuRs En%&% ‘éﬂf[%ﬁ’s be t@@?ﬁa&ﬁ%} 109'&? b iRt MGl R1§ds, S g1 o ds t hat

m mc or augnent t ects atura occurrlng corticosteroids.
Exanple&mbﬁmsymﬂMEbfmdm@miﬂmb@tQMEmdwﬂthMUde)@mﬂdaﬁswmehe@nE@BR@oIone
(|ncIudlgg(ﬁpthylprednisolone), dexanethasone, gl ucocorticoid and

bet ametHi [0159] A "package insert” is used to refer to instructions

cont a1 nO17for e bBEEHE: iy BHRSARS Tudiogh SPERRE b Sl REL i | on,

cont r aisaRi @R ¢MFisingt ALelédias apettint Basne duﬁlb& dharaberiaRebdined! fabih het he
packaged product, and/or warnings concerning the use of such therapeutic
pr oduct&EOUROasisNg o 6 apagq lgtsdhan gbgul Wagareliia PRe rgneres gadolingim sipigigat i on

cust oMmgEdidné, diiC %ﬁciibwﬂlttah)ng 95‘?@&@&:@46 19@9({5%@@ Dﬁfablﬁglagtﬁ%: SuHid @AISS) over
formul ati OnS i ncl udi ng contai ners such as vials an ack age | nserts, as

wel | agwethes priyijestagigisetzgl ned (lymm]tlpke‘?wéfrr%%%e\'@@ty Sﬂ@tﬂstsé)\%@Ia@é or
par a”Ettfr‘ n B0Ed glnhtE' %H%Sadﬁq%ﬂgae#%% rtﬁé;&%&?t‘{ﬁ{s 5@1%&95' an Eﬂ?@chvé‘{nﬁoﬂh o%{ ed to

t hat val ue or er se or escription rererring t
"about axti-GIps] auldb@dydescrl ption of "X'.'

[0168] In some embodiments, the invention provides methods of treating progressive multiple
sclerosis in a patient, comprising administering to the patient an effective amount of an anti-
CD20 antibody, and wherein one or more characteristics selected from the group consisting of (a)
an age less than about 55 years, (b) one or more gadolinium staining lesions, (c) at least about a
one point increase in Expanded Disability Status Scale (EDSS) over two years prior to starting
treatment, and (d) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points.is used
as a basis for selecting the patient to receive the treatment, and wherein said treatment comprises

administering an effective amount of the anti-CD20 antibody to the patient.

[0169] The invention further provides methods of treating multiple sclerosis in a patient
comprising administering an effective amount of ocrelizumab to the patient to provide an initial
ocrelizumab exposure of between about 0.3 to about 0.6 grams followed by a second ocrelizumab
exposure of between about (.3 to about 0.6 grams, the second exposure not being provided until

from about 16 to 60 weeks from the initial exposure, and each of the ocrelizumab exposures is
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[0162] As used herein and in the appended clains, the singular forns "a,"
"or," and "the" include plural referents unless the context clearly

di ct at es WORerwi33s? It is understood that aspects and va&cCTAtS2@9895161t he

i nvention described herein include "consisting” and/or "consisting
essentially of aspects and variations. Il. Methods of Treatnent [0163] The

pr esentprhNN&QIND RN pRIAVAsARS oFBINRASs AfoctliB@hdt) th INRALARAInYGMHetidiRhe
sclerosis in a paglent conprising adm nistering to the patlent an effective

anount asfeliggmamexpogmp ahnttidogpms [0 3617 cnpodpes.dhbseendertdizumpe i nvent i on
pr ovi Q%ﬁgﬁg‘{}?gﬁou‘?b oG TSR QHRERYE tHE'-éE#d Rl ?&ﬁﬂe% QBhifiislefeddr PRt | ent

conpri si mnistering to the patient 'an effective anount of an anti-CD20
anti bod}bpuumezv®kmfr0melaﬁt imgnat expssdmasle dorucpcmbctdnﬁerpatonemt mhig\oif ﬂg: coredizomahmor e
characteristics sel. ecte %6 t oupf Si st nlﬂ é ?3 a[ge | ess than
about 557§ 8&?5”61{%31 e "5t asé’% SR O Zt“&‘au gorestt me‘& )OPar" | east
about an@bef peiobielizuitdbaxpEsurdd aE)(;maﬂd&utolﬂlespdmbhu ds yw Stiadesisf @ealzembicDBSS) over
two years prior. to starting treatment, and I tiple Sclerosis

Severi tsymSGW8dlm9§é§§“ © gredeet Oft%aqlf%%ﬁm@r%%?lm%% Forrrligypb-

enbodi nents, the invention provides nmethods of treating progresswe

mul ti pl[@14) eT]%f‘sli’résePHnée“bléI{lF‘]é?anp‘de&W’G@@ 1 Hassetiee pul T ddiiRe peen found to

have ongsRhsifRES FhFhAGH Sith Hhdt&siHE R IR HhR a8 ¥R 0GRSt | ng of (a)
an age | ess than about 55 years, (b) one or nore gadolinium staining

| esi ondreafngint.at | east about a one point increase in Expanded Disability
StatusScal e (EDSS) over two years prior to starting the treatnment, and (d)
a Ml ti[917e1]Sclnépmsieglb@@lwniswe Suonteon(vEH)s ngptlecals of asseramg atiether Sppwnint s, t he

treat nount of an
ant ;- o8 SPREo R Bl Sl AR b DR R DBk B P

nmet hods:onfpn‘smgaismsglgmnegr olss) aherantuhmcplscﬂecsal fmmshegroup @ngstingeri(a)aompe i si ng
adm ni stering,to the ent an ef t|ve anou CD20 anti body,
Sher o1 fo HERIEDR O HRa bt et R GE U PIRRG bR A e R G ¢

char act®irit $icrSe ﬁmx@@ﬁd%d Digability BRugISoalP (EOSS) o5t MG yohrs paipr t@rstaa:gﬁg | ess than
about 55 years, E one or. nore gadolinium staining | esions c) at |east

about 48 nbam% Diayldpls SclerpsExasds acer $¥PH grﬁatgtta%mbos"c%P@nteEDSS) over

two yeafierdh bR oﬂrﬁoﬁhﬁfhte'cﬂﬁaét&%ﬁ&”ﬁ%e pa%@ﬁ# ih@dads MbdR! RilFe! i8HBRIIR to
Severlt Score SS) greater than about 5 points, Wwhereby evi é)ence of the

age, @%?(Hlmlitm um staining |l esions, the increase in EDDS over two years
prior to starting the treatnent, MSSS, or a conbination thereof indicates
t hat t H81dt i rsomgicmbodigwpentdic inyentioaatronidits Tt ils oh essensing OEOT apatichody .

[0167] Vl/ v@ggﬁf ?\!I:J‘Qﬁlﬂhﬁﬁg WiBrosit Qf?ll Lle!o%’&ttb lahe Rtv\iliﬂleé:h e&%t—@lgﬁ anQibe(E}; eating

progr essi
comprising: (a) assessing one or more characteristics selected from the group consisting of (i) an

age less than about 55 years, (ii) one or more gadolinium staining lesions, (iii) at least about a one
point increase in Expanded Disability Status Scale (EDSS) over two years prior to starting
treatment, and (iv) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points; (b)
implementing an algorithm to determine that the patient is responsive to said treatment; and (c)

recording a result specific to the patient being tested.

[0173] In some embodiments, the invention provides methods of treating progressive multiple
sclerosis in a patient comprising: (a) assessing one or more characteristics selected from the
group consisting of (i) an age less than about 55 years, (i) one or more gadolinium staining
lesions, (iii) at least about a one point increase in Expanded Disability Status Scale (EDSS) over
two years prior to starting treatment, and (iv) a Multiple Sclerosis Severity Score (MSSS) greater
than about 5 points, wherein the patient is selected for treatment based on the patient having one

or more characteristics selected from the group consisting of (i) an age less than about 55 years,
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sclerosis, conprising: (a) selecting a patient has one or nore
characteristics selected fromthe group consisting of (i) an age |ess than
about 55 Weapw,/038387) one or nore gadol i ni um staini ng | ePCOAES2000i057151 at

| east about a one point increase in Expanded Disability Status Scal e ( EDSS)
over two years prior to starting treatnment, and (iv) a Miultiple Sclerosis

Severi ty) ScQrendr&/BRBlinAhAMifhg ﬁelaﬁaﬂs kgt le§st Q&Uu’ﬂﬁ Sne AL ihdBdasedEHagdQr i ng to

t he patl ent thus Sel ected an éffective amount of an anti-CD20 anti body.
[0168] DipabilypdtasissdickBRPS) ovehevq yareswion y sirong deasmenit avddy) eMuliiplat i ng

progress%qe\fgsgggvgf?[&lasgo&c‘(wsg gx%aﬂef‘ Qn%u't??&m%%{gp(g a@qéggm%&é iBQ o

the patient an e tive anolint o an ant erein one
or nor éycldanmsterg ©tshid selsgbdpdtient dnrebigrti eanguouy aO@ntm(chlQiOragtlbxfdy( a) an age
| ess than about 55 years, (b) one or nore gadoliniumstaining |esions, (c)
at | ead01Afouln samerebpdinrhtsj meirs/amte)nipnomqsamimus Ei)rsalei:tliligteythﬁtlmjthaSCal e

EDSS t ior. to.st ti Mul t
S or i abdPs { AR b Bl bilsare v TEh iSO palihe b lihbuhe o6 -
basi s fae osgofCdhangetifis p@édt@ﬂﬁrom@aergew MBsibig dfigah agTess (Raichboliesei n sai d

treatment conprises adm nistering an _effective anount of the anti-CD20
ant i bodiFFd iy AR Parire st OIIPBlirB@TlmPHéeSi%%éHt) abliat a8 PN HPIY BEEIFER hods of

treati @(pmuealméa%ﬂﬁy KRnRScle (IIDSS RALE GtycaRIPRLE & 8 Aath&l &hb (ig) &0
effective anount of ocrelizunmab to the patient to provide an initial

ocreli zl\dnlﬁblee%}ﬁmw%vth&@méMﬁ?S&@r@awn an ghouhhpeintspang (B sehpstinoin Bed by a
second ﬁﬁf@iﬂt%HMr ﬁréa[e&@ﬁ{rlpthg aga @%?P%lat@o ?’nag 8né’i%%6reg egagé Esﬁ@% ; the

second exposure ‘not bein bout 1 omthe
initi alsebxqad)ﬁumhe gmdp mtstlmg oitCm)emcagc @Iss lillmatbpueizfam €i$) dns pr mlv»reded to the
pati ent

ocre i zumabh. |n
R B M A S G T T R Bt N T
second eakeLDES®Rr ﬁij&ﬁu;r[ﬁlot&) s‘ﬂzbﬁhlg th@ afiti-QDRBrealniens @@ (iQndMdiipent s, t he
second exposure i.s adm njstered from about 24 weeks fromthe initi aI
exposur%ler‘i’sﬂ’ﬁ é"dﬁ%yegr‘fﬁ@d}\@@ greaighbagpb %gBOIB?S the ocrelizunmab exposures are
provided to the patient as one dose of acrelizumb. In sone enbodi nments,
one or A1 o sos cabpdinentinthp invgnina preddes maethads borqueligiperhsthsnt pakat as’ t wo

doses q;fntlplgrE)gﬂeés%\lérfﬁlhtlplls @cl@x‘%ﬁﬁ@ w@lﬁ%‘éﬂdﬂﬁ%h§ and b@zb‘ﬁ&l%@%ﬁe REhegd el i zumab
conpri se about 3 granms of ocrelizumab. [0170] present invention al so

provi desmpeting dxcvingass eg@plr?g?halﬁéﬁmtl% s@@ﬂt@tﬁrcﬁg the@mhwn@gé (Dfanggpat i ent
with pr s@rﬂ?a%%'b&ﬁ 5@3}5 n%cdr%ﬁo‘?é %asdoh luﬁl%teﬁﬁﬁhgle%ég @{Lhiég&%ﬁ?&t L&k Ment.

[0171] n sonme enb s the 1ivention provi assessi ng
whet herpoat [ma:taaefntn Empaltdep lmgalbésss Buagis budle (IPDES)sokemosiesrswribt torsesiend t o

treat % ng%O ant | assessi e .0 nore

char actBrripl-dad bRy e st T SR BN P REBTR Y APl ReiBh
whereby the age, the gadolinium staining lesions, the increase in EDDS over two years prior to
starting treatment, MSSS, or a combination thereof indicates that the patient will respond to the

anti-CD20 antibody.

[0176] In some embodiments, the invention provides methods of identifying a patient with
progressive multiple sclerosis likely to respond to anti-CD20 antibody treatment comprising: (a)
assessing one or more characteristics selected from the group consisting of (i) an age less than
about 55 years, (ii) one or more gadolinium staining lesions, (iii) at least about a one point
increase in Expanded Disability Status Scale (EDSS) over two years prior to starting treatment,
and (iv) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points; and (b)
identifying the patient having one or more characteristics selected from the group consisting of (i)
an age less than about 55 years, (i1) one or more gadolinium staining lesions, (iii) at least about a
one point increase in Expanded Disability Status Scale (EDSS) over two years prior to starting

treatment, and (iv) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points.
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| ess than about 55 years, (b) one or nore gadoliniumstaining |esions, (c)
at | east about a one point increase in Expanded Disability Status Scale
(EDSS) oweoO 2003938ars prior to starting treatnment, and @dY/es20alos71p1 e
Sclerosis Severity Score (MSSS) greater than about 5 points, wherein one or
nore of the characteristics in the patient indicates the patient will be
respongipY#7|t o1 fgheldnft¥diBts of & /Althd ReSOIRLERARM T8RS, hitfor FRVERTHLON

provi des net hods of assessing whether a patient with progressive multiple
scl er ogespondivdnessalepaibdd hareiny batpatertts bavelonarer aroré clEDREersstits sdabyedcioemr i si ng:
(a) assessing one or re characteristics selected fromthe grou

Cons; Stogap coryots Aaw rade R BBl BRapadp Sne of Moo srofpiy ¢

gadol i nitdiRing taidtsNehdl (€54tQ8St adut b bn@poihERsteasthiaWxpanRADRMiRy Jtitgs ease in
Expanded Disability Status Scal e (EDSS) over two years prior to starting

t r eat nersele (ERYPS) oygr tayomghisipplos tosiiEnp deatnBateri ty Score (MSSS) greater than
about 5 points; (b) inplenenting an algorithmto determ ne that the patient
is res hvert i : : J; . specific to the
patienﬁgggﬁngthgﬁg .0?%%§§F?%ﬁ”ggﬁgm%%%%%ﬁ%%%%@%g?ﬁgﬁ'%@%ﬁ?gon provi des
met hodsegpbnsivamatsi degeriped eremsihe metholds fypther @oipesoadyssingia patatt i ent conpri si ng:
(a) assessing one or nore characteristics selected fromthe group

consi st[DHY] of In(solne@mbadjierche 9§ atyhelrthainethbdSd tyeed@resand (abseshupeandfor poxdeting

gadol i ni um st ai ni lesions, . (iil t |east about a one pojnt . increase in

L pand b Toh ST e bt piiohiBiseg 72 Dap oAy RuPRR AR 0GR g

t r eat manbup @Asist(igwf (B avlabt iepd @arSeHoRr BSVErsSa oht biymSe@heolinkSShingiceat er t han
about 5 points, wherein the patient js selected for treatment based on the
pat i entleHR; (g2 derst Groulprns RO AncEtass indixparded diigabtlby Stfus metn ELIgP Dy er

consi stiyBgeRt pfibio 3ArAY_rch@FHL, WhRN) ADPULipIO Sc¥RAIsSelddy) SORE MAKSTPLBater
gadoliniumstaining lesions, (iii) at |east about a one point increase in
Expandebanpibenbl painty. Issemne smgpdiments piygg)of giganethegs of Eaatingppd apesmesndlor i ng

treat . i L.t : i er than
about | &t Alde bl Redeick By Pl HERAEA RN L i By MR O ERL 2T
sai d sedreunt @dsipatg diid) aangelchebtn stwuahpymts, 6) oanoamoic-cabAGiwmstainogy. [ 0174]
In so enbodi ment t he invention praqvide t s.for I i a t her apy
for o arrBn) BEbiebl St AR B af R TSRS sLBk S RSP &

scl er osive yeanpfrivistb R@itingajca@sBe 26d QY addtiple SoRrBisSeacrag Sesrt SWISSS) gedtact ed

fromthe group_consisting of (i) an age |ess than abouyt. 55 years, (ii) one
or ror EMBP' SN b APHF ﬁ‘BI"P‘é@F‘HF@I}C I?%“FPt)%aéfhr?ee%’Eé‘iaCtﬁﬁﬁﬂfts S%lg%?fﬁf?% ﬁl}'ﬁ

i ncr eas@olpoRXRARAR da)ldh 230ickd thiin sHoat $55ycasalts ohERSI)re QUES1iniM siB@lgS prior to
starting treatnent, and (iv) a Miultiple Sclerosis Severity Score (MSSS)

gr eat erlcsiopnndyeLA le3stsgpEftasone RAt icased EESSy i oaiseis PricDPotEHY body f or

treat mepby b o TH oM rhl%@lrciim s, AL 18P nRORYLALIQRHRS B& BlyeRI®) one o

) r
characteristics selecte rom the group consisting of (1) an age |ess than
about 58ory gadcéipiu(ni i;tyinmgées@ms,rfg} @ least about a one point increase in Expanded Disability

Status Scale (EDSS) over two years prior to starting treatment, and (d) a Multiple Sclerosis

Severity Score (MSSS) greater than about 5 points.

[0180] In some embodiments of any of the methods of treating and assessing and/or predicting
responsiveness described herein, the progressive multiple sclerosis is primary progressive
multiple sclerosis. In some embodiments, the progressive multiple sclerosis is secondary
progressive multiple sclerosis. In some embodiments, the progressive multiple sclerosis is
progressive relapsing multiple sclerosis. In some embodiments, the patient and/or patient

population is not diagnosed with relapsing remitting multiple sclerosis when starting treatment.

[0181] In some embodiments of any of the methods of treating and assessing and/or predicting
responsiveness described herein, the patient and/or patient population further has evidence of

inflammation in a sample. Evidence of inflammation is indicated by assessing one or more indicia

44



gadolinium staining lesions, (iii) at |east about a one point increase in
Expanded Disability Status Scal e (EDSS) over two years prior to starting
t he anti -wD2010va3gsrnent, and (iv) a Miultiple Sclerosis BETAIS2M00/0S06T €
(MBSS) greater than about 5 points. [0175] In some enbodi nents, the

i nvention provides nethods for predicting whether a patient with

progr esgiMBinHdoh PI1R SmbRIAS bs ay dultak1€ $RNE (I RsRNinARhaGH2 Qn §ihd body, the
met hods conprising assessing oné or nore characteristics selected fromthe

group conwiznanisgtheparply isgipsegye uad dn spgenaltndimenss thedhidsanily isgne or nore
adol i nJ I : in
Lxpandad B SR RS LT, B Sund o Hpedf o ARG A BRBLRAIA L IELERSE, Ny
t r eat nemtelevated @@ Indax. Mukempérebd@ahens shesevBkuer oftiyflBooaten(iMB8htedbpdd(@r t han

about 5 poi.nt reb he . the.gadoliniu taini | esi ons, the

or cadd P Pbpet SRERK B §adf T G R IPLP A B IR FRARRES or
conbi nahflanmhtharieddtediethyCRREIn sbhiait embalipadts,ehd ewddnte sfeiapancaticn ik he

anti - 0 antibody. [0176]. In sone enbodi npents, the inyention provides

met hod e@ﬁteﬁﬁr@mﬁi rgﬁehﬁg@% -?qhé?ﬁm%flﬂnqurégﬁ%%%sv@thﬁw‘e- ﬁqlseofééﬁegﬁn@si s likely
t 0 r esReRnt A dndeRd attdoRady tHela@at ment conpri sing: (a) assessing one or
nore characteristics selected fromthe group consisting of (i) an age |ess

than ahgi¥2]S5InYkeRk SmbbilinenRRE aBf of TR Rc@BEA LMD sliRkJbdhd AR PRYiciby 1 1) at
| east about a one point increase in Expanded Disability Status Scal e ( EDSS)
over tvesppesyancssrdegqribedhereiar th patiant el oraationt apppltiopys ehapglerivesl by Scl er osi s

Sever | tc%ﬁ%?;% EDEYRPS)a %ﬁﬁ%?ﬁm%ﬁﬂQorﬁ?%ﬁoém@&%,%é@ﬁ?&g&}ﬁ% H&t%%f‘t ITying the

pati ent i ng one or re characteristics sel’ect € group
consi stropglagdén i§ icharaaterarge by eslsast Wzt atyoaftl ity pqing i1.5)pomnd . Drponos 2
gadol i ni um i ning .l esi . (iii), at least a a one point.increase in
L panddi s ZhEh T e s eFoe ol dreaRla ks AT P B PR 0SS o7t g
t r eat mepdrtingathe af -’26 aMibodiy ple@mSai. B @®icSenbRui@iidntsy thSeafesé MIIHS graert@r than
about 5 poi nti&OlW In gﬁ enbodi nents of an%;gof t he pet hods of

B SSp

treati M§OUds'seBEPHGCTCRR Y Xl WP VRYS PRLPBATUPeAEas bt ed herein, the

pat i entgniiaM@n@Nee GerdBE B AN Sk Bid %éairscp?i& & astifd cf RN Gl tAMRable
consisting of (a) an age |ess than about 55 years, (b) one or nore

gadol i rip gHarse-dn seg cnbedipems, thgppticr)angfor paigst popBletien i chrractpiddedbyibagipgase in
Expand ' kl I i i ng
e R G RSSO DRl SR
and/ or Yyeedi t4 yaug, 1 espondl yeneds ydescldiysed, Heyesisn]6 ydaes, i yévodd 8 fyenrs,HEr

conpr i S%a advri ! 95 3n RE ! E%%odiﬁq%z %ﬂle I e RO /oF ”gjt%cril[ %eﬂ}aﬁor? gs c%gl%ctg}cizetd%e

met hods' “F {reat Ng and assessi ng and/ or pr edarets n% By esponsi veness y

descri badinh@éaemEDERef pahteethtin fiast Srof@ leRamnabeutdiaeastiesost toBodabact ed

(rom (e, SkeuP.Sesl sl g ol (a0 805 $35H 080 PGS B2, ¥ERLRuquR) one
about 5.0 for less than about any of 5 years, 6 years, 7 years, 8 years, 9 years, 10 years, 11 years,
12 years, 13 years, 14 years, or 15 years. In some embodiments, the patient and/or patient

population is characterized by having had an EDSS less than or equal to about 5.0 for less than
about 10 years.

[0183] In some embodiments of any of the methods of treating and assessing and/or predicting
responsiveness described herein, the patient and/or patient population is characterized by having
an EDSS of between about any of 1.5 points to 7 points, 1.5 points to 6.5 points, 2 points to 6.5
points, or 3 points to 6.5 points. In some embodiments, the patient and/or patient population is

characterized by having an EDSS when starting treatment is between about 3.0 and about 6.5.

[0184] In some embodiments of any of the methods of treating, assessing and/or predicting
responsiveness described herein, the patient and/or patient population is characterized by having

an MSSS of greater than about any of 6, 7, 8, or 9. In some embodiments of any of the methods
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| esions, (c) at |east about a one point increase in Expanded Disability
Status Scal e (EDSS) over two years prior to starting treatnent, and (d) a
Mul ti pl e WOl2er0a88387Severity Score (MSSS) greater than albewius200905T156. | n
sone enbodi nents of any of the methods of treating and assessing and/or
predi cting responsi veness described herein, the patient has two

CharaCkﬁhk&h@Q&d%%%%ﬁ@&ﬂdkﬁQﬂhkhﬁgﬂ%ﬁﬂ@w@ﬁﬂ§h&&ﬁ@ﬂ¢@&mﬁﬁkIﬁﬁmﬁgﬁm%ﬁss t han
about 55 years, (b) one or nore gadoliniumstaining |esions, (c) at |east

about aapen pppilatton ipehasstesizphbEhayareadIPps abgeatenthay abouisd. Scal e (EDSS) over
two years prior to starting treatnment, and (d) a Miltiple Sclerosis

Sever i tl)18&d or e spveSBpodimeats f anshelrihamodivdsolpspimesandassesorgeandmpotidiing s, t he
pati ent .t hree I ISt f . i.S51 of (a)
B age TRl HEREIRATLen St bafp ARl pATIANT (06 B SORSL IS

| esi onshavimpdw( o) mate rblepsst withinutvo yeampripab Rtartingeree@sat. lnsd@RSStovénertayo year s

prior to starti treatnent.. I n nbodi t .t he ient h (a) an
Do 1 edle A iy pAER! fRon SufRET SR EPHFT By R Tl s 1 esi ons,
(c) at rtiapst, 4abRpies orEnelapk MithinnGhease phior (Expandetatheaabi ity Status Scal e
(EDSS) over two years prior to starting treatnent, and (d) a Miultiple

Scl er 0q08863eVRIsoliy cBOdithecaiVBBRly @TtBaehodhdircaldUindAsReN i fd/dr PldRting n sone
enbodi ments of any of the nethods of treating and assessing and/

d/ or
pr edi ctFRGT eI HErsibRd BEciede PRisEHANE dRHcnt PARMIFOB dY SeEICFEZEA I $0iee-

scl er o5} S0 eRbbdTREM s, RRORHERSINYRr PAtlehl pBlafich R AStaSerided b5 ARSI ILH IPRNL S,
the progressive nmultiple sclerosis is secondary progressive nultiple

scl er oghan abopt ang e S& fitrod idAwers, S3tyhas prlogressl xearsned 10 yshes. ksbeeosis i s
o . ) | ) ‘ ) tient
progr ese%{b\églnge?llsa&l% :RthenWA&/J)rgJaﬁerﬁ%aﬁhﬁ%n%s C a\%ct?eglqg% %@ﬂ#ﬁ%g%b{ {e?sﬁtaﬁ)t?‘ I en

and/ or patient pop tion i 0 agnose

mul ti plabostdlerasi s when starting treatnment. [0181] In sone enbodi nents of
any of the methods of treating and assessing and/ or predicting

r espong18sjesh sdesembbéicheche o€ hiy, oftthemp@bdseifitreatindy ol agatdigdndfpo prddatingn
further has .evide ce.o% inflammtion in a sanple. .Evidence of inflammtion
is i ndirﬁ%{’f’gﬁwt.’i‘ﬁsség%cé’é’g AgeBne b atfPBPte“*@”r‘fﬁ? tdlingg‘} conifp PO TRE s dhpl e
can be 3Ry cibdialkh®, thabRifBmte IRESE D gtRdibRRIAIABRse LIS BaeFbaditg@nt s, the
sanple is tissue or fluid. In sone enbodi nents, the fluid sanple is a

cer ebr d8piaY amp|af HaveskimBIveecks, 2 Sk, Bl mEhtscks eV bt déntsekopr 32
| nf | ammptek Oy bind b RRANERs, e RANBAEMALEL JrO&edsPHEXan tbreSQTE EBRRGLY fENt S,

the evidence of inflammtion is indicated by IgG oligoclonal bands detected
by i soehsened ©orfwduswerdks. Innome pmabedionts reneanfirmerbdissabaipmeressoin i afl | ammat i on

IS dEtgﬁ&ﬁge?ﬁEﬁﬁﬁﬂmlﬁSﬁaﬁﬁﬂﬁﬁ?ﬁﬁﬁgﬁﬂﬁ§“@?£¢ evidence of inflamation is

det ect e presence cing T'esions or T2 lesions. Oher

PR U I A GR T RA

pr edi ctrespgnsiveness described herein, the anti-CD20 antibody comprises: a) a heavy chain variable
region comprising SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:12, and b) a light chain
variable region comprising SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6. In some
embodiments of any of the methods described herein, the anti-CD20 antibody is ocrelizumab. In
some embodiments of any of the methods described herein, the anti-CD20 antibody is rituximab.
In some embodiments of any of the methods described herein, the anti-CD20 antibody is
ofatumumab. In some embodiments of any of the methods described herein, the anti-CD20
antibody is TRU-015 or SBI-087. In some embodiments of any of the methods described herein,
the anti-CD20 antibody is GA101. In some embodiments of any of the methods described herein,

the anti-CD20 antibody is hA20.

[0189] The methods described herein may encompass any combination of the embodiments

described herein. For example, the methods include methods of treatment and assessing and/or
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responsi veness descri bed herein, the patient and/or patient population is
characterized by a change in EDSS over a period of tine. In sone

enbodi nerwe,20t0M83§8at i ent and/ or patient popul ati on is clraerase@wiozadl by at

| east about any of 1 point, 1.25 point, 1.5 point, 1.75 point, 2 point,
2.25 point, 2.5 point, 2.75 point, or 3 point increase in EDSS over two
years Rfréd¥tinkQuiRtaf the PatidndBasdB} dm £P2Qs afAh lPAM Y5 géeﬁs?l&r{@(m ond d} nfREE .
enbodi ments, the increase in EDSSis at |east about a 1.5 point increase in
EDSS owafolinggnylaming Iesipnsy to starting treatnent. In sone enbodi nents, the
increase in EDSS over two years prior to starting treatnment is not

attri bdlbiBlosagey rel apse. In sone enbodi nents, the patient and/or patient
popul ation is characterized by having had an EDSS of greater than about 5.0
for | ed8190anAadyoding wrspmefenbodismnts of 8nyeldhgmethogeerrasticl® of smnsfac@reyear s, 10
years, 1. rs., J2 ar.s, . 1 ear 14 years., 1 eal.s.. 16 year 17
vears, SratREREn, b KERLS iR Sty R B SRS S S ¥ RE P e
and/ or gaetGTe2 anpbpdyl @ttheanuliiple cblaroas petidnz edbrbyiddh avinitgl aboayefoSHe of great er

ot 1 enLPHAT b A e B b o1 LHaPa et #2809 R Hy N A" EDss

| ess t habutar) eema) followabpud seofdl £nfibode&Podh@dr MoGLD.3 Rbodfs Gamears, 6
years, 7 ¥ears, 8 years, 9 éears, 10 years, 11 years, 12 years, 13 years,
14 year(®relesbly sbaps@pdo ahayt &g meanasysdiarairus O-Grgmangeftabavt]- hgfamek hsseqiadt

popul aténﬁﬂody%x?&%f&?&t B8Eihg gﬁ’)vaéd DAY fRen e 80 oEBSR dodsskd eR (@ infAval to
about 5.0 for less than about 10 years. [0183] In sonme enbodi nents of any

of t he ardbdtydspesura Fempurprgesaridhia svesisim theapehhd angrodsicspdsmyg is @s poxidineness
descri ' . pat i ent ' - ' ' har.agt.eri zed by
navi ng T EEadb e FuR Bk SRR S BB AR B Bh By AT K00
to 6.5 mdheetvening apdiCh2e ahdbdly Srepoient &, exposul poverhshd iaithl mdpecankls. | n sone

enbodi nents, the patient. and/ or. pati ent popul ation is characterized by

vt no SR RkadaRER cepRpER 6F bR Ao L2 R efdan Be SRR Ebou 6. 5.

[ 0184] dxposmieue aestoaskt BEDS Srak, @NYradfs, 0.5 eramBt Mo dsanaf 0.1 ety 08,or@ss69si ng
and/ or predicting responsiveness described herein, the patient and/or

pat i ent&'#Bhar &Pig5S: s characteri zed by having an MSSS of greater than about
any of In sonme_enbodi nents of any of the methodsof treating

6, 7, 8, or 9. . er !
and asd8EYiIngThmiarker! prteascine ingtisl eapiskend errabsderas antibaduomePErLan e
pat | enty, a0 froRAlih&the RAPH QLIRS GRMARA SlvpRY ?ﬁ%sﬁ@,\ﬂupgl RheMESS of

greater than about 9. [0185] In sone enbodi nents of any of the nethods of
t r eat i mynbeddncatss Bewithgfiinhdysorf e ediid rhmhpdy esponsi veness descri bed herein
the patient and/or patient population is further characterized by having
two or [A28 rlelsapsesmbpilinienty, thoentjhedy sxpusires art epvsintaietyg24 weeks weimonths  sone
enbodiqp&vgkatq§x§§ﬁ§egéwg§g%052 %%&gggnpopulation is further characterized
by haviRg anyp%P reXapses, 53'7e apse%,'4 rel apses, or 5 relapses within

two yea[bf93? A ﬁlronte %m%g(?irmteintl? gletsgzceo%h gr‘:i‘tr{gody exposure is not provided until about 20 to
about 30 weeks from the initial exposure, optionally followed by a third antibody exposure of
about 0.3 to about 4 grams (preferably about 0.3 to about 1.5 grams), the third exposure not being
administered until from about 46 to 60 weeks (preferably from about 46 to 54 weeks) from the
initial exposure, and then, in some embodiments, no further antibody exposure is provided until at
least about 70-75 weeks from the initial exposure. In some embodiments, the third antibody
exposure is about any of 0.3 grams, 0.4 grams, 0.5 grams, 0.6 grams, 0.7 grams, 0.8 grams, 0.9

grams, or 1.0 grams.

[0194] In an alternative embodiment, the second antibody exposure is not provided until about
46 to 60 weeks from the initial exposure, and subsequent antibody exposures, if any, are not

provided until about 46 to 60 weeks from the previous antibody exposure.
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[0186] In sone enbodi nents of any of the methods of treating and assessing
and/ or predicting responsiveness descri bed herein, the patient and/or

pati ent PpEPUDENG38F87I S characterized by an age. In sone ecbasememnsas1the
patient and/or patient population is characterized by having an age |ess

t han about any of 55 years, 54 years, 53 years, 52 years, 5 1 years, or 50
years. [h19sjOnEneTROTH HBRALBthe hA®oRA Lk SRErcRAEAMBAeipBRidRAO HedfaliQN ad §
characterized by having an age of | ess than about 1 years. [0187] In sone
enmbodi rEfglesdase obgyibedy, phes tretsprsdaic dpscs peltie pRPOAN - cassestigiting adngl/apd

predi cty r i [ | t jme to
confi rrrsgéc}glgidgg 'g@% \réggrﬁ%grsllggﬁ& "Tﬁ&g%@{%ﬁgéﬁ‘f‘g&g‘ﬁy& lﬁgéacfgﬂ%?#rgr@%og}]sease
pr ogr essporurd is dggenilentrfeasemple, BHDBS tyfeatl MS reaust, tienge (fantitablgempanyyd.of 4

weeks, eks weeks, 1 eks, 20 eks, weeks, 28. weeks, .or 32
veors, TietBERs whf iRl RecohE S Bon oSSR Ll n TR0 b EhtREI o
I ncr eas@ministEHOSHR What (wé sepusitead od@chré afmihisekade thasedoad dbde is pieterehiipodi ment s,

t he confirned di sease progression is an increase in S that is sustained
for ty\é’ﬁwm?t&‘iﬁg f%b%@?ﬁ%%ﬁéﬁ@%ﬁl%@%é&%ﬁ?fﬁ@ p 6d¢ TaHp ot &t net hods  of
treat i Nge@AdlyFRIL N3 NG RFs REATCHhO the TRSRIBASK KBTS EREAhish@d herein,
the anti-CD20 anti body conprises: a) a heavy chain variable region

conpr i sTHydigmEals pheiwa geraggose ayordmipistegidythaseyontdhdngg is abwut khys) a | ght
chain V\@ﬁél@%(?sn%gﬁle%]@gsoﬂpgd@h?%reﬂ?@eprscslélgl g@cmﬂ;ﬁ)sg Qf}!ﬂgalﬁtiboﬁ? SEQ I'D NO 6.

In sonme enbodi nents of any o e nethods descri be erein, e anti-CD20
ant i bodyefemblycbeltiOzutvalt griams.some partrally memntt §.3ab abow 1 dfgrathe Imetniod s

descri be erein .the anti - Q. .antibody is, pituximb. In so enbodi nment s
R S e R

of at umumaebodylin asamenyesfifiaderammntosd @hmartys gfankhe Oregrhoddn d@seembetimbes,.ei n, the
anti-CD20. anti body is TRU-O 15 ar SB|l-087. In so enbodi nents of any of
the met! i34 HipTE AR NP3 Fft-deﬁz@d&ﬁef%gdw%f i some
enbodi neHi&in te AREM0 andReconBUBRAST odREcUThAME bRk 83 Nrarhd) @ @id entHadfnaiy, | body
is hA20. [0189] The nethods described herein may enconpass_ any conbi nation

of t he Bhissondhrsitliyugal e¥opEE cprapidicha single deseapfsrcielizym, wbeisBdae Fingle daw
met hods,rQf 5 RRITE0L k. assessi ng and/ orpredi cting wherein the patient has
(a) an age |l ess than about 55 years and (b) one or nore gadolinium staining

| esi . - - ' i f th
esl ongo1dd;! - (RS 2BS lh%%ﬁlfﬂe éfgft?&l‘?ﬁs%é&gdécptZ%%bgﬁmﬂgé,{Bﬁgfa%tB ut ('S'%,r Hact NE

met hods or "articles o ure descri her el n,
i nst r udtdsbawuchnprxipsesesad therangbalyi fig caam@é.fiamt ahoet A mdihixpofur@namintgre CD20

Zgggggg%t%glahr})%bgfﬂ%ttg Qb gxpsoglllrgg, ?r?ois§ pa?t?(;[ullaerpE a‘t;[o(l)lt ?[ooild g{%os%?esi. ﬂ’ll stoimaeI anti body
embodiments of any of the methods, the methods further comprising providing between about
one to about three subsequent ocrelizumab exposures. In some embodiments, such exposures are
administered at intervals each of approximately 24 weeks or 6 months, or 48 weeks or 12 months.
In one embodiment, each antibody exposure is provided as a single dose of the antibody. In an
alternative embodiment, each antibody exposure is provided as two separate doses of the

antibody. However, not every antibody exposure need be provided as a single dose or as two

separate doses.

[0197] The antibody may be a naked antibody or may be conjugated with another molecule
such as a cytotoxic agent such as a radioactive compound. In some embodiments, the antibody is
Rituximab, humanized 2H7 (e.g. comprising the variable domain sequences in SEQ ID NOS. 2
and 8) or humanized 2H7 comprising the variable domain sequences in SEQ ID NOS. 23 and 24,
or huMax-CD20 (Genmab). In some embodiments, the antibody is ocrelizumab (e.g., comprising
(a) a light chain comprising the amino acid sequence of SEQ ID NO: 13 and (b) a heavy chain
comprising the amino acid sequence of SEQ ID NO:14).
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about 0.3 to about 4 grans (preferably about 0.3 to about 1.5 grans, such
as about 0.6 grans or about 1.0 grans) followed by a second anti body
exposur e W 20938580. 3 t 0 about 4 grans (preferably aboutCO/U32e09/08b6ut 1.5
grans, such as about 0.6 granms or about 1.0 grans), the second anti body
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ant i bod92a0% poWihile thes Moantibadymayf bdthd oguyalng adfhidistgred s the PaGeng foainmy thd. 6
grans, rans,

O e At S s ik ARty T s Sy BB kR b B Red unti

about 4BeitocHethomeesutfcrapent nenudvkdjpadssi@X paat kfokiaddyskisegigndisiant i body
exposures, if an are not provided until about 46 to 60 weeks fromthe

previ odtiBey; HOH Beiop SGFRONCOISTINARL 2M ANLRONFTH PIANGPOdYHE Satht Hbddy exposur es
herei n jEyoR&ubl QUrdSdmhe (Mlﬂrm&@%ﬁmﬁémaufambﬂe A88 QL @M, LPAPYph LT as

two separatée doses of the antibody (i.e., constituting a first and second
dose) . 4linegpanttitody auchrg mhzumadeXSABN@bamdablo fremdihogaM)ieoeﬁlfﬂph oyed for

each ang,i body ex e
£ eat e ey AB B o RE SHIRES 0ul Bha PR Sl ubltf: (P F EidCcona
medi can@beo ansibedyp) oyed, and the nethod and frequency of administration.

Where two separate doses are adm ni stered, the second dose is preferably

[0201] In some embodiments of combination therapy, the antibody is combined with an
interferon class drug such as IFN-beta-1a (REBIF® and AVONEX®) or IFN-beta-1b
(BETASERON®); an oligopeptide such a glatiramer acetate (COPAXONE®); a cytotoxic agent
such as mitoxantrone (NOVANTRONE®), methotrexate, cyclophosphamide, chlorambucil,
azathioprine; intravenous immunoglobulin (gamma globulin); lymphocyte-depleting therapy
(e.g., mitoxantrone, cyclophosphamide, Campath, anti-CD4, cladribine, total body irradiation,
bone marrow transplantation); corticosteroid (e.g. methylprednisolone, prednisone,
dexamethasone, or glucorticoid), including systemic corticosteroid therapy; non—
lymphocyte-depleting immunosuppressive therapy (e.g., mycophenolate mofetil (MMF) or
cyclosporine); cholesterol-lowering drug of the “statin” class, which includes cerivastatin
(BAYCOL®), fluvastatin (LESCOL®), atorvastatin (LIPITOR®), lovastatin (MEVACOR®),
pravastatin (PRAVACHOL®), Simvastatin (ZOCOR®); estradiol; testosterone (optionally at
elevated dosages; Stuve et al. Neurology 8:290-301 (2002)); hormone replacement therapy;

treatment for symptoms secondary or related to MS (e.g., spasticity, incontinence, pain, fatigue);
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adm ni stered fromabout 3 to 17 days, nore preferably fromabout 6 to 16
days, and nost preferably fromabout 13 to 16 days fromthe tinme the first
dose was wWorrwesssred. I n some enbodi nents, where two S@pRNBL@INGHEE ar e
adm ni stered, the second dose is about 14 days. Were two separate doses
are adm nistered, the first and second dose of the antibody is preferably

about O, BN thhibiter; HiRER - m &M e Pl BERRIY BRAWMARDB)1RnaREMEa1 hn@- grams. I'n
sonme enbodi nents, where twd separate doses are admi ni stered, the first and

second indyemaprydrag A BY dglasneaphgyetit; lenethysfxim; Qydesapmn Aesmnagasm 0.5
grams, a%logue c;?[%ﬁﬁ@ oréa/ﬂ acé;)EG?%Hﬂ §tsant1 &Gad 'té hrﬂlnug&sh% ZHITBR. fXPOSUr €

conpri ses dos econd°dose of ocr i’zuna erein“the first
dose anchabditaid sdigse’; mﬂlcmﬂzdilm; ilyurrddstangy; abhaber Bcdl griansantdgonisgamgibody;
enbodlnents the second ocrelizunmab exposure conprises a single dose of
ocrel i ZUtab, wherein the single dose of ocrelizumab is 0.6 grans [0196] In

one e t he patj.ent 's rov i de east. about t

Sbout AT ol iRt isnl R RO ERusiEDu b e TR FEh s RopoiBS i o
from ahguic GD2MarftiBo@X PQSWoeHinca Iadlmﬁﬁlsitﬁtl@afnbluﬂw @ ddyhigiedion Jusin@ séfhrate
exposures npst particularly, about 3 to 20 exposures. I n sone enbodi nents
of any BIYIHEHBE hyBEle PhHBFRLIFY daTHAOREI CORSFEE AEMiSRTeR WEiBet ween

about &t PhadR %Fefér%l?%e%@@%@ﬁ%ho@%ﬁé b&H IEBGXARS ldg&ﬁs s11|nﬁlta§f83%1y
enbodi nents, suc expoSures are adm nistered at intervals each

appr oxuw&eybzdogte%@gtlvom686 nmont hs, or 48 weeks or 12 nont hs. In one
enbodi nent, each antibody exposure is provided as a single dose of the
ant i bod9203]n Ardafroaradmtnisteatienbbaitivedies todacprtiant thb poiperd eppliatien i s provi ded

ase;""gec%ﬁd%ﬁ{ ALS gﬂ&%‘?&aﬁﬁn Efﬁmgé‘&l&hogf ene H@\\;x@yggeuﬁggg len? éééns @f’\ff(sl%gc%é XPOS‘” €
ant |h boclzylcqsﬂmygt %’? amhmdkesébrr]lam‘rhpetsmd)byahe e@yesglen acdmyélwgsamgdnmﬂfdcltlﬁma;gﬁm qsfol ecul e
embod, HEARERo Sl PRBaYe FLOR Tl ehBeHRl e S PR Dy BT P gt e

vari ablgen@imeﬁppt(smu@mﬁ@adenu@t‘;@ubal&os 2 and 8) or humani zed 2H7
conprising the variable domain sequences in SEQ ID NCS. 23 and 24, or

huMax- 26y ( Cervrebn: twd) Eha ﬂﬁpr@zﬁﬂh@:ﬁﬂo@ﬂﬁ@ the fiRleaNicid@@oraly 06ii@hdzid Hab
(e.qg., corrprl Si ngaé t chain cogg(;l sing the amno acid sequence of

SEQ | D \Resen)imo sheapatipt sgelﬂfeew%% G VSN Vivigy d@IWérYathP Aecleie peld édaiselide of
SEQ I'D cNQctlylﬂi)o tho ﬂ%ﬁ*}lt |u£haﬂ9 Gt tﬁ%@\kfﬁ@@ the ahthlﬁ)dg%t feaﬁﬁredhﬁér é}er/%rtreg%ﬂt

previously treated with drug(s), such as | nmmunosuppressive agent(s), to
treat tthepanghtsiogllears ednervisd, the aurliiorcith issntneinerd ipethespnsldtasieslly andrtbat ed wi t h

:n C%ggl a(%ﬁﬂ% c%ll?allé adft! Illstérg(li Ioatﬁg p%gl#eq{hel( (%re%tly Qle Y&t XQII;‘ISI\é,I &H%Xla&ﬁ%ﬁhﬁ? Wi th

porous membranes that are implanted into the patient (see, e.g. U.S. Patent Nos. 4,892,538 and
5,283,187). There are a variety of techniques available for introducing nucleic acids into viable
cells. The techniques vary depending upon whether the nucleic acid is transferred into cultured
cells in vitro, or in vivo in the cells of the intended host. Techniques suitable for the transfer of
nucleic acid into mammalian cells in vitro include the use of liposomes, electroporation,

microinjection, cell fusion, DEAE-dextran, the calcium phosphate precipitation method, etc. A

commonly used vector for ex vivo delivery of the gene is a retrovirus.

[0205] In some embodiments, the in vivo nucleic acid transfer techniques include transfection
with viral vectors (such as adenovirus, Herpes simplex I virus, or adeno-associated virus) and
lipid-based systems (useful lipids for lipid-mediated transfer of the gene are DOTMA, DOPE and
DC-Chol, for example). In some situations it is desirable to provide the nucleic acid source with
an agent that targets the target cells, such as an antibody specific for a cell surface membrane

protein or the target cell, a ligand for a receptor on the target cell, etc. Where liposomes are
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[0199] The antibody is adm nistered by any suitable neans, including

parenteral, topical, subcutaneous, intraperitoneal, intrapul nonary,
i nt ranasaWp 2010d)38387i nt r al esi onal adm ni strati on. Parent @CRIUS200008T116ns
i nclude intramuscul ar, intravenous, intraarterial, intraperitoneal, or

subcut aneous admi nistration. Intrathecal admnistration is al so

cont e, @hi8Ld (;16@ins Ehabbind ¥ Rt @AhcARRhRYaNOp o024 QA efdobybs lapez, A

concerni ng ‘i ntrathecal delivery of a CD20 antibody). In addition, the
ant i body ed/fos irgeaipg yndder ta dariliils vaialel elgy c4psidgeoting oisfiragments, tbereofxmon)w

decl i nipg, gﬁg&ﬁa&fell? g, eﬁlﬂBb(PQS%r pﬂol%n%‘%ﬂ% ﬁﬁ?g&'fn S atidn1f ¢ ”gchgilg Ngql S given

i ntravenou , subcut'aneously or intrat n sone e nments, the
dosi ng nirsleigh thahtatgpt 1nna¢®1ub1nblqsllzan®m&1dmnb&)ce 11{t@2¢.‘lﬁl]lar\]!\h]ﬂlée.ﬂﬂle te@@iaquaacvft i body
may be the onI admn SLer et t tg trea he | |l e

el er odth Bt GuBOTHE TSk Ret BB b clhel et B8R e BB

cyt ot 0x4462 asny; an@%lgﬁérbe&laﬂ&u& INZztlazg@iM Scil mm&z)smnmzagm%@) &@efﬁwe\wgﬂ oki ne,
cyt oki ne antag EI st or anti bod vvth fact gﬁ ? grln integrin
ant agort Mt R IR AR HbeRpe (erng gf’ era&ﬁﬂ’f%‘b‘@iﬁ &4 %réoneqfé i

( RAPTI \AAGIghy-8¢ 9D L isad Aivo W(ROI/24H78 ahdl BRLBREALRARI (hefeirdN al pha 4 integrin
anti body such as natalizumab (TYSABRI (r)) available from Bi ogen | dee/El an

Phar maggut i g@,;t,%d,iepg,)dﬁ,w;,p,w,;cm;, he antibody that binds a B cell surface
marker (e.g. with the CD20 anti body). [0201] In some enbodi nents of

combin %M(mgl_ t Jﬂﬁé’ Iﬁp(}{@dstalﬂg aﬁﬁie‘s %Pﬁ%nﬁﬁctﬁr@ QiiP tﬂg%s@ﬁttlﬂveﬁﬂoﬂ %e& 1@5 r§t|3 S drug
such as | FN-bet a- | BIF(r) and AVONEX(r)) or |FN-beta-ib (BETASERON(r))

;o an olangbcpytyﬁhat@slds ucthece@ sarfdce arpsier s pacatly op CORMXANECIGD20; Agcasginglyoxi ¢
agent ﬁﬂ&ﬂocﬁ%o eh?ﬁ%iu?ﬂgntb'\'%mméﬁﬁedh%t hotrexate, cyclophospham de,

chl or anbuci rine; 1 ntravenous i mrunogl obulin (ganna globulln)

| ynp hoﬁ&(ﬁa ’Pl'a‘;% CQQT e L 8Ref &g t B éuctt{oﬁ aFor § Cé/r%én%ggohf%rs %ntabodles < may

Canpat Ine, tota rra
transpltent.at a @clfll)ble temtdf clashakeai « a(pert@n t]médfydqﬁraﬁdm tholdesied epﬂt@dnl sone,

dexamnet hasone, ucor C ncl stem rtico ter id therapy;
nonty N BEgEEEy e R b e peetSroder eyt el SRFt Situhol ar ¢
mof et i lgehddve) orQ&reéﬁ’fdr%ﬂ@(ﬁdlé&f—‘btheﬁﬂﬁﬂngﬁf ) ceh@wﬁderiﬂarﬁkrrlmgefalffoi erahat i n"

cl ass, Whl ch includes cerivastatin (BAYCO.(r)), fluvastatin (LESCOL(r)),

at or vastibadieslbe ewesny jo thpgsskdied i e @VEVACOR(r) ), pravastatin

(PRAVACHOL(r)), Sim/astatin (ZOCOR(r)); estradiol; testosterone (optionally
at el eJ8208) opslsyratiostolipws at ogrempatyrethgiestop §u-picianghy anthedigone

repl acqient, LOFIARY with AR in{QfiofYTPL OMB secondary or related to M5

(e.g., spasticity, incontinence, pain, fatigue);a TNF inhibitor; disease
- nodi fy ng gmﬁ drug (DI\/ARD) non-steroi dal anti infl amrat ory
drug (I\(l Al D lyc J<'§lslz'lf?nap r8!ri%SS| s; | evothyroxine; cyclosporin A, somatastatin

[0209] Polyclonal antibodies are preferably raised in animals by multiple subcutaneous (sc) or
intraperitoneal (ip) injections of the relevant antigen and an adjuvant. It may be useful to
conjugate the relevant antigen to a protein that is immunogenic in the species to be immunized,
e.g., keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, or soybean trypsin
inhibitor using a bifunctional or derivatizing agent, for example, maleimidobenzoyl
sulfosuccinimide ester (conjugation through cysteine residues), N-hydroxysuccinimide (through
lysine residues), glutaraldehyde, succinic anhydride, SOCl,, or R!N=C=NR, where R and R' are
different alkyl groups.

[0210] Animals are immunized against the antigen, immunogenic conjugates, or derivatives by
combining, e.g., 100 ug or 5 pg of the protein or conjugate (for rabbits or mice, respectively) with
3 volumes of Freund's complete adjuvant and injecting the solution intradermally at multiple
sites. One month later the animals are boosted with 1/5 to 1/10 the original amount of peptide or

conjugate in Freund's complete adjuvant by subcutaneous injection at multiple sites. Seven to 14
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anal ogue; cytokine or cytokine receptor antagonist; anti-netabolite;

i nmunosuppressi ve agent; rehabilitative surgery; radioiodine;

t hyr oi decwormio/@sssvher B-cel | surface antagoni st/ anti bodtgT/use@9/0f0202] The
second medi canent is admnistered with the initial exposure and/or |ater
exposures of the CD20 anti body, such conbined adm nistration includes

co-adm d&&ﬁafe@'@ﬂe%ﬂimd@&@ gle_ﬁ%ﬁ@-flﬁts_@ru_flﬂg H&élay?efdi f@ﬁﬁlti%dﬁtit&i. G Eaphe HEBE&UL i cal
formul ati on, and consecutive adm nistration in either order, wherein

pr ef er aliythe Hgar @lajegusy In sapge grehddgaenih iieanisenl s foopted With thecqonipgatg gees

si mul t L : I Di j : YARN! i £y om

i ni Sprarn o SR bR JuM AR B RaR bR o LRI S fifidd 0

cont enptageets Cagpgaiesstlyoatan ba mafle antédngddnans cdiyculfervers pheeia fiysionSusixo,
adninistratuon oftnucheiq>acid en odiqptthﬁ anhjbod i S._enconpassed by the
expr essEBN AN RIS 1T A ER Feft &criVe AUt or an "antPHdy. See, for
exanpl e,. V[g@/O?g?lhfu?ILshed March 14, 1996 concerning the use of gene
therapy o JAHEF%O& THPP48%I | ul ar antibodies. [0204] There are two mjor

appr oaches t efti the nucleic id (optionally contained in a vector)
o e pateflsayibafe e RGeS arBib ST e B tdeosy °t he
nucl ei Gnabddikesl Se.] th Btveehatidi®6edibycdnrRinkRe RpuiaBBA arcUddadlbd] Yindbr Bik€thsi t e

where the antibody is required. For ex vivo treatnent, the patient's cells
are rerdPeaPilaPEExcrREloEPessihlg variaals it paleng piodectiones dheinanegleadl cel |'s and

the modinfib&d, GRharidi o8 IPbShEpRENt & hid6r RASUNENTh& tHGhoMiidect Iy or, for

exanpl e, encapsul ated wi thin porous nenbranes that are inplanted into the
pat i ent"nfogedonad’ igdiciieghe Pharagier ofighe, anib@y2s Becbeanech BIxPGG ofi GFdrete Phere are a
vari ety { avai l abl e for introducing nucleic acids into viable
ceIIs.I$ﬁ&k%g§ﬁﬁF%ﬁ§§ vary dependi ng upon whether the nucleic acid is

t r ansf i into cultured cells,in.,.vitro [ iR VIVO,i tQﬁ cell.s .of the
i nt endalHidst TOFadRE heboBGoied plibhies iy Bt made doitete Bybntoui et firse. 0
manmal idscribed bg Kohlew értal. oNumed, A8 49@ 9uHeorahayl beposiergsecoalbécint DN at i on,

m croi njectjon,, cell fusion, E-dextran, the cal ci um phosphate
R0 e Pin N oo phosp

preci pi ommonly used vector for ex vivo delivery of
t he gene_j retrqvirus. [0205] In some enbodjnments, the in vivo nucleic
acid t _ﬂﬁ#&ﬁ eralnttﬁ%ﬁ%rﬁa@g MHRAUHBOR AR STEE BIPSIPT R SLAN B %}1@5 fof Bdich as
adePOVHg HemuiiddRR heilRs@bel tY él{cﬂﬂymﬂ[oc?ﬁ@ Hac ﬁ%&%'o@-ﬁ@@aﬁdb‘lékﬁ)pr&ﬁ@in
| i pi d- based systens (useful lipids for [ipid-nediated transfer of tﬁe gene
ar e DOPRAbodixopat st SPICLiclY bind ét the Reigin Byed fpnmigpraspr. fdicrshselyt i s
desi r ahl @y RE Al A8 ihRENDUCHSHE, AEhAnSOHS Hentd Riual ABRILIOLRRLILRTGEL s the
target cells; such as an ant|b0d§ pecific tor a cell surface nenbrane
pr ot ei rpugable feing aggetsuciedd polytiylgagtychbro farm e depidmaollf Gedinaridetocbsid
etc. V\y}Fnrtl%ocllil g%ﬁlg;efesaa;lg?%lﬁ(c) ,eﬁ.’59—q§9&£| a%%m%c%%sspid%g))t[ o a cell surface
menbr ané protei N assdCi at €W PR endocytosl's nay
[0213] The hybridoma cells thus prepared are seeded and grown in a suitable culture medium
that preferably contains one or more substances that inhibit the growth or survival of the unfused,
parental myeloma cells. For example, if the parental myeloma cells lack the enzyme
hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the
hybridomas typically will include hypoxanthine, aminopterin, and thymidine (HAT medium),

which substances prevent the growth of HGPRT-deficient cells.

[0214] In some embodiments, the myeloma cells are those that fuse efficiently, support stable
high-level production of antibody by the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. Among these, in some embodiments, the myeloma cell lines are
murine myeloma lines, such as those derived from MOPC-21 and MPC-11 mouse tumors
available from the Salk Institute Cell Distribution Center, San Diego, California USA, and SP-2

or X63-Ag8-653 cells available from the American Type Culture Collection, Rockville, Maryland
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be used for targeting and/or to facilitate uptake, e.g. capsid proteins or
fragnments thereof tropic for a particular cell type, antibodies for

pr ot ei ns whabiwnissrgo i nternalization in cycling, and pPCTAISA®INNASLt ar get
intracellular localization and enhance intracellular half-life. The

techni que of receptor-nedi ated endocytosis is described, for exanple, by W
et al, JsaBi@han btha %Qﬁn%g%uﬂﬂﬁ&e&%%}na c@ﬂ@né@‘%ﬁlﬂ%@fav@t)ee%ldesc%'b@&for Nat | .
Acad. ScL USA 87:3410-3414 §W990) For review of the currently known gene
mar ki nghapradgdine of hemapyomicimalcnlisodiesd Kanensr 5 drimanolall 33:386i(é 1?@661808 813

(1992).

ot bod 35 A" PR e %}’r’dﬁ'(%’?ft%%q[ﬁsg@éﬁﬁ%ﬁ”%&ﬁﬁg@%iﬂod%2;%? sl B
manuf adhar NewfYorthd 9¢hesent i nventi on use, i ncorporate, an antibody that
binds to a B-cell surface marker, especi aIIy one that binds to CD20.

Accor di[azl5}, @mltlhe)dsdiﬁmringéﬁrémrlazbirid@nfswﬂs agrgrowindiiessayietl forlpeodtiesar afbed her e.

for, arttbsaraen iy g JREl ukPuda Form S PRECHE RePrpeafsaibon

t her eofof n@@BEIBhNafghdle paRiséddad Iepilapeceldid Rfdmatned oY Iﬁnmﬁﬁo;ﬁﬂﬂpltah@ﬂﬂaﬂ ly,
cell s expressi ng)hé he marker at their cell surface can be used to generate,
or scr dWnfiRyirodRdinorsas Suchn adiqigRogstay (ReA Brearymslitkedce mar ker usef ul

for genghahbiBometd Rediesiom)! | be apparent to those skilled in the art.
[ 0208] A description follows as to exenplary techniques for the production

of the Gf‘fd]boﬁlﬁeeén&iﬁggfﬁhﬂ @Pfﬁ@hﬁﬁﬂ&@na‘l“aﬁt%oﬁ?@ar@f&%%ﬁhplh rBéQiéEeh‘ﬁﬂled SHhe

Pol ycl onal ant i bodi es 2%) Pol ycl onal antibodi es are preferabl y raised in
ani mal sSCbt;@hmlanalml%O%‘dmnahféodsal( Boyhay., INtX28pE¥80.oneal (i p) injections of
the rel evant antigen and an adjuvant. It nmay be useful to conjugate the

rel evarl02kit i f8er tydridopr otlleiare iti¢rdificd ehaf m@ﬁmg@ﬁbqﬂidsmf th‘teiesiﬁ’écspes'ﬁttib’, be

I muni ze Key.not cyan . bum n, . boyi
t hyr ogl Oﬂm \'A algi/(br act %Fybehae § ({nnpma}l pe Ut e % © ‘t())}f_ hrl1:|1§1| Qﬁlg‘tl%n I%ra%e’(c:l 1es ﬁ%_ gr8\rJvn

deri vathyzstangalaglmnﬁqu {Godiry almzbelpndzimlnebmekolﬁemzzmels asd Pfasuc pp.aPDele est er

(conju rou teine residu , dr ox C nlmd t

| vor ne Rafeiio e 3Pt SifirghaR SRS it R T leberon e O-HIE L g
wher e Rr&PiRb48meddind. i h@ition2 tHeyybSdane&1ls b begrof\w iM&hd ad bRitbdMN0lsZ ed
agai nst_the antigen, inmmunogenic conjugates, erivatives by conbining,

e.g., 100"A%"8t 5 ngy of the protein or conjugate (for rabbits or nice,
respectively) with 3 volunmes of Freund' s conpl ete adjuvant and injecting
t he soll021&n Tha parpsiaral Injibediespgrreied by thyj subgonepaee sypln s¢patagrd frmetheni nal s

are b O%Itﬁg n‘f@dﬁdi‘n,jaééteg ﬁul:LLl{ ér%efu}ﬁ?b?édngéIﬁﬁ)lnaﬁHBHfﬁEglgf)ulﬁl%tnlﬁggtl091 rocedures

such as, for example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis,

dialysis, or affinity chromatography.

[0219] DNA encoding the monoclonal antibodies is readily isolated and sequenced using
conventional procedures (e.g., by using oligonucleotide probes that are capable of binding
specifically to genes encoding the heavy and light chains of murine antibodies). In some
embodiments, the hybridoma cells serve as a source of such DNA. Once isolated, the DNA may
be placed into expression vectors, which are then transfected into host cells such as E. coli cells,
simian COS cells, Chinese Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise
produce immunoglobulin protein, to obtain the synthesis of monoclonal antibodies in the
recombinant host cells. Review articles on recombinant expression in bacteria of DNA encoding
the antibody include Skerra et al., Curr. Opinion in Immunol., 5:256-262 (1993) and Pliickthun,
Immunol. Revs., 130:151-188 (1992).

[0220] In a further embodiment, antibodies or antibody fragments can be isolated from

antibody phage libraries generated using the techniques described in McCafferty et al., Nature,
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conjugate in Freund s conpl ete adjuvant by subcutaneous injection at
multiple sites. Seven to l4days later the aninals are bled and the serumis
assayed fwo20arwasbssdy titer. Aninmals are boosted until tRETIUSE@Y/0FI1aL eaus.
In sonme enbodi nents, the animal is boosted with the conjugate of the sane
antigen, but conjugated to a different protein and/or through a different

cr oss- 1348kisnG 54 AN Clack@nl MERIER B! $52:62a528€1 JRAGEnd Mafke e NAPL BRR! |
culture as protein fusions. Al so, aggregating agents such as alumare
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variants thﬁt ar.i se glﬂg roduct i rmnogorona

. asc tori lln% t10 Vo, [eco 81 atoo as r%rat ns%rugt Ver d%f SUCh
vari ant® “GEREFEN' Y ™M5eT N AT PR T ASH ﬁ nes. " TH P’t%e Fie
" rmnocl;ﬂm@d hbraniuil(mtéﬂsoutsélacahaaca@wﬁ Rds., the26mr1deady93as Thed, tHeed ng a m xture
of discr e or nal .anti bodi es 1] t he .nonacl onal
ant i bodf Eéla dllemativeg ¢ welivgpat m%wéonﬁlemé&%%@ma%g%wwa ¥y Kohl er
et ah, lmﬁtgﬁl@fn%ﬁgdmamb%a@., or may be nmade by reconbi nant DNA net hods
(U.S. Patent No. 4,816,567). [0212] In the hybridoma nethod, a nmouse or

ot her qn@mprn@é BNROH AL wmh@dlﬁ&p bor%&alﬁpmaéy%siumﬂ@ thd A Z8Guese RBr ei n
described to elicit |ynphocytes that produce or are capabl e of producing

ant i bodivamnhiaty- aid lighs pladn eanslan dpniingdn place plehphenepgrug sauing gequences
L mmuni zatd. %teﬁﬁ% %rél%@ﬁelg;}érnsh%@QP%Bﬁv afSsch TEANR 766k | %4)# on

Lynphocytes then are fuse €loma cells using a suita g
agent , sudinthy ommgyetﬂwymnmogblyldml coding s¢qrengeally lpant dbtim codhg se(q®mt|e rﬁ@r a
anocl onal. Anti dlles Prlt%l pl es and Practice, pp.59-103 (Academ c Press,
1986) ) nofld?ﬂl]no UW}PSYPS% cells thus prepared are seeded and grown in a

sui t abl It that rabI cont ai ns 0 re sub t ances
Chat 1 B T SRR R B ootk E S SuB e BB 8T oma cel 1 5.
For examplags of fin koA oe tHeflaragybdidied G kHesyatialtlk dbhginenzongRniiggaoxant hi ne
guani ne phosphari bosyl _transferase (HGPRT or HPR(;% the culture nmedium for

the hyBPresHassieyhaR aripdng ‘Irealt%FfHEPéﬂ‘hW@%H?PH'P CORRTIHBH PRY FMLCnd

thym d'd@ﬁlb(ﬂ'&%lt@@ﬁ{/lﬁé@pecm&& %&Hlﬁﬁﬁﬁéﬁcﬁ§ aﬂftﬁ'éf%ﬂﬁgetnkt%nﬁhﬁﬂg sﬁte(hfavmg
HGPRT- defi ci ent cel [0214] In sone enbodi nents, the myeloma cells are

t hose tshatlfkflt)’sfér@flf{fﬁet‘ﬂnémﬂlgw support stabl e high- | evel production of
anti body by the sel ected anti body-producing cells, and are sensitive to a
medi um(gich Fgnaikedwediodins Anmong t hese, in some embodi ment s, the myel oma

cell Iines are nmurine nyeloma |ines, such as those derived from MOPC-21 and
MPC- 1 102331 s eMethdy &r humanizing non-human antibodies have been described in the art. In some

embodiments, a humanized antibody has one or more amino acid residues introduced into it from
a source that is non-human. These non-human amino acid residues are often referred to as
"import" residues, which are typically taken from an "import" variable domain. Humanization can
be essentially performed following the method of Winter and co-workers (Jones et al., Nature,
321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al., Science,
239:1534-1536 (1988)), by substituting hypervariable region sequences for the corresponding
sequences of a human antibody. Accordingly, such "humanized" antibodies are chimeric
antibodies (U.S. Patent No. 4,816,567) wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a non-human species. In
practice, humanized antibodies are typically human antibodies in which some hypervariable
region residues and possibly some FR residues are substituted by residues from analogous sites in

rodent antibodies.
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available fromthe Salk Institute Cell Distribution Center, San D ego,
California USA, and SP-2 or X63-Ag8-653 cells available fromthe American
Type Cul twioeoal3bss8¢t i on, Rockville, MarylandUSA. Human RgeIUse@Iants1
nouse- human heteronyel oma cell |ines al so have been described for the
production of human nonocl onal antibodi es (Kozbor, / . Immnol, 133:3001

(1984) ;joBrdevke &bicab hivhaPedapRldoMain Ry agliedal 9o E@Q&Hiiﬂfﬂﬁﬁngﬂfé
Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)). [0215]

Cul t ur ewumagizedrintipodins SeMBPPHBYEC dndesinganiciyodrengling todhe grealled ghest-
productd @ f I [ I i i . i In sone
enbodiégnﬁfgogﬁgggﬁkﬁggafggg?? g%%%@g%?ﬁﬁ%ﬁ%gﬁgﬂgp§g%%?%%%?%%g%gg%uced by
hybr i demtiredéirdrg of knadat lemmnnvedaBe-dommm nepreees pitteduiman sgjuetne that i9 dosghtitp o

bi ndi n S ...such as radi ai 0ass Rl A) or -| i nked
rmunodbQar B e RE R % R THIDTRT Rnk Ny in YR SR este
m)nlocl Ojﬂabod'-yr('SinliK}ﬂyil.,CBWfmetﬂﬂ., ;BXHW& %] 093¢, (Cletilas aa died Myl Bloe, &éaaoltlha][ d
anal ysi nson e , Anal . Biochem,k 107:220 980). [0217] After
hybr i ddir%%)e :Xilfjlgﬁlsrr ‘@%B@WFF pipageyl a%%‘&% &eél%‘rffeflﬁ ey ﬂ%ff“%’f’Fé‘S‘&fesi red
speci fighdtee i Hahiad an@tdQbr #pAdiMilhdsubdB8p 61 IS S KABYy BRISHRRbRNed by
limting dilution procedures and %Tomn by standard nethods édelng,

¥

Monocl dREPNSARRS s fexrevmrk pey pr Bieddpiseppralctifierent hymaniged amyigodingdderi ¢ Press,
1986) ) .1 Spi Akl aaﬁub.ts‘éf. ?15*)&?9'@:@28‘50619@52! FreBULRASE M&Wﬂ%ﬁz@%s @yaspl e, D- MEM
or RPM - 1640 nedi um t

I n additrion, e hybridoma cells nmay be grown in vivo

s ascifhess)t T Anhd il I anhORLOL: ThTRRQTh Rl ATk hARdY R, 360 ot o

by the s | ones are s separate mthe culture ium “ascites
fluid, theaigemandythagdamogatid lmnkkichlmroproigdsobubdhrevpthis oat.ab sone gniogiedentes such

as, for _.exanple r ot ei -.Sephar ose droxyl apatite .chyromat ogr aphy, ge
o oot P s TSATBh s, B bR AR g W e SO Gt P BT B R e o g
t he norse@le@falana ﬂﬁﬂédm@ dbsptusl Huﬁgtdizbd’pﬂoﬂwtiﬁlﬁsﬁhfg tafeld-cﬁrﬁqgmaﬁd%dw dfﬁhe
conventi ona ocedures (e.g., si ng ol j gonuc| eof.i de probes that are
capabl @W%?mwngﬁgé?%wﬂhr%o&@é @aéﬁ%%m%&%ﬁﬁ%mﬁéﬁweaﬁwmop ht

chai ns Qhildh dnd@reRbiRed @Sde skilfkd $OIHE aRNOAHPITE PrSarathGre RYALbRARR cel s
serve as a source of such DNA. Once isolated, the DNA may be placed into

expr essllgraigend display pribeble direc-dimensippad aeffapasignil strectires of seleried cangidpieqs E.
coli c LN e .Chj Qe § f el oma
cells ? ﬁlgtﬁl mg bﬁgﬁﬁggﬁgé\%ﬁ isn(gaﬁegptg)ﬁ(;tﬂ(}gési%ﬁﬁ%ﬁ%@%%ﬁ{é%t el enl?k%poﬁ%eb(%fé?{]wt he
synt hegitgduws imhadolcoorahg afith¢ bodides immunhgob@montpienent.ehdstandpdis of Revi ew

oL Soaa RIRLTE TR SERL Ryl RIS EXEIG AT am ooy
Pl ckt huway, FR residues can be selected and combined from the recipient and import sequences so that

the desired antibody characteristic, such as increased affinity for the target antigen(s), is achieved.

In general, the hypervariable region residues are directly and most substantially involved in

influencing antigen binding.

[0226] In some embodiments, the humanized anti-CD20 antibody is a humanized 2H7

antibody. In some embodiments, the humanized 2H7 antibody preferably comprises one, two,

three, four, five or six of the following CDR sequences:

CDR L1 sequence RASSSVSYXH wherein X is M or L (SEQ ID NO. 18), for example
SEQ ID NO:4 (Fig. 1A),

CDR L2 sequence of SEQ ID NO:5 (Fig. 1A),

CDR L3 sequence QQWXFNPPT wherein X is S or A (SEQ ID NO. 19), for example
SEQ ID NO:6 (Fig. 1A),

CDR H1 sequence of SEQ ID NO:10 (Fig. 1B),
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| munol . Revs., 130:151-188 (1992). [0220] In a further enbodi nent,

anti bodi es or antibody fragnents can be isolated from anti body phage

| i brari eswgensy@sisd usi ng t he techni ques descri bed i n MpCafUsesowpsast al .
Nat ur e, 348: 552-554 (1990). O ackson et al, Nature, 352:624-628 (1991) and
Marks et al, J. Mdl. Biol, 222:581-597 (1991) describe the isolation of

nurine and hupRMARE ARSI ESLY FERSERTS VNBIREK M §hAGinPIRAS of ARSBOIBNO. 2|8?,
Subsequent publications describe the production of high affinity (nMrange)

human ant i bdéi egmple SHATANEK LK (Hig- A§).(@8r ks et al, Bi o/ Technol ogy,

10: 779- 783 (199%2), as well as conbinatorial infection and in vivo

r ecombi nat i dAPR$3sequaneg elgyV ¥ ¥BXEoNY YD Whegein éroyX appagisiop9ag &, N Br B dtes
(Wat er house et i ) D246 ese

t echni ques éﬁéngbgb gggﬁﬁ§?§§f§§g§(§géﬁrad|??éﬁg?m%%%%%?% gimgﬁ%%gggy
hybri doma teldhni ques for isolation of nonocl onal antibodies. [0221] The DNA
al so may be nodified, for exanple, by substituting the coding sequence for
human He22A- dEmdCDRgbjueadtaiahoveansgantallg preaém svithin lphaaeradéible highthadol ogous
muri ne sequences .(U.S. Patent No. 4,816, 567; ri son, et Proc. .Natl
Acad. S lg‘]"Lti% Cavy P.(ag‘g%’fﬂi%‘é%ffjs; Sush aB§)~‘]bé‘8{}%‘ﬁIé(r’£éTb@“Tad’i %?P?P&S%Sgéq fraidues of

i munogluahiy llicht GeRiKAEpSRELSHE e(Bl6l), Ad PBdtintRily tHaueRdchge5R0VRIESITOr a
non- i mrunogl obul i n_ pol ypepti de. {0222] Typi ca %é such non-i mmunogl obul i n
pol ypept hdwan hyayy shia siheipuadIf ¥nllDhece@hiest @rr00H B IR sLovmamelaht body, or
they are substituted for the variabl e domains of one antigenconbining site
of an dB¥3&odlp seerecepbadignegtscthe waiabie hspyyateaion naythcdeiasd ©srhyRag lefg cme

anti ge [ DL hte: i ifFci I {20 3@t her

a1 oo SR L AR RE R L O IR ARG B0 ()
Humani segicant indodiiay cpOEmBiegishods for humani zi ng non- human anti bodi es
have been described in the art. In sone enbodi nents, a humani zed anti body
has ond0229] nohsoariembodioicdtsr wsh duidody ntmpdhac e vamdhde hdavy domia sspaneeft hat

i's non- T non- hu j.no_aci.d residues. are often.referred to as
S npor P B NGTRE 8 AR B e U E RGP AR PGS R T HER B
domai n.sedeedoZs31Q ONNCEN (6, 8sEent indlikyl Aewhioh bpdbnby t@privgs dieeormdirdiod of
W nter and co-workers (Jones.et _al, Nature, 321: -525 (.1986): Ri echmann
et al, FHPUFE 3&%@5&?@?0%@@% 1()\%%‘3&3}_99&&8 §%$Aé§]r%‘§§@?§§? K- 1536
(1988) )S1003R fURS Virtable Hagvy ey Md @108 nfofIiRiRo S8 YERERSIOA®) atlpb8tions 32
correspondi ng sequences of a human anti body. Accordlngg%,dsuch "humani zed"
81

ant i bod@er 8f.¢- & MPrang/oant3 bde ey aitlslighvapeain. loomg cgipedisrls. fiper ei n
subst a%ti%aiyﬁil LlIt?ﬁ&ICI Qﬁ’i@o@}pcd ) gﬁl% t 5?1@ cl: blﬁﬂlogcﬂgg(ﬂh Redd@$ SEQQD NOs.

substitute e correspondil ng sequence roma non-nunman Specl es. In
13 or 16, and heavy chain amino acid sequences of SEQ ID NO. 14, 15, 17, 22 or 25. In some

embodiments, the humanized 2H7 antibody is ocrelizumab (Genentech).

[0230] In the embodiments, the humanized 2H7 is an intact antibody or antibody fragment

comprising the variable light chain sequence:

DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWY QQKPGKAPKPLIYAPSNLAS
GVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWSFENPPTFGQGTKVEIKR (SEQ
ID NO:2);

and the variable heavy chain sequence:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHW VRQAPGKGLEWVGAIYP
GNGDTSYNQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSY
WYFDVWGQGTLVTVSS (SEQ ID NO:8).

[0231] In some embodiments, the humanized 2H7 antibody is an intact antibody, in some

embodiments, it comprises the light chain amino acid sequence:
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practice, humani zed anti bodies are typically human anti bodies in which sone
hypervari abl e regi on resi dues and possi bly sone FR residues are substituted
by resi duee 2broqssisnal ogous sites in rodent anti bodi es. [ ®RZA]S200005T18DI ce of
human vari abl e domai ns, both |ight and heavy, to be used in naking the
humani zed anti bodies is very inportant to reduce antigenicity. According to

the so-call ggf h@?@Slf’SSLSAW@QQVTIT@&WWYQ@(P@(A@@QY@@WL%@f a

r odent antlbo ﬁSIS screened agai nst the entire I|brar¥60f known hunman

vari abl e- dorfaY SRS eEDT TR HSALRRRDE A Y dQWIRENPP ST EIKR TV of

the rodent iy Fﬂﬁgﬁ)

humani zed antrgggﬁpig 2@ gngﬁvwgﬁljnnung?ﬂ@@g?@vgg%ﬁ%fﬁ;%ﬁﬁQ%‘@ﬁ %Bet al ,
J. Mol Bi ol ,SKI¥%B8IISSTII8 FKAD YRS HKSY AEE WEH QU8 S PR TESENREH(A(SHQY Bhewor k
regi on derr @ g%onrthe consensus sequence of all human anti bodi es of a
particular s up of light or heavy chain variabl e regions. The sane

f ramewor k Rg% %% used .for sever. di fferent humani zed anti bodi es (Carter et
al, Proc. fl thchegvy L@ uER0 g S%@§§e(1992) Presta et al, J. |mmuno

151: 2623 (1QQQQLVESGGEMVQRGGSLRLS@MASGNWFWSYNBHNMVRQAWGKGQEMBHH&XP

favorabre bionabisaNasaRETSEDELLILEOM s SEN VISR AERNSaMRS men
of the met hogyFpwnaDiae Y BVEY A G AT ATFSSIR TS G (DA AL GC LY RSy 1HEP§Nal ysi s
of the parental seguences and vari ous concegtual humani zed groducts usi ng

t hr ee- di mensY DWal CsVIé?F%\éL%§$‘éh¥§LS%Y| TNEWRMIC B TS EUENEESSNTK
Th di ﬁ?ﬁéﬂ%ﬁﬂﬁ%% Amiet GPPRPNU
faafflarnfgs¥?ose skilled in tﬁg?artqi§8%%ﬁ?ér proé?gﬁgﬁ%?gﬁgeellabpe t hat

illustrate MW%WW%@NWHWK@QREEQQK NNIAR\CBHY b MBHIOVELNS A uCt ur es
of sl ect ed CRAUVARYEITPIDRAQONKEDIREIRNCATPHATRPEENGDPc] MRS Y

di spl ays per ySi's 0 Ie of e resi ues I'n
functioni ng MDIM@WEMGQHENNWMDGWW@DKSRWQQGN@’FS(TSIWs| s of

resi dues that andi dat e i mmunogl obulin to bind
its antrgen%wﬁhgﬁ%ﬁ§$§£9kggﬁﬁ§ggké%%@ﬁgéﬂ§6%) sel ected and conbined fromthe
reci pi ent and |ggprt seq uences so that the desired antrbody characteristic,

such as i ncridd¥ aﬁf@?ﬂ1¥vn?6? PYE¥°R%Er get antigen(s), is achieved. In

general, the ervariabl e region residues are direct X and nost
dibst ant | al v GRVBROBATN O e RSS N5 Na Tl Ar @BeaT Vi abve

embodi nent s, GNGBTBWMRMSW«@V@DYLQWSL@@DMMMVQWsmtyt body.

I n sone enbodi nent he humani zed 2H7 anti bod % r ef er abl ri ses one,

two, three, WEHPYW{QEIENISVSOATIRERSYIGMIHNS 6B IS PMT
sequence RAS\%EV%ﬁ@Z{L%@T‘F%VEQ%@LYELﬁ&@FVPS&G@éTYIéI@{/Nmﬁ( SEQ 1D

NO 4 (Fig. |A),
VDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDV

SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPGK (SEQ ID NO:15).

[0232] In some embodiments, the humanized 2H7 antibody comprises 2H7.v511 variable light

domain sequence:

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIYAPSNLASG
VPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKR (SEQ
ID NO:23)

and 2H7.v511 variable heavy domain sequence:
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CDR L2 sequence of SEQID NOS5 (Fig. 1A), CDR L3 sequence QQAKFNPPT wher ei n
Xis Sor A(SEQID NO 19), for exanple SEQID NO6 (Fig. 1A, CDR H
sequence WO 280OQ3BWV7NO 10 (Fig. IB), COR H2 sequence of ARCYRSHENDISNBIOQKFKG
wherein Xis Dor A (SEQID NO 20), for exanple SEQID NO 11 (Fig. 1B),
and CDR H3 sequence of VWWYYSXXYWYFDV wherein the X at position 6 is N, A

Y, Wor D, andy WE%@%} WA GARISESASGYTHRS U RERIWR REA PG &1 EWV G AXePP| €
SEQ ID NO 12 Q,I%ﬁ 0227] The CDR sequences above are generall
st i { AORIRAN K GBI B mmmmwwwmmww VY SYENences.
such as sub P‘a‘,l, Tk\?’ga@ FR resi dues ofhmanl ht chain
k;ppa sub;rz\ﬁlp %cﬁﬂ gs% ant | ?Lﬁy t he h:Jml;n conseﬁsus F:?gresi dules
of hu av i I owman
;m[ﬁf%g S%Hl% eﬁlbg&gﬁégg@n&ﬁn%m{l%d jﬂb V5§ ¢ %Bt?tleoﬁﬁ 1ngR 1gtggt4c(n9§ d&ég ngg

et al I'n sone e the varia eavy region oi ned
to a hmmmpnkcg&hghmhainansﬁcamdsrquamm wherein the region may be, for
exanple, 1gd@ or 1gG&3, including native sequence and variant constant

regi ons. [ 022QIMTQSBISTES ASMIGIAR WERE(ER A SSEVS I WO KEGRPKPESY ARSNT.ASGabl e

B R A P

shown in Fi QSVFIP\P’PSNEQEKSGWIASVN@LDNNIWME&ES’QWIEVQINAEQS{}NSQEQV"QEQ@S
substituti 0211(‘ % osi tions and/or 10 €. % D56A, N OOA or

Nl QOY, and/ d*DE} 1@%&@%%5@@ %EV?HMSHVEA@ DR Ty (SRR B ami no
aci d substltm;lgﬂ(s) at positions 32 and/or 92, e.g. M32L and/or S92A, in
the variable light domain. In sone enbodi nents, the antibody is an intact

anti body co [RISY e nces of SEQ ID NGs. 13
or 16, and %git/}?ﬂggva’l ﬁﬁgﬂr%n%g$g§§'§éq@eelgé§‘gﬁ§ggqgﬁng%%D NO. 14, 15, 17, 22 or

25. In sone Ea\[y@gg' KB
(Genent ech). EFGFE&[V r%ﬂ% odi ne%%gG%%ETgﬂunam zeﬁéﬂgklegﬁan |J§%¥a€:t
anti body or GRGAGSIWAKIAGHRATISYIHOYKISThYLONNMAARBDT AVYIYEMREMAYS YRquence:

GBS SGSGSCTBE T ol A DRAT WG B AL A6 VEINBIS Y Tang ¢ ne

vari abl e heaw§WaISGIAL TSEIENERAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK

A S R PR ST P P AR e ST PR T MisrTPEV TCVV VDV
SHEDPEVKFNWYVDGVEVHNAKTKPREEQYNATYRVVSVLTVLHQDWLNGKE
YKCKVSNAALPAPIAATISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSV
MHEALHNHYTQKSLSLSPG (SEQ ID NO. 25).

[0234] In some embodiments, the antibody herein may further comprise at least one amino

acid substitution in the Fc region that improves ADCC activity, such as one wherein the amino
acid substitutions are at positions 298, 333, and 334, preferably S298A, E333A, and K334A,
using Eu numbering of heavy chain residues. See also US Patent No. 6,737,056B1, Presta. Any of
these antibodies may comprise at least one substitution in the Fc region that improves FcRn
binding or serum half-life, for example a substitution at heavy chain position 434, such as
N434W. See also US Patent No. 6,737,056B1, Presta. Any of these antibodies may further
comprise at least one amino acid substitution in the Fc region that increases CDC activity, for
example, comprising at least a substitution at position 326, preferably K326A or K326W. See
also US Patent No. 6,528,624B1 (Idusogie et al.).

[0235] In some embodiments, the humanized 2H7 variants are those comprising the variable
light domain of SEQ ID NO:2 and the variable heavy domain of SEQ ID NO:8, including those

with or without substitutions in an Fc region (if present), and those comprising a variable heavy
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GNGDTSYNQKFKGRFTI SVDKSKNTLYLQWNSLRAEDTAVYYCARVWYYSNSY WYFDVWGQGTLVTVSS ( SEQ

I D NO

i ntact arwpDlzotye33ism sonme enbodi nents,

8). [0231]

I n sone enbod

i ments,

aci d sequence: DI QUTQSPSSLSASVGDRVTI TCRASSSVSYM-HW QQKPGKAPKPLI YAPSNLAS
GVPSRFSGSGSGTDFTLTI SSLQPEDFATYYCQAWNSFNPPTFGQGTKVEI KRTVAA

PSVF| FRERIE1iPi Y GHIODNE FRRENCUMEMINALLB GE

SKDSTYSL SSTL TL SKADYEKHKVYACEVT HQGL
heavy dWaiSringgivavablelight deweiaryd@: alteration M32L; or S92A; or
W@%%%F%W@ as a potential source of

EVQLVE
GNGDTS

SSPVTKSFNRGEC ( SE

QrRMYEGR S100aR; in SEQ ID
ID NO 13); and t
321 and S92A; in SEQ ID

WY FDVW\BQREThY FUBBASTIKGP SRt AP EBKS TEBTAAGOIBYKDYFREPVT
VSVWNSGAL TSGVHTFPAVLQSSGLYSLSSVWTVPSSSLGTQTY! CNVNHKPSNTK
VDKKVERBESDK TH sCRPERAREhcOGBEWe LifRKGIK D vl 18Hd REEVORCOY WWidAts based on

SHEDP

YKCKVS

DGVEV.
P PRSPERT

KTKP

NSTY

KPR L

PP

kRS

f amino acid

t he humani zed 2H7 anti body is an
it conprises the PPCgrusS2@asmsam no

he

PSDI AVEWsSNEAREMMYAd THRRMLDSAXES LY bW MDKMSR\WMHAINVE oM e WHEAR HINKY TISSL SL SPGK
(SEQ ID NO 14) or the heavy chain am no acid sequence:

EVQL VESthRRibessan i et ahadtsgeribiy
FKGRFTI SVDKSKNTLYL

VWFDVW%LI\#%@BN

Y

GNGDTSY

NIVVWRQAPGKGL EW/GAI YP

SLRAEDTAVYYCARWYYSNSY
SYSY AMINGSCL VKDYFPEPVT
VSVWSGALTSGVHTEPRPAVI QQQ(?I YSL SS\WITVPSSSL GIOTYL CNVNHKPSNIK

L SPGK

VDKKVEHKGCDKTHTCP EhpiaGPSVALIghOKIDT LM SEFRENTZEY\\/DV
SHEDP DGVE\ PiREEQYN TVLHDW.NCGKE
YKCKV: L PAPI AATI @%ﬁ( ‘-"RI:PQ\/YQIIEE}S(%% KNQVSLTCL VKGFY
PSDI AVBABESNGIRERNYKT TPPVLDSDGSHFL YSKL TVDKSRWRQGNVFSCSY MHEALHNHYTQKSLS
( SEQ IIiBNO—15)— {6232+ n—soneenbodinents, | I i ggl?l—ﬁ—amh—bodwy
conpri 3sJ[es 2H7.v51 |1 variable lijght donmain se §32§%@E§3§A’ K334
DI QMITQRPSSL SASVGDRVTIORCRASSSVSYIMIA QOKPGKAPKPLIT YAPSNLASG

75 IN10OA M32L. S298A, E333A, K334A

96 DS6A, N100A SO2A

114 DS6A, N100A M32L., S92A S298A, E333A, K334A

S298A, E333A, K334A, E356D,

115 DS6A, N100A M32L., S92A M 3581

116 DS6A, N100A M32L., S92A S298A, K334A, K322A

138 DS6A, N100A M32L., S92A S298A, E333A, K334A, K326A

S298A, E333A, K334A, K326A,

477 DS6A, N100A M32L., S92A IN434W

375 - - K334L.

588 - - S298A, E333A, K334A, K326A

DS6A, N100Y,
511 S100aR M32L., S92A S298A, E333A, K334A, K326A
(iv) Human antibodies
[0237] As an alternative to humanization, human antibodies can be generated. For example, it

is now possible to produce transgenic animals (e.g., mice) that are capable, upon immunization,

of producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin

production. For example, it has been described that the homozygous deletion of the antibody

heavy chain joining region (Ji) gene in chimeric and germ-line mutant mice results in complete
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VPSRFSGSGSGTDFTLTI SSLQPEDFATYYCQQWAFNPPTFGQGTKVEI KR ( SEQ | D NG 23) and
2H7.v51 1 vari abl e heavy donmain

sequence: WOQLMASEBAE. VQPGGSL RL SCAASGYTFTSYNVHWRQAPGKGL EW/GAIST09/057151
GNGATSYNQKFKGRFTI SVDKSKNTL YLQWNSLRAEDTAVYYCARVVYYSYRY WYFDVWGEQGTLVTVSS ( SEQ
D NO. 24). [0233] In sone enbodi nents, the humani zed 2H7.v51 1 antibody is
an i nt aghibMoh bpé'}féﬂé erobis Ao thc‘il%nthﬁnéférgﬁkhe%ﬁiaﬁ &M-NRe AGhchosRBUENCE:

DI QVIT QSPSSLSASV | TCRASSSVSYL HWQQKPGKAPKPLI YAPSNLASG

VPSRF SGSESGTDAT SuhSSHEpEDEATRY ORORNE PRI REhS PROEE iRy /Anman antibodies upon

KDSTVSL BT AR VALV QoIS RRELE (BEG TDNE {8 dna t ne

heavy dhsibovine/md, Mouck, SEHUSALS (6P93BHGupEErN@In &7l.0Year in Immuno., 7:33
NCATSTRERAH T BB SKNTL GRS AT AN YA Sy
GNGATS SYRY
WYFD KGPSVFPLAPSSKS VKDYFPERVT
VNS AP TS EBRVL SR S SOV GRS NS RV oA 148155255

VDKKVERKSOPKbi bEHRARABE] duGRmnLah PRICRIS R L Mh SBTPEVI 0NN itro, from
SHEDPEVKFNW(VDGVEVHNAKTKPREEQYNATYRVVSVLTVLHQI)V\LNGKE

YKCKVSNEAMBASP MATR) VAR esOPRESDeA SO BIRE ARy SR meupreegh ¢onors. According to

PSDI AV%%X@QEE&“M@BE?W&ME%%%WMWE%SM A8 NAY J6IKSLSLSPG
(SEQ I D NO [0234] In sone enbodi nents, the antlboﬁg/ herei n may

furt herpr@temgen%@f apfilameriges heasriaphage sudi a M iiber fidt andidisplay ashiangtonplegi on t hat

are ot RSTDaREkEhthe HGL AR DAL T DR BT LS RN A

usi ng aﬁiﬂglﬂfheanﬂmDNﬂ dvpgvfthe Iphage geeemd welsctioBebasadl s thgSuRgibeal tprdyerties

6, 737, 0568l f th b |
e N e e

hal f - | |ﬁr@pertﬁe@rT1ﬁJ>sanH@bHaga nﬁﬂlliksfsbﬁqblbf oo patpeﬂeamythe Bétien gt thlsplay 6931436 such as
N434W See al so US Patf 6, 737, 056Bl , Presta. %/ gf th f__tl bodi es
may f urRCHBIMCIRErAEEY gt for ‘@été’t foptheir HicThsesct-& - Lhpst: Kayip lﬁ%e c region
that ingreap e@m%@%éﬂ’z‘ntﬂmcﬁdgﬂ BN $64-SANRYIB] QG el sdu?d’é§ bf R-gene

substitution at position 326 Ipreferabl y K326A or K326W
segments can be used for phage dlSp ay. Clackson et al., Nature, 352:624-628 (1991) isolated a

diverse array of anti-oxazolone antibodies from a small random combinatorial library of V genes
derived from the spleens of immunized mice. A repertoire of V genes from unimmunized human
donors can be constructed and antibodies to a diverse array of antigens (including self-antigens)
can be isolated essentially following the techniques described by Marks et al., J. Mol. Biol.
222:581-597 (1991), or Griffith et al., EMBO J. 12:725-734 (1993). See also, US Patent Nos.
5,565,332 and 5,573,905.

[0239] Human antibodies may also be generated by in vitro activated B cells (see US Patents
5,567,610 and 5,229,275).

(v) Antibody fragments

[0240] Various techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see,
e.g., Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117 (1992) and
Brennan et al., Science, 229:81 (1985)). However, these fragments can now be produced directly
by recombinant host cells. For example, the antibody fragments can be isolated from the antibody
phage libraries discussed above. Alternatively, Fab'-SH fragments can be directly recovered from

E. coli and chemically coupled to form F(ab'), fragments (Carter et al., Bio/Technology 10:163-
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al so US Patent No. 6,528, 624BI (ldusogie et al.). [0235] In sone

enbodi nents, the humani zed 2H7 variants are those conprising the variable

| i ght dormsiOreowfo38iBQ | D NO 2 and the vari abl e heavy donaiPATAfS2@EQ57181 NO. 8,

i ncluding those with or without substitutions in an Fc region (if present),
and those conprising a variable heavydomain with alteration N OOA; or D56A

and N G@i(190n))DabArdilk (MotRP a@pafli\’ﬂb Pra Qité@%l‘ﬂ@ SFaddir@ ﬁrtnabl e |ight
domai n vvlth a?)teratrllg% I\/BSL %@892 )2 ann SQISZAa |an ’ NO 2. M34

in t he reennibitsingheseestcudfsrenOhep feclifuoy lffa thfa@rowélﬁn oEfenibpdy @@gr%@tSanﬂdlee nti al
t ent i al
source alglr&ttb F%%%%‘F& ?‘Q'c 1ﬂ1(¥ﬂ¥r ‘Pi’lpngthgfs I%g}n% 'Eh(h% aﬁﬁ’lsd of gﬁcﬁgé 19 %tsﬁl\%fec&ﬁlal

substit |on n sonme e ments o e I nvention, aria
regi on lbfffragarena(rstl%\')b%@sé’ﬂo@ﬁ/lm-% \HSGPaa;@nﬂpl 5871814, arrdIdSPat@ntchsécﬂ%ﬁé&s of

vl 6 ex osi tions ,of »Substi tut t ar cated
10 ol B PO a0 s R B o RS oS (R Pl S
t he sarer ¢xagipte. St ImeasSantihadty fafemeh6.maletdel reonbspeedenpbapseifdumani zed 2H7

Anti body Variants (iv) Human anti bodi es [0237] As an alternative to
humani zat)i orBisfediTRAnARIdidodi es can be generat ed. For exanple, it is now

possi bl produce tr ni ¢ _ani ma t.hat are ca abI e, upon

i mmuni gﬁ%#ﬁn ﬁBPecbfﬂ%%ﬁg?‘ﬁ% aye fll%}}hodﬁeéﬁlé$l§adiaggldalrg SREASFHUSHET B3 ES 0 n 1t he

absenceh@éremg@%@ QU ip I PR AR Ut o d¥SQHMCEh @R (Wb A fFE%R P Hes b1t thbBs been

descri bed that the honozy gﬁ)us del eti on of 't he anti body heavy chain 10| ni ng
£

regi on €l pyrfzge merlen Qherraeh anthadicymayPind e Broglhyvaps parkppad]fpgher find a
conpl ets%&dﬁh'dﬁ)f'féréma gefl s%ﬁg&%é}E%Aﬂ%ht%% C.EE&QB% Qlﬁfacérhﬁﬂéfr Bina %a}rﬁe hunman

germline I munogl obu |n gene array In germ Ine nutant mc
resul t may hehmmbingd wathi aprario fthah bimd s toantrie podigesolequisronamicilyepteshal dserigecl! See,

Sabobor P gREliulle & enThPEpslBtbe sRGRMy (e AR MebRA kIS, |

| nmuno .EcyRII:ﬁGDel%a)prlmﬁ(Guﬁ 6Pat &nd fios celm] b ddfehGImechah8hs B3GR Brell.
5,545,807. [0238] Alternativel hage di spl.ay technol Caffert et
i~ Natbris Hrgnassiesh Rogsyba gt Suitts WiGdace ik TG EnYgEEs and
anti bodysdekAIBRBM Surfade MakkeP bintlin@ At AR RO ORL Hiftis\@d dyahibde 63ént dodmai n gene
repertoires from uni mmuni zed donors, According to this technique, antibody

V domai APy ari- miealeamoneinch alkploighicingd shaan. mpoUSX i PHRAIGACHE ADEORE o at
prot ei n,,8RRE pXpedrif b AUBRL Odhshe 11 QPN PQRth SHGIARS oMiRinBily frg%]m@h'&d

di spl ayed as functional antibody fragnents on the surface of the phage
parti cl(eg Bekabspedihearftibbdinent ous particle contains a single-stranded DNA
copy of the phage genone, selections based on the functional properties of
the antlDBBdy Metods s olaking hispedikcaitipndied are keowemeheme ddadigottahprodwttionody

exhi bit] ertie Thus e age m m.cs sone ropertles
of the oé?lgl {ePgtﬁ%hsgem ic antlbf)&les 18 baseg onhh c%ex Essin'Vr B0 1mmun0gfobupn héHy

chain-light chain pairs, where the two chains have different specificities (Millstein et al., Nature,
305:537-539 (1983)). Because of the random assortment of immunoglobulin heavy and light
chains, these hybridomas (quadromas) produce a potential mixture of 10 different antibody
molecules, of which only one has the correct bispecific structure. Purification of the correct
molecule, which is usually done by affinity chromatography steps, is rather cumbersome, and the
product yields are low. Similar procedures are disclosed in WO 93/08829, and in Traunecker et

al., EMBO J., 10:3655-3659 (1991).

[0243] According to a different approach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain
sequences. In some embodiments, the fusion is with an immunoglobulin heavy chain constant
domain, comprising at least part of the hinge, CH2, and CH3 regions. In some embodiments, the
first heavy chain constant region (CH1) containing the site necessary for light chain binding,
present in at least one of the fusions. DNAs encoding the immunoglobulin heavy chain fusions
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performed in a variety of formats; for their review see, e.g., Johnson,
Kevin S. and Chiswell, David J., Current Opinion in Structural Biology

3: 564- 571W029B3B358%ever al sources of V-gene segments camChase@e®dsfisr phage
di splay. C ackson et al., Nature, 352:624-628 (1991) isolated a diverse
array of anti-oxazolone antibodies froma small random conbi natori al

L'i brar yan@fir ¥esteMeRe SehiNERbhliPMH 0RiS RkEBASefinth FIPLRIZEPrdRiER vecthrs, QREr L Oi re
of V genes from uni mmuni Zzed human donors can be constructed and anti bodi es

to a diayerseansfacy inp agpitabiehest readinudiigrreeies fangicgidiesibilenm shutigpihat ed
t
B ol 209 i LI DGk e AR AERRRRR ORB i T e BbegBlipuiotof 885,
See al ghiee PIyPatidathadipsisedindbdbe@SRucting pivEie3hOGBiImUnOisky. IHsnerweant, i bodi es
I d t ti t d B cel US Pat e
5567, avodnd Besobe Soaye dusneid Or B P B EnS e e s RPN SR R RN ques
have beetotetial tpethréwiontoliat IBiSOd&tCﬁdlmpﬁdle @aink roetyaf magenils in high yields

Traditi on%3 t hese f agrrent derived via proteolytic digestion of
Bﬁﬁl ﬁﬁ

i ntact %At TS @5 noé’aﬁlcu PHRIHEISCet al ., Journal of Biochenical and
Bi ophy5| caI Met hods 24: 107-1 17 (1992) and Brennan et al., Science, 229:81
(1985))[0 %m@épmetewé’%mﬂa@ﬁfém BPPEORRN. AP IRRECISIC FRTRASERS @7 Rnogedgf a

reconbiaay nﬂﬁﬁﬁog@(%luhﬁ hedvQlch&ix Al aeﬁrsttmml@g@eaﬁ@yy fnr(ﬁ‘lg ARALSd %F)bﬂ@@ i sol ated
fromthé anti body phage Iibraries discussed above. Alter native Fab' - SH

fragne nm@aﬁowmdlemcqhayl ligh¢ elean par frondim a gesiond binding Keaeilecall ) yp thwtb‘rred to
form F(aR' ) 4al E&Qﬁ@%‘i fhid Qgﬁhﬁ&m ?mgthsezfaghg(elam 00L:a%% o%%eﬂcégsrédﬁogspg&%%) ) -

Accordi ng to anot ragnments can be 1so irectly
f r om r evowbumbingm hmwantcpb]lrrlmwgtotmlm ch@irh@mtiretihm, qu@s pfesenct héarpr oduct i on of

anti bod ts. bea he s ract ner .. In other
enboa o aORPRD el i % oRER AL of BBy it b BRuPRARYLS hG T ek
See V\O(H3ép'la@li85 THiSapgpadeRis dilossd MW O8BMN46amd ofuriat @otdilsND gereriBg, 458. The
anti bo fr al.so be a "linpear antjbody”, , escribed in US
Pat ent S,PS%?géfi‘g’ofl{?F Se&x%ﬂ’iﬁ?"’énpl%ﬁélﬁsﬂ FrdaMedinds Hb’érily’f’?%%égf :%9%@5?8%
nonospeci fic or bispecific. (vi) Bispecific antibodies [0241] Bispecific
anti bodi es are anti bodi es that have binding specificities for at |east two

di ffer qpiqsgPi AGRSENe %mk@aﬁpr&'cﬁ egs@flﬁédqnmtm&l@ N§S5, 78/ 1%, B ifiSrricwo
different epitopes of the B cell surface marker. O her such antibodies may

bi nd t HetvBeaelppir ofipftiedy makckeles epndefenginersed timprxigize dedattetiags & ent B-cel |
surfacg, [Eﬁ%&%ﬁér tﬂt&%r e Y é&bblﬁd?%ént &1P&hthresﬂ{sfoﬁl%%nﬁ§%5 hisPiRdi ng arm
(0] | neé W t ﬁa

may be c an arm't to a triggering nolecule on a
I eukocynterfsqﬂ:cﬂorr@sisa aTleag lalpant @€ dpt(GS domlhmoulae a(ltdoogy c@dRinodongid)In thos Fc

recept OI’estho one Cr;n(grlé(s;l%laﬁ)l hmlsn%carclldagdel: Ir:\l)ls frgrg%él i)nterface of the first antibody
molecule are replaced with larger side chains (e.g. tyrosine or tryptophan). Compensatory
"cavities" of identical or similar size to the large side chain(s) are created on the interface of the
second antibody molecule by replacing large amino acid side chains with smaller ones (e.g.
alanine or threonine). This provides a mechanism for increasing the yield of the heterodimer over

other unwanted end-products such as homodimers.

[0246] Bispecific antibodies include cross-linked or "heteroconjugate” antibodies. For
example, one of the antibodies in the heteroconjugate can be coupled to avidin, the other to
biotin. Such antibodies have, for example, been proposed to target immune system cells to
unwanted cells (US Patent No. 4,676,980), and for treatment of HIV infection (WO 91/00360,
WO 92/200373, and EP 03089). Heteroconjugate antibodies may be made using any convenient
cross-linking methods. Suitable cross-linking agents are well known in the art, and are disclosed

in US Patent No. 4,676,980, along with a number of cross-linking techniques.

62



FcgRIl (CD32) and FcgRIIl (CD16) so as to focus cellular defense nechani sns
to the B cell. Bispecific antibodies may al so be used to |localize cytotoxic
agents t owbRle10®33wl7l . These anti bodi es possess a B cel | PETATSa@e/057151

mar ker - bi nding arm and an armthat binds the cytotoxic agent (e.g. saporin,
anti-interferon-a, vinca alkaloid, ricin A chain, nethotrexate or

radi oaqhrag '@é&%ﬁesﬁ%?%&l@}atm§b§j%%ﬁlcfdnﬁb&ﬁés‘fﬁﬁﬂhﬁ%o@%ﬁagﬁerﬁ eRanRd as full
| engt h anti bodi es 'or anti body fragnents (e.g ab')2 bispecific

ant i bodicesyescriypl4p theNiserpigebs Foiorxample; big)emfwé@bcfdl% capb¢ pspiredusre known in
the ar tche&[}cﬁﬂlﬁrﬁéagé‘]%lrerplgl? QHﬁt chgncgf229uk 8'9@%)%@&1‘%'6% ?&ea Y v&%@{e.}lrﬁﬁgﬂcﬁs i's

based on the coeXpression of two inuno vy c ai n- t chain
pairs, armm@estah@pmmlyuhalynéeahav@ adndrietiait), Epouénts. dhesedmgoivhth h@tredu@e@t at .
Nat ure,. 305: 537-5

(
emnodh BB e AR am SRR S St RGPS PRV R B pr oduce
a pot erfrévaht 1Imel<rhblléﬁ11ﬂfdlshﬁ1délffn’fn&itlemtTlﬁrFab tfﬁa@mefm lcemdtes are ﬂfenWﬁh‘&:lﬁed)tﬂ y one
has t he corr ct bi iCc structure. rification of the correct | ecul e,
whi ch 1topghy alg iﬁiﬁbéfﬂafm’eﬁ. RF %ﬁb%@r@ﬁ%%ﬁyat%ﬁé hen;recqnygrfrgyto the
cunmber §QBEHhiARH retdhﬁldﬂrvﬂm&cﬁité‘étﬁjﬁarﬁfn@ ah®@W.mikd Wt fin %u‘ﬂﬁ@l@ﬂirﬁ&m@()ﬁhe
di scl osed in WO 93/08829, and in Traunecker et al, 10: 3655- 3659

(1991) .othaFal¥ TN eesaliviyiotfomathgibispesibnntpdy. dAe hlsp%cm&lq mydivwm@wé domai ns
with th;% Hegidied a %!n&% ﬁk%&@&fvfshrﬁfnkblﬁ atloR kb santigen conbining sites)

are fuse t o 1 mmunogl obul'i n const ant OITB.I n séquences. In sorre enbodi nent s,
the fu | Sy

corpri PRIV HhAE AR AP AR S RO TLEE oFERSL B ORTy

enbodi rfem secomhmaritlceﬂ tulhgahq;ve(atsalbnercdmsﬂ&dt Far eganopie,(b@iedific amrtt@dms hgvet he
site necessary for ht chain n pr esent ) (el he

£ ust ond e ERLtesHEbiak Kb P RSB E e b REEH e Rty HE2R 2 e b

desi r edeudidteipperpepoigeoipath ke Hoks ghd Tunhoins &k links@ tot @EFAN portisePaETtabe
expressj.on vectors, .and are co- transfcgﬁged jnto a S%At t)le hast or.gani sm

This préVsguantidic b geng jugioppthe;an(dedy hogrodungryyerey dhe MpEI6E PR ons of

t he t hrigeoROhYRARE &R héPgRRMiR IO (RMIRIAIBBIPhMBMnReTHR ImkRMIcas al0f t he
three pol ypeptide chains used in the construction provide the optinum

yi el ds.beilive fongaeyeuctiqasy gpiifrady hempdisises: Thh edidhody ngchnelngs dessibebhy t wo or
al | thrl%ﬁhlpg%k YPAPPLASNGDAUAS. 4P (A 9G¥ RILERISMNT GETro é‘d"arﬁmkn% essi on

of at least™two pok peptide chains’'in equal ratios results in yi el ds
or whe rmetdhamrratfcprosaka@blmecm aplarody dupmentsi Tgwiffagmants eomflﬁ)sz:ﬁzh]ea\rymhsmne

ﬁgg??:j%?m%%% Of L h:& i{)ac% réea?@%qb thlgﬁt cl?laltnﬁ%rgl-él flcls 80@8{3' '9@%' eaﬁ;sn%gergth tlw)%ssﬁgrh O];ng

arm and aaoxhphlrmglba:twe&muhghmbdldamainmwysmmﬂﬂ Agmrdmgﬂal the Walahd Mpr ovi di ng a

second dI1’)Oi ndi n? sf{)ﬁm fici ty% %{;{1 the q Er arm gg,nd t hat }hi s

asy mret PRI O ot MRssnnh e 1ot 8 Pat et ?IB‘FPt"HV 78I JeSPPals Bf speci fi ¢
another fragment, thereby forming two antigen-binding sites. Another strategy for making

bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported.

See Gruber et al., J. Immunol., 152:5368 (1994).

[0249] Antibodies with more than two valencies are contemplated. For example, trispecific

antibodies can be prepared. Tutt et al. J. Immunol. 147: 60 (1991).
V. Conjugates and Other Modifications of the Antibody

[0250] The antibody used in the methods or included in the articles of manufacture herein is
optionally conjugated to a cytotoxic agent. For instance, the antibody may be conjugated to a

drug as described in W0O2004/032828.

[0251] Chemotherapeutic agents useful in the generation of such antibody-cytotoxic agent

conjugates have been described above.
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conmpound from unwant ed i mmunogl obul i n chai n conbi nati ons, as the presence
of an i mmunogl obulin light chain in only one half of the bispecific
nol ecul e Woaviodssssffor a facile way of separation. This &pprusa@d/osast
di scl osed in WD 94/04690. For further details of generating bispecific
anti bodi es see, for exanple, Suresh et ai, Methods in Enzynol ogy, 121:210
(1986)1D£§ﬁ45¢oﬁ6%ﬁﬁdﬁBﬂa&ﬂméﬁ@&h&k(ﬁﬂﬂﬁ@ﬁﬁhlﬂs@&ﬂéhﬁﬂmhﬁdU§HPatent No.

e

5,731,168, the interface between a pair of antibody nol ecul es can be
engi neexbe¢hepgicin Rinpayeasing dpBaten Noagd0BP2(het wichethensy and (at0oanee fscover ed

fromr i t I : d : : I onpri ses
bt o P AR e Lo S fiRtimerd o AU IR HIRBh Qugy S Coni LRI RGfe (OMPIL 2
net hod, m@nenagransine moknwbd (egmitmot &6 dbogi Hemayiaisms nhelgmlds per antibedyf ace of t he

first antibody,nolecul e are replaced wth |larger..si,de chains (e.qg. .tyrosine
or tr yd?%lﬁ%lieﬂ)MaY%%‘gd‘%aaVr gorrfxa‘g%l\f}’i Cicguiersd 1 Ig%?ﬁ'tslsé P VGRS Pf;(arredgcie%é to the
| ar ge MaeSHRahdfeadtedivith erodiicd dndtsody i€hirhérel. faseetestdren SR aond3 anobbpdy

nol ecul e QY repl aci n L%%ge m ng acid side chains with smaller ones (e.g.
alaninéoé?‘¥%?58ﬁVWBI?m> @M%VGWWW§$1a nmechani smfor increasing the yield
of the heterodinmer over other unwanted end-products, such as honodi mers.
[0246] (B3 eciisratiigty Bsdraody dteanieaicr §3eng grakde caicheagusia mdest]cagtice

ant i bodi,BéheafiRlin BXAYRE ﬁmti‘t@&{%ﬁ%fca Nge antrboRd %ume-sﬁmaedﬂ\s& BRAKY 49@l-e can

be coupled to avidin, the other to biotin. Such antibodi es have, for

exanpl elcapeds corespBaEws 1 Bruchry epalpgues alecadighramigie Blal may be vedénslusld, bptes (US
Pat ent - 6, 980), ran I, 1t 1 gt H Vi pf ' / 60, WO
92/200§%®Pm§%g%éﬁ’%éo%b?bgf%@ %6%%%?5%2?éagﬁﬁ%%gd?égﬁ%%&@géxﬁ%gé:ﬁggng any
conveniBat (IK93ssdlliodk eng. GwtchoBeseaBhisBal26- 202961998 )nki ng agents are wel |
known in the art, and are disclosed in US Patent No. 4,676,980, along with
a nunbdf2®l] cEogswalicailyiangvd teginnaguiesnjedB4Rdreclelch narbased owxluge dgpheiering

bi specific antihodies from anti.bo f.ragnents have al so been described in
Cher 1+ el iy s by SRBihert BB Botin Aot PR TSR uei ng
chem calerddinsageicinBt ennaabed Aahain S8b®06ia A GRS, aPhd-s4rdiQ8h)udespidibe a
procedure wherein intact antjbodies are pnoteo&¥tically cl eaved to generate
F(ab' ) ProFRgremin profde PRy algre e iogre PRt QTP AHE apd BAEmpemenoidfa

dithiObh%gﬁﬁiﬁﬁ%ﬂ&;%ﬂ@ﬂEg%@&k%&bﬁ&ﬁﬁﬂh&ﬁMEQnﬁBﬁﬁLé]&ﬁmwﬁﬁggﬁh,dithi0|5 and
prevent internol ecular disulfide formation. The Fab' fragments generated
ar e t hapstggpsiarmherpraxsin, Byt aiskihe Bipdc¢enpB)Sed &rioxamnploe¥O Gidl282 t he

Fab' - T r i i hen reconverted to the Fab'-thiol by reduction
wth WEEEQ%F%g?hﬁggﬁ%%%X%nd is mxed with an equi nol ar anount of the other

Fab' - T vt ' ‘ PR . e
ant 1 bodV 2 pr S GoLiC e iR DB B0l e d W S BRBEH Bt o0 o
of enzymekoly[i024Bjty Vag.iagit®nt@eha bgubd Af addomekdasgsuainds 4 doikgtibangelbasspeci fi ¢
antiboqu&Lfgnents directly

[0256] A variety of radioactive isotopes are available for the production of radioconjugated
antibodies. Examples include A B 1128 Y%O, R6186, Re'® Sm!'?, Bi*'?, P*? and radioactive

isotopes of Lu.

[0257] Conjugates of the antibody and cytotoxic agent may be made using a variety of
bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane (IT),
bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL), active esters (such as
disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido compounds (such as bis
(p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-
ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), and bis-active fluorine

compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be
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fromreconbinant cell culture have al so been described. For exanple,

bi specific anti bodi es have been produced using |eucine zippers. Kostelny et
al, J. |1 wOore10/033848(5): 1547-1553 (1992). The | euci ne PCpAseoopsptistdes from
the Fos and Jun proteins were |inked to the Fab' portions of two different
ant i bodi es by gene fusion. The anti body honodi ners were reduced at the

hi nge regiaai &QedcBiben MONREE Luasdd- D etR. 18oPNbbgiZesbb 1hMpdctihe anti body
het erodi mers. This nethod can al so be utilized for thga%roductlon of

ant i bodsetheaisaitaeangyl-3rmethyiciiydeng trigraipppraleegiic deidd MXpbd PYy it4s| axpmplery et al ,

Proc. | . : ; ( : ' L+ ernative
mechan :\%%%a?%g?gg%g&fioﬁgdnﬁl S 6enc?f3?(§6r§u%%%%é§%§) t?‘?%g)ﬁgé}?\?fgpm%?? géﬁgﬁl t% éﬁlgéorrrpr i se
a heavymaghta av“clearabddlinked Omlitati( Y/ d)ecasorirbe ¢yl okio deug in gfietced iair exaraple il e

domain (VL),.by.a linker that..is.to0 short to allo ai ring. betyween, the two
dormi nee St b0 e RSt e ROk o SRR D AR b s

f ragmend cAlCané@reedrdhd2pd27-134 (1ho)hmag bepdeenent ary VL and VH donmi ns of
anot her fragnent, thereby form ng two antigen-binding sites. Another

strat eqy238yr Nakhigebi, 8 peanf prete@nbpachig theagnBslyndyybhgicugentdlay be
single-chain Fv (sFv) diners has al so been reported. See G uber et al, J.

| munolMadgsog-Pygacombsra echniges pr peptidpHdthesiswi t h nmore than two val enci es
are contenpl ated. For exanple, trispecific antibodies can be prepared. Tutt
et al JO23Hmulrolct anpgier eghodimgnig the agtibody miay dsrcayugie erheceNpdi(ficBat i ons of
the Ants't@ﬂ%dﬁ?ﬁﬁ%iliigﬁ%n% r P%ta&'&%ﬁg Wﬂefe?ﬁh@?ﬁtfb@gﬁr&gptb%nj{%@fé idn the

articles of manufacture herein is optionally conjugated to a Cytotoxic
agent . adovnijtared gnide patich fellwed dotyemenal bieunbowidgpaiugdtetitpnathd cugplaipndemer i bed
in WO2Q0 er-ap (e ] | i eneration
of such Cgéna% %%%%—t %@C?%?%%ngﬁggﬁ# Oé %nﬁg%lgt geggg %‘g{/drgl) llg%gfrls%gréfgg?t%(ﬂg)dag

above. [QRBRic £rn| egat eslicmiiclastidaht | body and one or nore small nol ecul e
toxins, such as a calicheam cin, a maytansine (US Patent No. 5,208, 020), a
tri chot[b2603, &mcnGEddESofaliepradeaninearive mplyatsede kedjegdted Wwith apedagbodi ment  of
the invention, the anti bodtg IS con%ugat ed. tf one or nore nmaytansine

n
ol ecul EEVHBE §N2YAKI CONYE™ ARG S PERikE] REMRDCEREHUSLeH¥r S¢4nt i body

nol eculwps 1 MRYARSANR 0B Ynti-EMLer@MITSLE forRRaEMBVWIE $3H0 1308 Myt SSPMeat NI ch
may be reduced to May-SH3 and reacted with nodified anti body (Chad et al.

Cancer 4¥9edPch 52: 127-131 (1992)) to generate a maytansi noi d- anti body
conjugate. [0253] Alternatively, the antibody is conjugated to one or nore
cal i chd8#1di nThoingrins eqmpopet of aRGhcdoaiigiies Weludesi any eprymerfap#iloef acing an gapabl e

of pr Oﬂdrfgc'}rﬂgingsfaapb G5 56 ANARdv AR ﬁ&'ﬁ%@hﬁéﬂ@ﬂ%&?i&?@& concentrations.

Struct nal ogues o(g calicheam cin that may be i ncl ude, but are

[0262] Enzymes that are useful in the method of this invention include, but are not limited to,
alkaline phosphatase useful for converting phosphate-containing prodrugs into free drugs;
arylsulfatase useful for converting sulfate-containing prodrugs into free drugs; cytosine
deaminase useful for converting non-toxic 5-fluorocytosine into the anti-cancer drug, 5-
fluorouracil; proteases, such as serratia protease, thermolysin, subtilisin, carboxypeptidases and
cathepsins (such as cathepsins B and L), that are useful for converting peptide-containing
prodrugs into free drugs; D-alanylcarboxypeptidases, useful for converting prodrugs that contain
D-amino acid substituents; carbohydrate-cleaving enzymes such as B-galactosidase and
neuraminidase useful for converting glycosylated prodrugs into free drugs; B-lactamase useful for
converting drugs derivatized with B-lactams into free drugs; and penicillin amidases, such as
penicillin V amidase or penicillin G amidase, useful for converting drugs derivatized at their
amine nitrogens with phenoxyacetyl or phenylacetyl groups, respectively, into free drugs.
Alternatively, antibodies with enzymatic activity, also known in the art as "abzymes", can be used

to convert the prodrugs of the invention into free active drugs (see, e.g., Massey, Nature 328:
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not limted to, g a2 : , a3 : , Nacetyl-g PSAG and q (H nman et al. Cancer
Research 53: 3336- 3342 (1993) and Lode et al. Cancer Research 58:

2925- 2928V02988)33587[ 0254] Enzymatical ly active toxi ns amdTiuSaga®stisi t her eof
t hat can be used include diphtheria A chain, nonbinding active fragnments of
di phtheria toxin, exotoxin A chain (from Pseudononas aerugi nosa), ricin A

chai n, gbr4sg (RgehHanRibRWI8EFhCAjUEBRL Ban HR 113k QbR ribd R4 ih F@efiRirdi |
proteins, di (Smt hlnn prlo({agl nks:};Hl Phy%U‘(;g | aca nanelg%anaspro?el ns (lPAPI elP,& 1, and

PAP-S), of srebryine B chmoreall REPEBHODI t or, curcin, crotin, sapaonari a
officinalis inhibitor, gelonin, m togel lin, restrl ct00| n, phenonycin,
enomycilf2&d Thveenzynesonfilie erwe@tlon%e be teyaleay hping, to e @Qb@ymzemmﬁ% hed

Cct ober &ﬁ(no%v%%% he Sﬂ%ﬁﬂ}aﬂﬂee us% oun tete!r(?#%m:ti %Ql rwsﬁm%%?é}zﬁlfs;m%%gsgé a

ant i boc}V conj uga a conp nucl eo ytic
ri bonucﬂbe&s e\ltemaavd]ymlmdmmmseampnsn@ht last the dmt'(geylbiridmguegiemsﬁan doNbe®) .

[ 0256] varie r.adi e opes are | abl e far, t.he production

 aai bl B bORRLE Mol SRlP BER e toftihet ap S T s yenBhEEHT" GO
Re 186, HeebBBructe®mlib3reco@bidia, DN &oaﬂquésa@ulna@wnu@ tHeSBt(9fee8 g ONebbergdr 0257]
Conj ugat es of the ant | bo]c% and cytotoxi c agent may be made using a variety
of bi f uttedPémras! %r@f‘&oﬁ dbl i ng” agents such as

N-succi ni m dyl - 3-(2-pyridyl dithiol) propionate % PDP%, )
succi nilfRed} - Qhenrrdifisitinng shibe AYHDOAE gl consRalpdhe gxsErl, themp i ol ane

(IT), Bhfyunatdend) order h‘é@ﬁét}y 680 AbroidThLOGR? %fy%qe@ss uGh p@ﬁ/efﬂ}igﬁé Bylolapigy,m dat e

HCL), act’ive esters (such di succi ni mdy suberate dehydes (such as
gl ut ar aloth@hyrgéene ghycel, aczlvwa&amwmwlymrs <5f$>01y¢%1y1(epe alzfp@l@bénzoyl )

b1 5. ( p iR ARt LR R AR SERMTHEDRERS such as Fap s I5HIKSY ol yene

2, 6-di |csle©ymmﬁtl%BGmMulbss active fluorine conpounds (such as
I,5-dif|uoro-2,4-dinitrobenzene). For exanple, a ricin inmunotoxin can
bepr epd026h] asTiescibodietdisaiosyil hﬁélﬁl&nz@ltalﬁﬂ he f&imiuﬂzneceasZQaBSmﬂ@9Blp(>ﬂcﬁf&z) Car bon-

14-| abel ed. 1- i sot hi anat o nzyI | di etria nt aacetic
AR A e S AT DR A AR AR e
radi onugl epid Mer iRl hei AL BDAERS (%)\méﬂglelz%GPmmeml M@MVScszWAbe a
"cleavabl e |inker" facilitating rel ease of éM,é%Ot oxic drug in the cell.

For exapl080 (k80 &-ot-HagByaset-H pkierand 6&6&1561%5?@&1 Vetiaa npblisket Octgpstet hyl

l'i nker qar 1@75Eipt)k(gﬁes%fﬁte"ﬂhgﬁc@@cﬁdu%ﬁﬁ tofe@! dis@bse@lin U@apg’[@ﬁt Pﬁ?%@qg @§6 52:
127-1317(1992)) may be used. [0258] Alternatively, a fusion protein

conpri S[bﬂgi]t hﬁarﬁ&hér%fu@ﬂﬂos%ﬁﬁ%@éa@ﬂeCgeﬁtgﬁ@& by ERY B rse phase evaporation method

with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-derivatized
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore size
to yield liposomes with the desired diameter. Fab' fragments of an antibody of the present
invention can be conjugated to the liposomes as described in Martin et al. J. Biol. Chem. 257:
286-288 (1982) via a disulfide interchange reaction. A chemotherapeutic agent is optionally
contained within the liposome. See Gabizon ef al. J. National Cancer Inst. 81(19)1484 (1989).

[0267] Amino acid sequence modification(s) of the antibody are contemplated. For example, it
may be desirable to improve the binding affinity and/or other biological properties of the
antibody. Amino acid sequence variants of the antibody are prepared by introducing appropriate
nucleotide changes into the antibody nucleic acid, or by peptide synthesis. Such modifications
include, for example, deletions from, and/or insertions into and/or substitutions of, residues
within the amino acid sequences of the antibody. Any combination of deletion, insertion, and

substitution is made to arrive at the final construct, provided that the final construct possesses the
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made, e.g. by reconbi nant techni ques or peptide synthesis. [0259] In yet
anot her enbodi nent, the anti body may be conjugated to a "receptor” (such
strept avivwOrP10f038s8at i | i zati on in tunor pretargeti ng wheP€rAISRN/057151

anti body-receptor conjugate is admnistered to the patient, followed by
renoval of unbound conjugate fron1the circulation using a clearing agent
and t hefsiadehRiasikfiddcs e Ui acid GRAREEs al® nthy AW FHsDdradsB@bndl preeREMGaRed tO a
CytOtOXIChvg ent (e.g. a radionucleotide). ﬁ The anti bodi es of the

pr esentanfipynsuch s phapgiak shy fbl@lbéb@ijn@@él?@df W@(ﬁy]atl@r g@pugact i vati ng enzyne
that converts a prodrug é)é%ﬁ a peptidyl chenotherapeutic agent, see

WoB1/ 0102683) Agselnl methpd/or gleniiliatine ef cedpingesiBe or fegrongithp hetibodIIRBAB7378
and U. 1 e

conj ug% %fgﬁ%‘ﬁ@%ad@gssf"gr@ { n%eé?r?els %g%gb%mmfsc%\f&{gﬁ %ggé%?lgr% regggnbl%ggguch a way
SO0 as t@unnongkarh and Wells Scibitcs, Ter1©8&d D83@ P8y Hoteoxresidioomgrogd@BaketEnzy nes

that are.useful. in_t od.of .this nventio . nclud but are

[t edeuges atuiiae o Sidit feh BY BB sBhit s HE moShndi€elBhe ai ni ng
pr odr ugguiriltod nég’aﬁeelsﬂ bh@ged a’;iﬂhyd) sdidl {1absa RISy tlnihe br SOYWAidd) 0gaffect the

sul fate-contai ning prodrugs.into free drugs; 3{t osi ne, deam nase useful for
conver tNREeHYneltbkiping a?lflwrtlae%% These mntgoarid logatipnscdspastragpg gincgonal

f1 uor ougRGh ity (BIR!GRRRFionS HER aRSeBRYN tlht?odﬂ&ﬁ% €Ay off RIS &, or for,
subtilisin, carboxypeptidases and cathepsins (such as cathepsins B and L),

that artke sigep{subpighligombes: whig these e fadentendheiag A Alinp reidsegpsn¢antapafionald dr ugs;
D-al any ré’c%[egrﬂg%gecﬂé hAAReP the%ﬁ{)t QEe &e%ﬁ! S el GcRLAHEL 9% E{@Rpééé%“ ain

D- am no acl stituents; car dr at e- c eaving enzynes suc
b- gal acinelyicdihs @eléwrdlan@nfarmmhtdmsaealgweﬁ gitte, fakarsca:rmmgexrtrandgmghwt@gmydiaised

prodru n fre b- | act anpse Us r.converting dr

Ger i vatrobiha HRR Pl FRRRC aiGa! sk ponmir et ifiee suen
as penidekikddi dotiMryami dase or penicillin G am dase, useful for converting
drugs derivatized at their am ne nitrogens w th phenoxyacetyl or

phenyl F0269]| QghOuiR&id $egSMEE tsdteibk, indlBdCarhih@androd g&rboil- i@ miat ﬁmﬁhy,
anti bodies with enzymatic activity, also known in the art as "abzynes", can

be used2tdn&Brcgth TPRONpFSHRE &gp%xpep%@s AV aRtnEShupdied of mae ra%@liews d‘feélg s
{see, exGhrastRER@YnseNRhY Bﬁsnzglcg oAﬁJmf}é%nﬁﬁ@&?& 1)es1d€&t Epé?ﬁiﬂesa(g%éfﬁﬁna@ onj ugat es

can be prepared as describ herein for delivery o he abzynme to a tunor
cel | padpieramp snslude @2 8@jboty evithap WNriseminpl mﬁh@nvlrm%@m %rﬁh%@ﬁb foepddp ent | y

bound t4 tott&gc ﬁ(ﬂ%%%éﬁgé/ R, rglﬁgﬁ%hﬁl{/gﬁan\@@)lj thgﬁﬁ‘%@ glofeleﬁe ?I{cﬁ &8 g%\t‘ﬂela%n fhe use

of the 1 et ero ctional crosslin I ng reagents ’'scussed
Al t er nahé¢ MebyC-tdrosnus pf greanebaly of emprysicng agtolypepiste thdiencaersesgbasdoimdi ng

regi on .0 n tibqdy of the invention linked to at | east a functionally
active }BLH{%? 8ﬁt%8 ntg)r?%%nzyne of the invention can

[0270] Another type of variant is an amino acid substitution variant. These variants have at
least one amino acid residue in the antibody molecule replaced by different residue. The sites of
greatest interest for substitutional mutagenesis of antibody antibodies include the hypervariable
regions, but FR alterations are also contemplated. Conservative substitutions are shown in Table
2 under the heading of "preferred substitutions"”. If such substitutions result in a change in
biological activity, then more substantial changes, denominated "exemplary substitutions" in

Table 2, may be introduced and the products screened.
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be constructed using reconbi nant DNA techni ques wel |
Neuber ger et cd.,

e.g.

Nature, 312: 604-608 (1984)).

[

nodi f i catwore10ai33isie anti body are contenpl ated herein.
anti body may be linked to one of a variety of nonproteinaceous pol yners,

e.g.,
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J
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ﬁﬁﬂentlfle

d (e.g.,
d by a

char ged

rggigues such

p

qg

Aga2k& asp, his, Tys, and glu)

1 1
e.
Ingd; r epl ace y

Trp (W)

Tyr; Phe

Tyr

Tyr (Y)

Trp; Phe; Thr; Ser

Phe

Val (V)

Ile; Leu; Met; Phe;

Ala; Norleucine

Leu

[0271]

Substantial modifications in the biological properties of the antibody are accomplished

by selecting substitutions that differ significantly in their effect on maintaining (a) the structure of

the polypeptide backbone in the area of the substitution, for example, as a sheet or helical

conformation, (b) the charge or hydrophobicity of the molecule at the target site, or (c) the bulk of

the side chain. Amino acids may be grouped according to similarities in the properties of their

side chains (in A. L. Lehninger, in Biochemistry, second ed., pp. 73-75, Worth Publishers, New
York (1975)):
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neutral or negatively charged am no acid (nost preferably al anine or

pol yalanine) to affect the interaction of the amno acids with antigen.
Those amwo 2auWd3386cat i ons denonstrating functi onal sen®CTiUsRe0p/0515t he
substitutions then are refined by introducing further or other variants at,
or for, the sites of substitution. Thus, while the site for introducing an

ami no aci d SeAMRDSRVAL @b v (VS 1RG edetierime k), PREMAtH &) et mut ation

per se need not be predeterm ned. For exanple, to analyze the performance

of a nutatiqn) gendtotd YA B @), @r%s)?QBW),ﬁsQC),VT%?@?WA@HEW@P&%)Zyi S

conducted at the target codon or region and the éexpressed anti variants

are screeneqsf Qhiqit-h&,dpsidiggeactivity. [0269] Am no acid sequence
insertions include ami no- and/or carboxyl-termnal fusions ranging in

| ength from esl lyy:pept i des containing a hundred or nore

resi dues, aégmesﬁ'ggggﬁtégggﬁdéﬁgg insertions of single or nultiple anino
aci d raghehyes 11 i rtd d-nel. phody with an
Nt er miag 2 oA IRl BB LR AR e R BT e B B

pol ypepbingen sidtehdninimerertidsonal variants of the anti body nol ecul e include
the fusion to the N or C-termnus of the antibody of an enzyne, or a

pol ypept i de (1 hiatdrophobieaSedeutine, Mer, A, Nal, fLelilfee of the anti body. [0270]

Anot her type of variant is an amino acid substitution variant. These

vari ants have) @éuuheastopaitie: @y, Ser, dbt, dshgslndue in the anti body nol ecul e

repl aced by different residue. The sites of greatest interest for

substi t uti ona) aciait:agpn@ri;s of anti body anti bodi es include the hypervariable
regions, but FR alterations are al so contenpl ated. Conservative
substitutioqa)@ﬁﬁ;ﬂnpmﬂ%mH;Table 2 under the heading of "preferred
substitutions”. If such substitutions result in a change in biol ogical
activity, thenehang BihFhrd RhinGhienges: Gignesm nat ed "exenpl ary
substitutions” in Table 2, nay be introduced and the products
screened.Taqgﬁmgﬂmﬁ@aﬁ%h~§qm§1antial nodi fications in the biologica
properties of the antibody are acconplished by sel ecting substitutions that
di ffer 2w f N6RRSAs¥rvhiye DBidu®nt Q81 M1 ERWM MY AOMb&)of bCoiShés Clades Of

t he pol ypepti de backbone in the area of the substitution, for exanple, as a
sheet d%rﬁ@ﬂmédpﬁconfornation, (b) the charge or hydrophobicity of the

mol ecule at the target site, or (c) the bulk of the side chain. Am no acids
may be [@2Bpednnexstanti mgjduconos inyplvad in maigtajning the pyppoprenfarastiarfofttheei r si de

R e &
(1), Prmool¢R)e andipeevehi) gbeifap cfodylinkiviet COMerseR) cysrddvaroged) may ae addall yo he) , Ser
E % ' Tharntilg(-)Qy’ to %Sroggté ste@ﬁrity ((Iprﬁcu'%srgl \gllll\el,)ré thgagtilgo% is( a?’r? an%%(i)cgli f(r:e{gm%%P sugzﬁ))aé Gu
an F'v fragment).
[0275] A particularly preferred type of substitutional variant involves substituting one or more
hypervariable region residues of a parent antibody. Generally, the resulting variant(s) selected for
further development will have improved biological properties relative to the parent antibody from
which they are generated. A convenient way for generating such substitutional variants is affinity
maturation using phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are
mutated to generate all possible amino substitutions at each site. The antibody variants thus
generated are displayed in a monovalent fashion from filamentous phage particles as fusions to
the gene III product of M 13 packaged within each particle. The phage-displayed variants are then
screened for their biological activity (e.g. binding affinity) as herein disclosed. In order to identify
candidate hypervariable region sites for modification, alanine scanning mutagenesis can be
performed to identify hypervariable region residues contributing significantly to antigen binding.

Alternatively, or in additionally, it may be beneficial to analyze a crystal structure of the antigen-
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(4) basic: Lys (K), Arg (R, Hs(H [0272] Aternatively, naturally
occurring residues may be divided into groups based on common side-chain
properti &80 20M0y03B58dr ophobi c: Norl euci ne, Met, Al a, Val, PCENS2000/05712)
neutral hydrophilic: Cys, Ser, Thr, Asn, @n; (3) acidic: Asp, Gu; (4)
basic: H's, Lys, Arg; (5) residues that influence chain orientation: Gy,

Pro; (Q%ﬁ@&@ﬁ%h%ﬁktJREnd@%BmaBQ%nniQ%%&%mﬂ@ﬁﬂﬁ@&ﬁﬁm%ﬁﬁy%ﬁS&%Q%hhautiOnS
wi |l entail "exchangi ng a nenber of one of these classes for another class.

[ 0274] rAnduce prd riighdoriag fedidecsase candidgley & spplifpiion redordingtotthe tephigies

conf or i . i i : I i

ceri ne bRt e QREVANI AL 8 PRERR SRR i AR EUY st

aber r ant descobgl hanéin agyl arfGbndies with yypeoysirepanecsho nok o) merayelbenadded niay behe
antibod¥1t9 'Egrayedit§ stapility (particularly where the antibody is an
antibod&efﬁggj At CUey BB Fv fragment). [0275] A particularly preferred
type of stitutional variant. involyv substituti one .or  nor,

nyper vAPPHRT e pellin g ar SR B MR T B Bty Poedig Sy e

resul tipagemar tnh(is)dyssidcliethd i@acluddsrdefeahg oeyval paeabomidtdie Maxded fopidved

bi ol ogi.cal properties relative to the parent anti body fromwhich they are
gener atiBée atiplyy e @ rddigagng grmepe sbicatiaign sienhd grsstat pisssno e gatthodht s i s
affinité mat ur ati on using phage di splay. Briefly, several h gervariable
regi on [8#1ds lycgylagion ok pelareplidgsds iicateeithep Noliitked gt @-liaked- &é ghegirgeini no

substi t i ORSclenfaCH. §&B&1fydﬂék\:em6i@$ | BADsieARh AR 8n PR BERGIREEfhAr €

di spl ayed in a nonoval ent fashion from fil anentous phage particles as

f usi ongripeptitlhscqgenses sphraginodiedring fndiisPagpgiok-agdcopinehvhere Xk appaginine keid  The
phage- di sl var i . . ' al ogai ctivity
(e.q. %%% f %%g%f%%%?3%3%@Eﬁﬁ%ﬁﬁﬁméﬁégggggﬁgg%ﬁkgﬁééPPP%C?%QH f?@ candi dat e
hyper vansialylie theagpavapisi sideschhiar Thosdiht peaticenf cidleaol these sg@philaigqnatcegienesi s
can be rforped to identify hypervari .e reqion . residues contributing
Ot 1 IR P el oA e S o Ry SRR ARG S
be beneffiog¢ at tht uARN Yz 1Qletoyshiat, Slacted, U fylode b h@yaidky Ganandid ey conpl ex
to identify conLac%aBoinIs bet ween t he antjbodé and antigen. Such contact

r esi dueSTRHEBDNETIHH BOPICRBINE 4P oS - BB YRFNE AT Y4By et Ybq ¥ssdcor di ng
to the techniques el aborated herein, Once such variants are generated, the
panel dP2TRdr i AAdison of Putordaiaesiienlodhs Buipdyisaenwaiserly sreamrbvhed R aliering
ant'bOdh@éan%Hd%&ﬂéﬁ&ﬂhdp&ﬁpﬁé&ﬁﬁﬁs&ﬁ(Qﬂﬁm@6ﬂﬂpaﬁwéﬁkﬁﬁﬁaiu@&ﬁﬁ%s may be

sequences (for N-linked glycosylation sites). The alteration may also be made by the addition of,
or substitution by, one or more serine or threonine residues to the sequence of the original

antibody (for O-linked glycosylation sites).

[0279] Where the antibody comprises an Fc region, the carbohydrate attached thereto may be
altered. For example, antibodies with a mature carbohydrate structure that lacks fucose attached
to an Fc region of the antibody are described in US Pat Appl No US 2003/0157108 A1 (Presta,
L.); see also US 2004/0093621 Al (Kyowa Hakko Kogyo Co., Ltd) concerning a CD20 antibody
composition. Antibodies with a bisecting N-acetylglucosamine (GIcNAc) in the carbohydrate
attached to an Fc region of the antibody are referenced in WO03/011878, Jean-Mairet et al. and
US Patent No. 6,602,684, Umana ef al. Antibodies with at least one galactose residue in the
oligosaccharide attached to an Fc region of the antibody are reported in WO97/30087 (Patel et
al.); see also WO98/58964 (Raju, S.) and W099/22764 (Raju, S.) concerning antibodies with
altered carbohydrate attached to the Fc region thereof.

[0280] In some embodiments, the glycosylation variant herein comprises an Fc region, wherein

a carbohydrate structure attached to the Fc region lacks fucose. Such variants have improved
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selected for further devel opnent. [0276] Another type of ami no acid variant
of the antibody alters the original glycosylation pattern of the anti body.
Such al t ewDreg10/a3sisades del eti ng one or nore car bohydr at @CwkaiSeaw®s7ifound i n
t he anti body, and/or adding one or nore glycosylation sites that are not

present in the antibody. [0277] dycosylation of polypeptides is typically

ei t her AptemkReRIOfohhRK el Fehedibn kel @hfiSest Re b fioft e H BB Eu@fll_trl]lhb@s

car bohydr at e noi eté@to t'he side chain of an aspar agi ne residue

t ri peptthefeingducheliebey imgiare Ad1(He foc axemplsesuhpidutans at pesitivas X8 BPdend/e, where
Xis ar%zt%ﬂh%%f}%&'n @ﬁ%ﬂﬁeﬂﬁ%ﬂb@ﬁm&f@f ¢xhilife! %ﬂ&e{tfﬁi}@reﬁ%@'{gnces for
nt of the c

enzymati c attach Ate nbiety to the aspar agi ne side
chai n. “Thiusgsytad” pr tleerseclebficw’ Elﬂltl:'hOd@?E ichide:dJ$ Patpappli Ne. SeaUBAteg1i(dh a

For or o b Il PR TREVBT bk B iR Bl Rk By Py e B ERRRY O
gal act ase20001005364204 &, WS0840y BT IR XA STHOALI dy70mMS | USZOAON | (25341 ne or

L0275] ipTBARFR L DY ELREVRAT: WRRadse 7 He Ry e RoRdfefa Y

acconplyshgsinO RN nBIHiMG (RRQ\ A (A& s Paii6h) SORMEIICR o5 UCHIok BRY. 33k: 1999111@49% one
or nore of the above-described tripeptide se&)uences for N-linked

gl ycosy P ohangnedhnukimgi gl z!ﬁlctté%{fios'ﬁg ¥ayo 14 (3 sjof celblgnea gepdeging of |
b
or su %ehfc?&;’tlﬁéh Qﬁﬁbo&l&eﬁng’lﬁd@% ayﬁ{q Bk 1&@;&@@&0 %fu%é%y%%ﬁ ﬁgkm L

sequence 0 e original anti |n ed glycosylation sites).

[ 0279] AMherBBod/lam. Biaplbodhy: iﬁérﬁ&ﬁl(%)dﬁ%mgNoﬁJS ZGﬁ)é/Odé?ll@BWdP@Ef@ bkt t ached
t heretq arrpl e ti od| tur ar bohydr at e
struct rd Y Rapo PRI oA, S S PEDEr A0 LRSS 4 b S TR S BRERY & o
escri Ipha- 118SfubPady 1 tApgfkrabogdd. batil el Waﬁﬁr&, Ohnukj ersgBiakso U

d bed ;S gk S PODSkdEEAL OBION: Ks K 1212 S
2004/ 0093621 ﬁ%@m@ Hakko Kogyo Co., Ltd) concerning a CD20 anti body
conposi 1pg8: AR s vvi th a bisecting N-acetylglucosam ne (G cNAc) in

t he car te att 0 an Fc region of the antibaody ar, ef erenced in
W03/ oﬁ?@f Nydeif anid |“%° ffcu cpgod m&ﬁ&“‘%"sa%%eaﬁ‘incﬂl&am@t% ee%l&!'go ifiha et al.
Anti bo%rﬁﬁaréﬁ' Hyhh vatiely@RSletRAS K SR PR RSH . MBSIIMEhdHR 1ﬁc|11ﬁ1e0$dt ARSAE GRAEL @e
attached to an Fc région of the antibody are reported in WO7/30087 (Patel

et al .)isolalia gy naymaBimegain (hregse of BYrabnecowngg/apPeeri¢ RaPeRce Sarjants)
concer Q gi on
hor sof " B3R )T B R PR B R AL RER LA, PulBel b

conpr i sesscanmBggeregis ohan euhnlesr @rapamd gan o hyadnat-eargint vection ¢f the tibhéyd to t he Fc
regi on | acks fucose. Such variants have inprovedADCC function. Optionally,

t he Fc [AZ82] onltinaytbhdesicblpe eedy drenbbodysi ¢heanvantomwith repds td dftecioons

205, 334 Uit 0 3505 <ap R 8 ki el RS R BH AR B Bl oo

of publdosptdn@nsddpehdhed dioxicity (CDC) of the antibody. This may be achieved by introducing
one or more amino acid substitutions in an Fc region of an antibody. Alternatively or additionally,
cysteine residue(s) may be introduced in the Fc region, thereby allowing interchain disulfide bond
formation in this region. The homodimeric antibody thus generated may have improved
internalization capability and/or increased complement-mediated cell killing and antibody-
dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med. 176:1191-1195 (1992) and
Shopes, B. J. Immunol. 148:2918-2922 (1992). Homodimeric antibodies with enhanced anti-
tumor activity may also be prepared using heterobifunctional cross-linkers as described in Wolff
et al. Cancer Research 53:2560-2565 (1993). Alternatively, an antibody can be engineered that
has dual Fc regions and may thereby have enhanced complement lysis and ADCC capabilities.

See Stevenson et al. Anti-Cancer Drug Design 3:219-230 (1989).

[0283] WO00/42072 (Presta, L..) describes antibodies with improved ADCC function in the
presence of human effector cells, where the antibodies comprise amino acid substitutions in the
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"defucosyl ated" or "fucose-deficient" antibodies include: US Pat. Appl. No.
US 2003/0157108 Al, Presta, L;WD 00/61739A1; W01/ 29246A1;

US2003/ 0MBeetAB358US2002/ 0164328A1; US2004/ 0093621A1; UBZOMSL@B2ME0AL;
US2004/ 0110704A1; US2004/0110282A1; US2004/ 0109865A1; W03/ 085119A1;

W03/ 084570A1; WO2005/ 035778; WO2005/ 035586 (describing RNA inhibition

(RNA ) Rfredibg Bedbalh Qihhe etk @iEakis, Be eﬁ&hbod%l W1M)1|mpr&’e@|AD@@@0ﬂli 333 1249 (2004) ;
Yamane- Chnuki et al. Biotech. Bioeng. 87: 614 (2004). Exanples of cell

lines prbditeiongalchesiions3fSadiy anter BAdH & licriegipridn pesae asbadirreristesligestli ci ent

( 1956y U PR NP AT LTS BER Bradlins M PRI AL RER R 4880 oces 12
Al , Addhmre ef thade.posiispeci al | y at Exanpl e 11), and knockout cell lines, such

as al pha- 1, 6-fucosyltransferase gene, FUT8, knockout CHO cells
( Yamand0Z3#ju kj\nte'hodiazls witBi attted K1q Bindlgregind 87 corbildm¢r2 @Odn}ient [cP@8k]citiCDE) ¢ aci d

or cpar 6Bt 85 Bt PR TP AR ERE Do o LR B ten B EP R AR BB et e,

but ar ePan@t Nbi 6151862480 and 88| RtdnONo f 6,598, @4NMRIubG M e/SOYUIEE afiifddideonpse of
naturally qccurring. am no acid sequence variants)_or fre aratiqn by

ol i gonuE1aEBET e I HH ¥R 0BT OSPPE-dPRECH) PP BigEiledts P PER Mt atfenesi s,

and casgethoMmiagenes Sqoh cRiogarl i er prepared variant or a non-variant
version of the anti body. [0282] It may be desirable to nodify the antibody

of the rpsysgNt YOl hE ESRAGLI TR SicheGkiBhdy, HH&%@&co@o&te a%%lv%%e lRefRhance
anti gen-dependent cel |l -nedi ated cyotoxicity ( [ or conpl enment

dependémdieyeropxingt thy agt@pdy (aspecidily aaratliﬂmddiragmhnt% andeperfed ae Hdwedl by

i ntrod Stk fpan
ant 1 body R Teeh ST AL b RHRSSNL [l ol G BP AR Bl
introd wtpﬁdpel of thdhlee ﬂégion efaolyG mblecidbye. Al IgGw'Ig@z, Lglte Dﬂﬂg@ﬁhﬂtllsttb[ﬁﬂndﬂ)lebond

| mor ovedh PHESPRAP ST Ok BT T otety B ot Al SRR bR o -

cel | kildrkgign apetonmid 1b@éase@p@mdehatf 1i5ed drhBb desyhsédqmwoowim@@ﬁ)estaﬁgﬁ Car on
et al., J. Exp Med. 176: 1191-1 195 (1992) and Shopes, B. / . [ mrunol.

148: 29 J[Bzzaﬁ 2 2EA h@R7. antiOs iRk iR thfee @R mok&q@te@@awy thurpRfanserthn@béd bihGABr

activity may al so be prepared using heterobifunctional cross-1linkers as
descri Bées ¥k aw) Feteraplatggl (U%éﬁE]@rN‘R QYFH538L a6 MkE5 ¢11993) .

Al ternativel an anti body can be engi neered that has dual Fc regions and
may t hefleby MHuvmaesntisridwamalsfigrenent |ysis and ADCC capabilities. See
Stevenson et al. Anti-Cancer Drug Design 3:219-230 (1989). [0283]

W000/ 4402871 ( PFleasansutiq foymaledensioh g aarbidirsdisedsingiecidangp Mk éhe ABET f unction in

:[312 ?dpgg st ﬁtgrlljfglfeg tJéLsbglﬁﬁ f(t?[{lsft QgeGJ g| ondgtsdﬁer eof ; hltat)lﬁg g{%édegpﬁoaggregg ,IW ﬁlétﬁm "

ant i bodytinndl pharnpc@mezdlymtabdﬁqarmfge$X01plents or stabilizers (Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized
formulations or aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to
recipients at the dosages and concentrations employed, and include buffers such as phosphate,
citrate, and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens
such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (less than about 10 residues) polypeptides; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino
acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating agents

such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counter-ions
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substitutions at positions 298, 333, and/or 334 of the Fc region. In sone
enbodi nents, the altered Fc region is a human 1gd Fc regi on conprising or
consi sti ryoabh10g03Bs8Ti t uti ons at one, two or three of the®eTAs3IMiosNsT [ 0284]
Anti bodies with altered Clq binding and/or conpl ement dependent
cytotoxicity (CDC) are described in WX9/51642, US Patent No. 6,194, 5518l

US Pat egtnh MOdi@mZﬂ%talgé%ﬁlexe@ A gaZIﬁ%ﬁ)teNPconﬁ)lés%§ mlnoﬁﬂ%lﬁrﬁ@{aﬁt@%u&p

6, 538, 124 dusogi e et % he anti bodi es conpri se an am no acid

subst i taatiVORENTY. EREREINIMH 6 oppolyathdencadycdl @d$Dt i ons 270, 322, 326, 327,
329, 313, 333 and/or 334 of the Fc r?%ﬁon t her eof . [0285& To increase the
ser um HA2E8]| i Eeenarflary jaati- A20padyody dprenuhatipns are dejsobed i@ WO8EPGHFe Thiscept or

descri BuiBRELbE MBI EFRET b ARIFRL Ao RV LR AO R M 20
"sa:vgg&e%ggﬁ?gmMghmam&ngS@@b@mp@ﬂuﬁeﬁé@@%nmbagmemuoangdﬁrgmﬁﬁﬁgiLFglﬁgrof
?Rcr gastpnlrt‘)?@“‘ffﬂéheilﬁlngf/BVoslgﬁﬂ[fﬁf%gﬂefatF 8%53 éi“"‘thﬁreaq’l b@%&’é@ﬁagm ‘Kﬁ{“ie%tdi es wth

subst i tadhipBRS 10MeARL Reukighb N9 b8P o@0M dheiie asems I BdAh Eitthieves are
al so descrlbed in WO00/ 42072 (Presta, L.). [0286] Englneered ant i bodi es

wi th t Hilerase. Onpedmimobpebats| $@d¥$ﬂ¢ﬂﬁ@¥maﬂawdanmp &-bi ndi ng S|tes are
al so contenplated (US Appln No. US2002/0004587 Al, Mller et al).
Phar mad829] c al-ydpbiired Ermslagorsggmd fonsyhgpangdus adrpiisihder an dessfibadia US

tib df
CLor ag8 by ey Ho AR A ¢ BB RS b PRATO AR ont PHER: LT PR

opti onashltqlﬂiadlmetutamgi pryteacmepinablien zm@lrtha ersstiesedi fpimanidtenonaydteabi | i zer s
(Reningﬁgg S, Phaﬁpaceutlﬁg SC|enc§§ % %ﬂbtlon Csol, A Ed. (1980)), in
the for ?SPﬁgﬁthaE%HS ?Hﬁf%?@% 08y " §dTsol uti ons. Acceptable
carrier XCL.pi e or bi | rs are nontgxic to C ts at the
Gosaged020 chRERTLIe 3 bt A DRE T Culirbidl e R ssthbophat o,
ci trat aJS 200d/mBBEIOAQr(GRdHos cAgli)dS; anti oxi dants |nclud|ng ascorbic acid and
met hi oni ne; preservatives (such as octadecyl di net hyl benzyl ammoni um

chl ori de291exaneoRamhtdn Kadif hadl@lso BeMZia kRO i EDA@KE B8nplAad aEhReRLLYM
chl oride; phenol, butyl or benzyl alcohol; al kyl parabens such as nethyl or

propyl (pathapatculazipdicismn:bejngdisaterl.ip pome iapeshiasith shose 3thsamaksientaghd
M CT €S0 ivitikOpa R e éﬂvéfse%'ﬁgateaéﬂ @cﬁér FhaRaapRut mkf bE 8SidMESd fup@Lypept i des;

proteins, such as serumalbumn, gelatin, or inmmunoglobulins; hydrophilic
pol ynmerpgowdichesdstopio lagesit; r@lblpytﬂlm@pmﬂlo meentammmoampwsswm@g@ntasytghymcmé)kme

g: g;gg‘h ﬁl?a;g%rﬁapo%f?tg}oﬁﬁ,r%?&@g’?(gbﬂ; ﬁ%mg{ng‘s ﬁl{le i ufd&'e%ljn)’ gr{t%g)nlsm%%§§&0§/2ar ! eﬂlre&

dext ri AdiA-¢ hetitaidy Rgchag efEﬂlzumabeAPTIVA commercially avallable from Genentech, or an
alpha 4 integrin antibody such as natalizumab/TYSABRI®) available from Biogen Idec/Elan
Pharmaceuticals, Inc.); interferon class drug such as [FN-beta-1a (REBIF® and AVONEX®) or
IFN-beta-1b (BETASERON®); an oligopeptide such a glatiramer acetate (COPAXONE®); a
cytotoxic agent such as mitoxantrone (NOVANTRONE®), methotrexate, cyclophosphamide,
chlorambucil, or azathioprine; intravenous immunoglobulin (gamma globulin); lymphocyte-
depleting drug (e.g., mitoxantrone, cyclophosphamide, Campath, anti-CD4, or cladribine); non—
lymphocyte-depleting immunosuppressive drug (e.g., mycophenolate mofetil (MMF) or
cyclosporine); cholesterol-lowering drug of the “statin” class; estradiol; testosterone; hormone
replacement therapy; drug that treats symptoms secondary or related to MS (e.g., spasticity,
incontinence, pain, fatigue); a TNF inhibitor; disease-modifying anti-rtheumatic drug (DMARD);
non-steroidal anti-inflammatory drug (NSAID); corticosteroid (e.g. methylprednisolone,
prednisone, dexamethasone, or glucorticoid); levothyroxine; cyclosporin A; somatastatin

analogue; cytokine antagonist; anti-metabolite; immunosuppressive agent; integrin antagonist or
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such as EDTA; sugars such as sucrose, mannitol, trehal ose or sorbitol;
salt-form ng counter-ionssuch as sodiunm netal conplexes (e.g. Zn-protein
conpl exesw 2ar0di38887non- i oni ¢ surfactants such as TWEEN( PGJ/USPAWYRENECS( t M)
or polyethylene glycol (PEG. [0288] Exenplary anti-CD20 anti body

formul ations are described in WX8/56418. This publication describes a

l'i qui d gxubddydesear I%M'a%lb&l@ GRRRY étﬁhiﬂﬂlaﬂ%r AR ARk RiddbinMRBbodgudiMsacet at e,
150 mM trehal oSe, 0.9% benzyl al cohol, 0.02% pol ysorbate 20 at pH 5.0 that

has a rakiliAgmatyHesianothpr oo surfage %mlsgarmba@b ctgrin phegBanulingt kg tyapand CD20

f or mul

R R R D BT S RSl A
St eri | ehdMrianlafiqn, thertypmcuf rmritlplplstlﬁroas b@lﬁg8@qte¢ymp¢ildlqatpdamdcmf gtei ons

adapt ed_f.or bcut aneou m.ni;stration ar

6, 267, é’@ée‘t‘% ya &t ge&?”ﬁy “%?u SLRAY |dPSa%%saanfwﬁ%_i‘}dﬁlmg‘ﬁaéloﬂé"‘“%s ol
reconst}ietdimefbw\mt dboat Barh tl ab be% dif theawtetdforc@nipl@bd poagel n concentrati on and

the reconstituted fornulati on nay be adm ni stered subcutaneously to the

mammal [p2oAe TheatiedindeiRniR. mdyQtddNe calrysladlid dedodhpsuls pafpatciefoastinphgdy or
anti body are also contenpl ated. See, for exanple, US 2002/0136719A1 ( Shenoy
et al) .bBY[Oo1yatiohEChyavAs o5 PY &ﬁerf?é}aépﬂywaap%orc%ﬁmalen nore than one active

CO”DOUQHIdﬁ)%yﬁ@t%§}%§1ﬁﬂ¥se o gelﬁtﬁ}ﬁmﬁ’c%ctabﬁﬂés%d !pBF}L(%EHyﬁﬂet%yﬁg:) &8t Huled, N sone
enbodi ménts, those with conpl ementary activities that do not adversely

af f ect reﬁ)éﬁw@im@rcollp@ﬁl dyaglivery Si}’ﬁtelfﬁi&ﬁ/fob@(aﬁ@éq Hagsoaes, glugin pegrosphegs.de a
cyt ot oxj ¢ R8GRons %ﬁgﬁ%&%@ a'_ncha?oWt nfm&&?&ﬁﬁﬁ’ n%sﬂcﬂ%ecﬂggﬁég arE YL OKi ne;

cyt oki ne "ant agoni’st anti factor ornone; inte integrin
ant agoniigtosed 1na‘?erhgwys (’Imrgzac@tncdl&iendﬁsaﬁtluddadm Qerd A dgl. €F9’D). zurmab/ RAPTI VA
commercially avail able from Genentech, or an alpha 4 integrin antibody such
as nat 4029 mabdstayisABRIe dse)prepamagivhabhyebd propar®i. Sgeabld ckasypklk aﬁsﬁharedaeleasti cal s,

Inc.); interfero | ass drug ,suc F REBI F(r) and AVONEX(r))
or 1 FBEEES PRen Ry Tl ot b Bt et el e A acet i &
( COPAX@NEGGdy) whicB nitic@t @e¢iif hrgem ofsshapbdastidist @ ailink Qiteni CRMANERONE(r ) ) ,

nmet hot r exat e, cycl ophospham de, chl oranbucil, or azathioprine; intravenous
i munodt 3Bl o Rt %ﬁ%@ﬂﬁ?ﬁ-@?% aates incldp Rel et s diiogsl @foa?wpéee Py(2-

m t oxaniuRR ethﬁ)/rﬁétﬁ)&?ﬁ&@ﬁ%Pb&?(,vm%m%lf)) p@lmabﬁ v.OPaCNad i 91@?
nonl ynphocyt e-" depl et ng i nmunosuppressi ve dru cophenol’at e
mof et i |copwbo1n)‘:r8@ff Leghethagpsid and)y:et gupapigl nqnd%éradh@e é@%nwmvh@eta@t atin"

cl ass; g}aﬁﬁﬂé Rbric 458 %@%&1&%‘8{&%})@?&58Qﬁc}{/@ﬁ%@ﬁ@ﬁﬁ@& lﬁﬁﬁéf‘ﬁb’ nJQJt&tﬂe t hat

treats synptons secondary or g., spasticit i nconti nence,
pai n, friciogpte)yss campdiiediof kicti dadt- glydolmsbsqpnkjnfeyandgemblnderdqeammnd:p@lyug

(DI\/ARD) t er pi dal ti-inflanmatory drug (NSAID); corticosteroid (e.g.
ot hyl g7 Sdnt o GuBIYie actd

[0294] The formulations to be used for in vivo administration must be sterile. This is readily

accomplished by filtration through sterile filtration membranes.

[0295] In some embodiments, the formulation comprises one or more of the group consisting
of a histidine buffer, trehalose, sucrose, and polysorbate 20. In some embodiments, the histidine
buffer is a histidine-acetate buffer, pH 6.0. Examples of formulations suitable for the

administration of the anti-CD20 antibody are found in Andya et al., US2006/0088523, which is

incorporated by reference in its entirety with respect to formulations.

[0296] Exemplary anti-CD20 antibody formulations are described in Andya et al.,

US2006/0088523 and WO98/56418, which are incorporated by reference in its entirety. In some
embodiments, formulation is a liquid multidose formulation comprising the anti-CD20 antibody
at 40 mg/mlL., 25 mM acetate, 150 mM trehalose, 0.9% benzyl alcohol, 0.02% polysorbate 20 at

pH 5.0 that has a minimum shelf life of two years storage at 2-8°C. In some embodiments, anti-
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sucrose sorbate 20. In song e ment s |st| is a
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are described in And us2006 523 an 6418, which are

cor poliok A By Bitey Gt (iR et O R G 5 To vt
administration. In some embodiments, 2H7.v 114 formulation is antibody at 15-25 mg/ml,

preferably 20mg/ml, in 20mM Sodium Acetate, 240mM (8%) trehalose dihydrate, 0.02%
Polysorbate 20, pH 5.3.

VII.  Articles of Manufacture and Methods of Manufacture

[0298] The invention provides articles of manufacture comprising: (a) a container comprising
ocrelizumab; and (b) a package insert with instructions for treating multiple sclerosis in a patient,
wherein the instructions denote (i.e., indicate) that an amount of ocrelizumab is administered to
the patient that is effective to provide an initial ocrelizumab exposure of between about 0.3 to
about 0.6 grams followed by a second ocrelizumab exposure of between about 0.3 to about 0.6
grams, the second exposure not being administered until from about 16 to 60 weeks from the
initial exposure, and each of the ocrelizumab exposures is provided to the patient as one or two

doses of ocrelizumab. In some embodiments, the initial ocrelizumab exposure is about 0.6 grams.
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(EDSS) over two years prior to starting treatment, and (d) a Multiple Sclerosis Severity Score

(MSSS) greater than about 5 points.

[0301] In some embodiments, the article of manufacture comprising, packaged together, a
pharmaceutical composition comprising an anti-CD20 antibody and a pharmaceutically
acceptable carrier and a label denoting that the pharmaceutical composition is administered to a
selected patient, wherein the selected patient has one or more characteristics selected from the
group consisting of (a) an age less than about 55 years, (b) one or more gadolinium staining
lesions, (c) at least about a one point increase in Expanded Disability Status Scale (EDSS) over
two years prior to starting treatment, and (d) a Multiple Sclerosis Severity Score (MSSS) greater

than about 5 points.

[0302] In some embodiments of any of the articles of manufacture described herein, the

patients have one or more characteristics selected from the group consisting of (a) an age less
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anti-CD20 anti body and a pharmaceutically acceptable carrier and a | abel
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i ncrea in. nded, D ility Status. Scal e .( EDS ver, two ars prior to
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a sel ectPspdt PERMY Diggssseivh MUl Iswilcetiedn §aG erodiato e Paversrsive

char aCtIﬁlElhﬁlE sG8roSi® h&%&&ﬁaﬁy@?&@r&é@f’ve multiple sclerosis. In some embodiments, the

progressive multiple sclerosis is progressive relapsing multiple sclerosis. In some embodiments,

the patient is not diagnosed with relapsing remitting multiple sclerosis when starting treatment.

[0305] In some embodiments of any of the articles of manufacture, the patient further has
evidence of inflammation in a sample. In some embodiments, the sample is a cerebrospinal fluid
sample. In some embodiments, the evidence of inflammation is indicated by an elevated IgG
index. In some embodiments, the evidence of inflammation is indicated by IgG oligoclonal bands

detected by isoelectric focusing.

[0306] In some embodiments of any of the articles of manufacture, the increase in EDSS over
two years prior to starting treatment is not attributable to relapse. In some embodiments, the
patient has had an EDSS of greater than about 5.0 for less than about 15 years. In some
embodiments, the patient has had an EDSS less than or equal to about 5.0 for less than about 10
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In some embodiments, the anti-CD20 antibody is GA101. In some embodiments, the anti-CD20

antibody is hA20.

[0311] The article of manufacture comprises a container and a label or package insert on or
associated with the container. Suitable containers include, for example, bottles, vials, syringes,
etc. The containers may be formed from a variety of materials such as glass or plastic. The
container holds or contains a composition that is effective for treating the multiple sclerosis and
may have a sterile access port (for example the container may be an intravenous solution bag or a
vial having a stopper pierceable by a hypodermic injection needle). At least one active agent in
the composition is the antibody. In some embodiments, the container comprises between about
0.3 to about 4.0 grams of the anti-CD20 antibody. In some embodiments, the container comprises

between about 0.3 to about 1.5 grams of the anti-CD20 antibody.
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bot t | eslexath@h®pns yr gngetdcoid); levothyroxme, cyclosporin A; somatastatin analogue; cytokine

or cytokine receptor antagonist; anti-metabolite; immunosuppressive agent; integrin antagonist or
antibody (e.g. an LFA-1 antibody, such as efalizumab or an alpha 4 integrin antibody such as

natalizumab); and another B-cell surface marker antibody; etc.

[0314] In some embodiments, the label may further denote any of the embodiments described
herein. For example, the label may denote that the patient has (a) an age less than about 55 years

and (b) one or more gadolinium staining lesions.

[0315] In another embodiment of the invention, a method for manufacturing containing
materials useful for the treatment of progressive multiple sclerosis described herein is provided.
In some embodiments, the method for manufacturing an anti-CD20 antibody or a pharmaceutical
composition thereof comprising combining in a package the anti-CD20 antibody or
pharmaceutical composition and a label denoting that the anti-CD20 antibody or pharmaceutical
composition is indicated for treating patients with progressive multiple sclerosis, wherein the

patients have one or more characteristics selected from the group consisting of (a) an age less
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etc. The containers may be fornmed froma variety of materials such as gl ass
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anti-rheumatic drug (DMARD); non-steroidal anti-inflammtory drug (NSAID);
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gl ucorticoid); . levothyroxine; cyclosporin A sonatastatln analogue
cyt oki d%‘a%ﬁ‘acﬁ‘iitcéllbf praeplable 5%?085}%&&6%%@ usg Ht 4 DR@iCahYs] Pylple sclerosis
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descri
less than about 55 years, (b) one or more gadolinium staining lesions, (c) at least about a one

point increase in Expanded Disability Status Scale (EDSS) over two years prior to starting

treatment, and (d) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points.

[0319] In addition, the invention provides methods of specifying an anti-CD20 antibody for
use in a progressive multiple sclerosis patient subpopulation, the method comprising providing
instruction to administer the anti-CD20 antibody or a pharmaceutically acceptable composition
thereof to the patient subpopulation characterized by the subpopulation has one or more
characteristics selected from the group consisting of (a) an age less than about 55 years, (b) one
or more gadolinium staining lesions, (c¢) at least about a one point increase in Expanded Disability
Status Scale (EDSS) over two years prior to starting treatment, and (d) a Multiple Sclerosis

Severity Score (MSSS) greater than about 5 points.
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herein. For exanple, the |label may denote that the patient has (a) an age

| ess than about 55 years and (b) one or nore gadolinium staining |esions.

[ 0315] | rwarrotomssssenbodi nent of the invention, a nethodPCarUSaEMOFASTE uri ng
containing materials useful for the treatnent of progressive nmultiple
sclerosis described herein is provided. In sone enbodi nents, the nethod for
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conposiWithoprogisehive igbple seleisis cogpiisizg packeingyan an@ri A2 hantibprbigip adfrial with a

phar ma th
R A S S S 0 L A

char actverergn Hn:spasmtsah;tvedné oronvie lebargetaigpicc e iedtifomythe forqup)cossstmgof (a@sst han
about 55 years b nmor e gadol i Lumstalnln | esions at | east
about 22oRSe i At R8PSl TRE Ex ARt Vet Thf it Pome G Oy bl Sover
t WO yeagiot crd@te indExphusttet] IDigibﬂitﬁSKattE IS'bale anoSHdyveawMliletis prier Sclaetimsi s

ombod AT bif) o FE SErHbaEvEHt SEHGTHnO R UBYCRPBERP AR el n, 1 he

pati ent have one or nore char act eristics selected fromthe group

consi stiP3gllof n(sa}neaffﬂﬂ%?&én%%e A thypgthods theepatignts hpye GiEedr Gotfpr e

gadol i i ease in
L panded B SR PRoF AN e AN (clia@e OFRF BN PuPRRERS Plark 161 BP0

t r eat meme.or Wdr¢ gad\?ﬁhhmdstamﬁngéldmenﬂ, lasd (1 aaledstbhokiet inegpof@3ici¢asdire present

i nventi QVvi r advertisin - CD20 anti body or a
bhar madSE T PSR R S GRSSI TYRbHv HEreBROB AN FERBF G0t i ng. £o 2
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has one or nore characteristi cs sel ect ed fromthe rouip con3| sting of (a)
16y

an age Staysg fehigns, b@uicas Bbgus groge peip) ingmascdi Expsmdegiaahilityi Syasteioni ng

| esi Ons@cﬁ??e"%&i@@ Vﬁ%?'tﬁ stﬁnﬁ &ea{?f?ﬂsﬁt add 6] ERRRIOSFRABARYER R Pl 11ty .

St at us er two prior to starting treatnent’, and (d)

Mul t i pl(BISSS) ercatsi habewei b pym&:brsen(elv[%@hng:maﬂle palﬂdnamsahl@u thalﬁacpmsndzss

0318] P CD20 anti bod
b o DSk EER BEFRYP sBtB B e RS IRB P ar s P Bl S o e o

progr essilvéniw ktaindl gles 6dselc i 18aspaiduei bneSpiapuit3¢ indixpahded Diedbiiag SeaEpr i si ng
et audi ence, about the use of the an i bady for

informng a t 0
treati ak@rﬁ@Dgé??VémW%xPaﬁdma%t%Hng:ﬁ%ﬂﬂaate%di%ﬂw U@FF%%{P% 6T such
subpopucafe (MBﬁS@ fa@r @RL al%ut BB6RC AR teBibo8int B8, B8 hSGdne fasli (B PR doh &s@r OUP
consisting o faﬁ(5rﬁe an age | ess than about 55 years, (b) one or nore

(3

gadol i rthamabe Al (be gncopignore gydodipiunpsaining tsisns4c bideast about a one point

increase in Expanded Disability Status Scale (EDSS) over two years prior to starting treatment,

and (d) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points.

[0323] In some embodiments of any of the methods, the progressive multiple sclerosis is
primary progressive multiple sclerosis. In some embodiments, the progressive multiple sclerosis
is secondary progressive multiple sclerosis. In some embodiments, the progressive multiple
sclerosis is progressive relapsing multiple sclerosis. In some embodiments, the patient is not

diagnosed with relapsing remitting multiple sclerosis when starting treatment.

[0324] In some embodiments of any of the methods, the patient further has evidence of
inflammation in a sample. In some embodiments, the sample is a cerebrospinal fluid sample. In
some embodiments, the evidence of inflammation is indicated by an elevated IgG index. In some
embodiments, the evidence of inflammation is indicated by IgG oligoclonal bands detected by

isoelectric focusing.
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poi nt increase in Expanded Disability Status Scal e (EDSS) over two years
prior to starting treatnent, and (d) a Miultiple Sclerosis Severity Score
(MBSS) grweatero/wbssmn about 5 points. [0319] In addition, PCRAIS2MARTISDON
provi des net hods of specifying an anti-CD20 anti body for use in a
progressive nmultiple sclerosis patient subpopul ation, the nethod conprising
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phar maceutical | y acceptabl e corposition thereof to the patient

subpopup siafteg tehEreatcis apf atedutslet o eelapsd do prnaginsipents, ditedagent fps ad an

char actigh¢ St | $1 1 less than
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about 55dyEepsmorEylapyse WHhindyp eya o (AarngtispHIeAy | esions, (c) at | east
about a one point increase in Expanded Di sabili t]y Status Scal e (EDSS) over
two yedPE26)r i rsoms cabadinienly of peyaeiinmethadd thedipe al tepatopt & 1ese thap gous S1.
Severity Score (MSSS) greater than about 5 points. [0321] In sone
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char act g[ﬂ.’iﬁﬁédcd?se?%p?(%rgsqmﬁlr Brpoﬁl@%mg&?l%n&,qﬂé %(?Iltffﬂ!ﬁgd Q'fseag@‘érog&s&&?isl fSS than
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any of %?P%fsa{%%igo?rii %ﬁin%%%%%E%ﬁé&fﬁ%ﬁé‘%@%&? ot Pk %E%EES? d Trom the
Gador i APLA <t IR grvadeBs g ke mEREeS AR ao-UD R Rt berEredbot n-

Expandedmbiesdbdihichi oBhmf sr3hSeadheds( EHoQEMi - antibQiyheAfuinddbl. B soh® starting
treatment, and (d) a Multiple Sclerosis Severity Score (MSSS) greater than

about SHWHREats af gng gipthe s> Sering; CloHbangihedyels Of 498U RHy Bes@kar act eri sti cs

sel ect eghohMBntse agﬂ(r’) OtRe GRASHS ttﬂerkﬁhti%Di(?Qnti%Qd}%g qRLI%@ﬁS SRR OMLsome Years,

(b) one or nore gadoliniumstaining |esions, | east about a one poi nt

i ncr easanbiodin@afsan dexl oDhs alsthiofls, yheSmat (I32(Buibedy EOBEP | onespme warbgdimestspf i or t o
starti ’Lﬂy%fﬁ% s ﬁ‘é‘ﬂnﬂ?bzﬁfﬁﬂﬂo %@Ihg}écl erosis Severity Score (MSSS)
’ S. e

great er than about poi n n so odi nents, the patient has (a) an

age | e%ﬁsisﬂa% 00U o RUYERET nert W SNG QhodPLE SAR0LYNL UM AL 04AG, | esi ons,
(c) at ‘Teast about a one poi Nt i nerease T pan ed Dr Sabr ] y Status Scal e
(EDSS) deweibed WareyieBsrexpnplofthe methbay intlde nedaddy®mtiein the patient (a) an age less

than about 55 years and (b) one or more gadolinium staining lesions.
1X. Systems and Methods for Predicting Responsiveness to Multiple Sclerosis Treatment

[0330] The invention also provides systems and methods for analyzing whether a subject
and/or patient with progressive multiple sclerosis will respond to a treatment with a drug used to
treat multiple sclerosis. The invention provides systems for analyzing responsiveness of a patient
with progressive multiple sclerosis to treatment with a drug used to treat multiple sclerosis
comprising: (a) assessing one or more characteristics selected from the group consisting of (i) an
age less than about 55 years, (ii) one or more gadolinium staining lesions, (iii) at least about a one
point increase in Expanded Disability Status Scale (EDSS) over two years prior to starting

treatment, and (iv) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points; (b)
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and (d) a Multiple Sclerosis Severity Score (MSSS) greater than about 5
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mul ti pl e WOl2eroasB8387i s primary progressive nultiple scl ePGIiGS2000/05861TE
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sone e@@&ﬂh@ﬁﬂ£§Um£E%nl 5 point increase in EDSS over two years prior to
starting treatnent 1s not attributable to relapse. In sone enbodi nents, the

patient 0 ﬁ]t h@fg?i%%m%\g@m%hts%%@ (Efqilt[agél%&s%éllhf etH%‘&’ Ml%?ﬁ&e Phésorho&?ha%t arting

treat I'n sone e e age of the
patlenUmeshhasamnhamkahﬂmkmﬁmegﬁm326¢n¢mgsﬁ@@ammhddmnmmueomﬁﬁammsgb)the
nethods the treatment reduc the ti to confirmed.disease. si on.
o coms b oal et TR st E T pho i T 4e8: 0B olaraR ERETRERERS
EDSS t haikabilsy SusisscaRAEDSS) $we twieysaghhr td slaripdRe£iibdi ments, the confirmed
di sease progression is an increase in EDSS that is sustained for

twent y-[0838] Weekhe chid3&8lendsdf sQNE (RIBREHIRAY/S: SEthadydetdrived BedRt theds, the
anti-CD20 anti body is ocrelizumab. In sonme enbodi ments of any of the

met hod PtEH dagmere-temae shrpgernyics slocieddiankis erqup cepiding b piasR 1§5sof any of

the mttﬂﬁ%{)ug e@fgtﬁ QRZ(Q rﬁ&%%%&ﬁlﬁhu'r@stﬁmﬁ% e{t neamutear%g 'ofﬁ?nt s of
any of the methods e anti - 0 antibodyis TR 015 or SBI-087. In sone

enbodi negqrease of E@myd@lrDlsmlltwétdﬁmalet(ﬁ@sém\ier ORpYragmriop boyarlisg GAUGENL | n sone

enbodi {‘%ﬂ@ 3\4 | be é}shs%engﬁ&a%qgre (msgg}ebtel%gga r&Hg %, 1S Hftb\zo [ 0329]

The ne erein nay enconp any co |on of
enbodi merttodiments of any of the systems and/or methods, the patient has two characteristics selected

from the group consisting of (a) an age less than about 55 years, (b) one or more gadolinium
staining lesions, (c) at least about a one point increase in Expanded Disability Status Scale
(EDSS) over two years prior to starting treatment, and (d) a Multiple Sclerosis Severity Score
(MSSS) greater than about 5 points. In some embodiments, the patient has three characteristics
selected from the group consisting of (a) an age less than about 55 years, (b) one or more
gadolinium staining lesions, (c¢) at least about a one point increase in Expanded Disability Status
Scale (EDSS) over two years prior to starting treatment, and (d) a Multiple Sclerosis Severity
Score (MSSS) greater than about 5 points. In some embodiments, the patient has (a) an age less
than about 55 years, (b) one or more gadolinium staining lesions, (c) at least about a one point
increase in Expanded Disability Status Scale (EDSS) over two years prior to starting treatment,

and (d) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points.
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st ai ni ng Wo20ws3s87 X. Systens and Met hodsfor Predi cti ngPREAISINSI0FERESS t O
Mul tiple Sclerosis Treatnent [0330] The invention al so provides systens and
nmet hods for anal yzing whether a subject and/or patient with progressive

nul tiplie3sg! emash® cWbbliinlcRERPRSY §MhdsyklcBRTAEDE mWihbdy ﬁle%dggeskh%@ﬁmﬁtiblé reat
mul tiple sclerosis. The invention ErOV|des syst ens for anal yzi ng

r esponslpenidspiahary ppeareseine Mt jsteserie dssopee arftodinsing. Selrsrgstiyct o
treat mepy; §hedsid lisl'kgcd‘h?]lg& ;gggrégsﬁlgsmfwlé %(}?AI‘SSI§ (f;# SIeE oﬁﬂﬁaﬁé #leng: (a)

assessing one or nore c teristics selected fromthe group consisting of
(i) an m@edstyssnulth[a@scad:mm ispHogyesaive relf(psm)g narieplosclerosie Igadod embadimettai ni ng

i S B A VB A D R )
Mul ti Sev MSSS
THETEREEE e e A e PR

to per f@idhanvfah@@imidonit @ saejlenikage ehbddi@caitheampless & useBiptfill] @ulr
responsive to said treatnment. [0331] The invention further provides nethods
for predample Hgomsembadiments, e é&l@ew pﬁmﬁlﬁ@a}aeg%1So@l?ﬁmdthymneelf‘§eieé#g)%| s will

respondpdR. f dofRhFBAimMs! e Bvidédéd oﬂﬁ@thfatlgﬁ Rahdifand tyolo& &&b@l&&ﬁ bndst he
met hods conpri sing asseSS|ng one or nore characteristi'cs selected fromthe

group clstesied by irgelseuric &cugingage | ess than about 55 years, (b) one or nore
gadol i nium staining |l esions, (c) at |east about a one point increase in
Expandd@339] s alyi SIOtrwn@p@ngtSSé ahyeof(UEDSS)e s wad/ot othydsaths ipr¢ase intlgD$Y averi ng
treat : - |1 I S| r ater t han
R R TS S e b R e e

i ncr eagatiem hEDDS ap ST ofrgasatisanpbowrs.( or Bsathbn ahgput h%y&arseat JoRIRt | I\/ISSS, or a

C onot matolt 3L SR pat B T B RS S TP kG e @iﬂ?i%gth%ﬁa%f et hods,

t he patyeeﬂgtlnhaﬁm elbeditdan, BOEDSH amas b@fting lic@snci ek ®eivth Avcans.hhgd gicaup
consistin (a), an age | ess than_about 55 years, (b). one or nore

gadol i fi %3&1 8934 Sinbpglimends. diesincragig i BPSH s gt é“é%ttab%tc?ult BoigiacTEEE Mt EPRRr ease in

Expandege ¥ hlls' ti¥r Sl Rath& (RS erﬁy&flm&’ﬁ@ tHeeP-B PoiRl nBleadeQn BORKL I NY
treatment. | f In sonme enbodi ments of he systens and/or nethods

descri bear th\@r)@ialﬁ Priphle spatinearatrpes ismot éttf!hﬁlaﬂ’ﬁ’YQiﬁ eclamarlacove pabpdinieria|tbet ed
fromt gﬁugf{ of RRBRLdr A Ofe ag)s s véﬁﬂm?%&}} rfo'f'?orkteﬁglg%&ea%ﬁ epfears, (b) one

or nlunlstalnlng I ons, east a one poi nt
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gr eat erlesshlazam adbaitl. 5 poi nts. I n sone enbodi nents of any of the systens
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[0338] In some embodiments of any of the systems and/or methods, the systems or methods

further comprises advising the patient.

[0339] In some embodiments of any of the systems and/or methods, the treatment reduces the
time to confirmed disease progression. In some embodiments, the confirmed disease progression
is an increase in EDSS that is sustained for twelve weeks. In some embodiments, the confirmed

disease progression is an increase in EDSS that is sustained for twenty-four weeks.

[0340] In some embodiments of any of the systems and/or methods, the drug is a Interferon
beta-1b (e.g., Betaseron®), Interferon beta-1a (e.g., Avonex® or Rebif®), Glatiramer (e.g.,
Copaxone®), Mitoxantrone (e.g., Novantrone), corticosteroids (e.g., ethylprednisolone,
prednisone, dexamethasone), 3-4 diaminopyridine, ABT-874, Alemtuzumab, Albuterol
(Proventil®), ATL1102, Atorvastatin (Lipitor®), Azathioprine, BG0O0012 (dimethyl fumarate),
BHT-3009, Botulinum toxin A (Botox®), C-1035, cannador, dronabinol, tetrahydrocannabinol,
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fromthe group consisting of (a) an age | ess than about 55 years, (b) one
or nore gadoliniumstaining |esions, (c) at |east about a one point

i ncrease Wo 2Bpasised Di sability Status Scal e (EDSS) ovePCIWS200088H5pri or to
starting treatnent, and (d) a Multiple Sclerosis Severity Score (MSSS)
greater than about 5 points. In sone enbodi nents, the patient has three

char actghildiQasCoHPEEL e ribmeneiine 197Q!€B{cfb9ﬂ§sipﬁz§rhiﬁg, ®fclib@dabdn age | ess than
about 55 year%i,oﬂ)gjb) one or nore gadoliniumstaining |esions, (c) at |east

about d&Hemg ap/geipisansd AVP-Bepdented M, Hapencrd (Asieat®@s DeewlyelineEDSS)  over
two ye i : | t t 1 . I 0Si s

Sever i %ﬁé‘?:}gff ggt{1%53§%§%§% e Fiﬁﬁﬁaﬁr’]{ﬁ%b%%?ﬁ gm%g%%?dsnll\él F%Itag%gerégérltsg%di ments, the
pat i entFilngdin{od)FAN7Apdnicefssnttiah ambuigine3bayetal ®), Lagyiniond, bidogadreet gadol i ni um

st ai ni ng.,| esi ( east. about ..a, one int i.ncrease in Expanded

o aani 110G PR AYPEb B SO G X EnP B DisnliPt EREFAIE gt v eat rent
and (d)(Ngmgliﬂa@':)pMethSﬂplralmsg_ﬁe,$eMe1r6'6]£Mo&ﬁmﬁI]gP(dV@h 5)), M@/ﬁ@ﬁlemoéz;th&f@fe'ﬁiﬂ)ﬁué 5 ]
poi nts. n_sone i ments of any of the sy nd/ or et hods, the
pr ogr eébF@f&P@r tl%lﬁswngﬁfagﬁagingb Fﬁ}fsﬂ?f}i%f_‘”&f%‘@ ﬁ%&@ﬁfﬁ%}_ﬁ% (PrRelgesTer osis.

I N sonepigROLhBNS®)! MRafioad (ISR DYER) Nbth¥dsRtif (G RhOS) SPrbSabaBE QRHREW),
progressive mnul tl§| e sclerosis. I n sone enbodi nents, the progressive

mul ti plisogesicemeska207d . Blggleddiuigk®p.df Apsinhgphathpdiptierassct @pheps. | n some
enbodi t tdie { i | j W 1k mul tiple
scl er og?g“ %)gniﬁé? g%?ibgﬁhltv ?%g@%g&r@?,gg%‘g]%%logB%Jdgl% éo [ éeNﬁltrﬂsovgifw%%y of the
syst enslepiflunghidedestostamnp geli(@ndrogel®p el rinashopuindence of inflammation in a

sanple. In sonme enbodi nents, the sanple is a cerebrospinal fluid sanple. In
sone erfidti] neltssmeteinbodivieds nf enyod! thadsemyand/onmedods the clatgadedio tamat el evat ed

| gG i ndex,. I n _sone.enbodi S, the evidence of inflamuati.on j.s jndicated
by 1 66 BB SRR e derEart oy SR ERe el b AR SRk Sone
enbodi nenipsis@f a)arheanf cHalvevasiysit esmBonadveipeisingSEQOESNOt ﬂ(l)eS'EtPGDm:el,: andEDSS over
two ye rjor to starting treatnent is not, attrjibut relapse. In
some. enbaAbRE L % 'é)%‘é%hitgl?ﬁn Yo a{eelalh“@m@l%fgﬁéfﬁ%@@fﬁ@%%@ﬁ 5.0 for
| ess t han sebos NOF. Ve enlfdd SRR, BRadicTentsibddyas fatliRffab@soad an EDSS
| ess than or equal to about 5.0 for |ess than about 10 years. In sone

enbodi regHrdimenttetheRYSGAREnEhaslytis Higximpabalnreme embodigronksetic apgl28. 0 and
about  6mBhodys SRMENAIROH WRR fmoliftRnlsGE 8RS ED2D afidRRy iSTR (18355 pRBELL 2
1.5 point increase In EDSS over two years prior to s?,artlng treatnment. In
sone erhedineembalimeiie the S pCDH antipodeadseA I(H . EDEBecoubpdinwotsydansti-0b20r t o
starti ng. &S'%HK%B is not attributable to relapse. In some enbodi nents, the
pati ent FUYPHer ‘had two or nore rel apses within two years prior to starting

treat [O 7%,In SO er[Eoi nts.pf any of the systens.and/of  nethods,
t he ag‘jﬂ%p]t h ep tstleglrs.tanclggr gl %(%t %fﬁﬁjg%gﬂ?mﬂay encompass Xny SOMirthtoh Of thd
embodiments described herein. For example, the methods include methods, wherein the patient

(a) an age less than about 55 years and (b) one or more gadolinium staining lesions.

[0343] Further details of the invention are illustrated by the following non-limiting Examples.

The disclosures of all citations in the specification are expressly incorporated herein by reference.
EXAMPLES

[0344] 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 foregoing examples and detailed description

are offered by way of illustration and not by way of limitation.
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[0338] In sone enbodi nents of any of the systens and/or nethods, the
systens or nethods further conprises advising the patient. [0339] In sone
enbodi merwe 20f0/@s3870f t he systens and/ or nethods, the tPeatuseomw/osaduces the
time to confirmed di sease progression. In sonme enbodi nents, the confirned
di sease progression is an increase in EDSS that is sustained for twelve

weeks. fnpPTE £PRAIISALS of DBRISARIY ﬁz%@bp@i@%ﬁﬂﬁ@%&lﬁﬁﬁ%@lér&% an

increase in EDSS that is sustained for twenty-four weeks. [0340] In sone
enmbodi MBRMS)of any of the systens and/or nethods, the drug is a Interferon

bet a- Ib§ 9., Betaseron(r)), Interferon beta-la (e. g Avonex(r) or
Rebi f (1§ 451G Atphpsgrib myliecegter, r@ﬂpamda{aﬁalbel gIoup (mstmlly hede(deplgcebo Mo ant rone)

t
i am magy P b Ao ey sRLBUEAOL AR o RLEVY, SRR ARIPIENIRANT | Tz,
At or vastavnancd longgirtedMRI) JesioAg ahdhsabgy oheyo B0 GQiiZens df netlnuimab umpatzhe) |
BHT- 3009 t ul 105 d d bi nol ,
Cet r anyl bR G e B kgl ks iR ne. ot 1275, |

| Dacl Dext h han/ d
Zav SR Do e AT ML P35 T BaR LI R ELE PR B, Eaerfigimab

Est r opriogesiol ddse re gﬁlﬂmlf b &hisREn SR A AraPRRRREWE 110008 g f&UBR ﬁﬂsﬂ@&trﬁﬁit@?@@)
Fi ngol i mod (FTY72 I nt erferon tau, Lanotri gl ne (Lam ctal (r)), . Laqui ni nod,

Li docaifAloweddyy SPItgéf‘ainﬁélo(ﬂERﬁ_K) INEPS H5supssganh BeRCHhFEsIFTANg Pereb%@aén n
pept i deypg (ﬂﬁ@}égﬂﬁen( %@rﬁ%ﬁﬁg(ﬁ d t)lual h@ﬁsliﬁﬂ cﬁ@@g 'iﬂgsfg{ B0 First Mél&tm%ﬁtﬁo cfbdaf i ni |

(Provigil(r Mycophenol ate nofetil (Cellcept(r)), nal trexone Nat al i zumab
(Tysabrfpl(1¢\yf)d byRérsbscefusivas 0Pe0d thg forxhe sobseRB@Y tgdmeplolyylwer ), Pi ogl it azone
(Actos(r)), Pixantrone (BBR 2778), Pravastatin (Pravachol (r)), Pregabalin
(Lyricd0347), Elligigle@ta'éfm@rwe raRE&0727] (1R Iltliiml(eor(emf Ifeur ¢legtment grR@ﬂSizﬁarlﬁrﬁ or

( phoqu?% Hf Fllguren;.I ITBe OVCI‘QII WR-Hhe% des1 Sﬁus%ateim aSt 87t in

(Zocor (r ecept or e vacc Y& f1 unoni de,

LESA L H2: (i gougt@{lg 2%&?%’ ?OP&H% b T thoous | My outfitiats ods RO BRE ™" S

scler OSdeO@(Sm@@ep&li’dtd:dl@[ﬂOde@mfdrbl&th trd:anmsmras?clerlfmdntmah seceltvla&leant i - CD20

anti bod a heavy chain i on risjin EQ I D NG
10, SE HBCREACe 49 s r%a\%*elsee R &i@mfwona LO%@ sl ?\ng s nt\?ér‘?%% e region
conpr i &fe@gne%E@ch@SﬁQeéuenﬁﬁ% bldeNG Iﬁalnlﬁﬁ‘l(ihesﬁgi}] Rubde- ‘tﬁ}ndldﬂnﬁé’fﬁ@ 2a@rbodi nent s,

the anti-CD20 ‘anti body is ocrelizumab. In some enbodi nents, the anti-CD20
ant i bodiFaineent pcl PRRBTS TPeeisdive IRhpom ssemnted by kbdayt the Bppoiagan ibody | s

Of at Uy uhth, G, EIRAHL HRORfE ARk BPR0 AR RIEALS or

SBI -087. In sone e anti-CD20 ant y Is
enbodi mantess art eatgdh with @BGlealhpi) b@dyfuslgnrm@ut a second placebo infusion, in a

double-blind manner until a preferred dose is chosen on the basis of the primary analysis.

[0349] Group B (ocrelizumab 600 mg): Two i.v. infusions of ocrelizumab each of 300 mg
separated by 14 days for the 1st treatment cycle. Patients then receive the maintenance dose
regimen, i.e., a single infusion of 600 mg for every subsequent 24-week treatment cycle.
Subsequently, in order to maintain the study double-blind during the 2nd treatment cycle, patients
receive two infusions separated by 14 days, the first infusion is ocrelizumab 600 mg and the
second infusion placebo. In the 3rd and 4th treatment cycles, patients are treated with a single 600
mg infusion, without a second placebo infusion in a double-blind manner until a preferred dose is

chosen on the basis of the primary analysis.

[0350] Group C (placebo): Two i.v. infusions of placebo separated by 14 days for the 1st
treatment cycle. Thereafter, patients are placed on the 600 mg dose regimen of ocrelizumab
starting with two double-blind i.v. infusions of ocrelizumab 300 mg separated by 14 days at the

start of the 2nd treatment cycle. Patients then receive the maintenance dose regimen, i.e., a single
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[0342] The systens and/or nethods descri bed herein may enconpass any

conbi nation of the enbodi nents descri bed herein. For exanple, the nethods
i ncl ude meohotI33s8Merein the patient (a) an age | ess th&aTAlSew/0585year s
and (b) one or nore gadoliniumstaining | esions. [0343] Further details of
the invention are illustrated by the follow ng non-limting Exanples. The

di scl osHif&ien Of 6@ the GdihRisk@OBinialobPIE-bIRE flahh& 264 (RN3AMAd BHRFREY cycles,
i ncorporated herein by reference. EXAMPLES [0344] The exanpl es, which are

i nt endettit prisersd deteyis ehasprppaihy badis ¢fibe pmanitapgisiand shoul d t her ef ore not
be considered to limt the invention in any way, also describe and detai
aspect 4037d ewswailheroscof Averexidfwentionugiule (igs-eweeldp s theTkseti¢aynetjoi ng

Dy B AEEL pEaERENAL, R 530 Funf] SR YantiMhsRint ik Lk B, and
D Ll y bl L e, and
vones s FRASThE 2 v iiney Lo, TR wlRl bl Yndrabirtod 8 Rl e

by br aiwitMagngt 660 Reserans endl Apsifaged st js chessh @ she tapd osatb @tihagf two dose
regi nens of ocrelizumab in patients wth Relapsing-Remtting Miultiple
Scl er os8VEIRRVE) is performed. [0346] The two ocrelizumab dose regi mens

under investigation are as follows: 1) ocrelizunab 1000 gggdose regi men:
consi stlP3RFlof Fef Y garursritligs ingstishlorend e s remmities picrigiorpedeltbepielcesel e
foll OV\’Qﬁsé?)baéén%gei\'éeggyﬁﬂe%gl%dgfbse](@_&())m%r figso &Qﬁs%‘&%ﬁﬁﬁfon}af galment cycles

and 2) ocrelizum ng dose regi nen: consisting of a dual 1 nfusion of
300 ny sherestyretrdaiment cydldst ment cycle fol | owed by single infusions of 600 ny
for the subsequent treatnment cycles. [0347] Eligible patients are

r andoni[83%B]( 1THe firstgdniimsicationef ehdy madicatiopathethet amro ugesidy (oBjelignpzb @ as

descrihbed jin Fi,gure .7. .The. avenvi ew of the stud sirgn. is iJl.u ated in
Figur e HeepQahP iy, siPERIEALER R G A6 Y LB BReb o8, %
i nf usi onsAbpaidatselsozevvile «adehinfsiohQO thetty lisefmadoiine dObynglod sdalyslay dand he 1st

treatnent, cycle. Patients then receive the i nt enance. dose reqi n, i.e.,
b o Bt s st FHOBUHD PoPaEheIg Rt BB A MY UREHARED cy ol .
Subsequeydcttdini o Bedidte fothtd Rkl (Or thb Ocislittyabdmbibes. bl i nd during the 2nd

treatment cycle, patients receive two infusions separated by 14 days, the

first id[l)islgi OPhdrS aR G618 e3P RYT. Ny RNH= B 1156 EPWd el M;!é?&l@ﬂ pvegehp. In
the 3rd and 4th treatnent cycles, patients are treated wwth a single 1000

ng i nf UgiWiek i bt = ¥esk db aWsrlatelspelr AFNFEN2 orVerkdbublier thelstsdcleranner
oy SR e e ool e S e,
of 300 4dwyeceks thereafter for the first 24 weeks. After the 2nd cycle infusion visits (Visits 9 and 10,

Week 24 and 26, respectively), visits occur at Week 36 and every 12 weeks thereafter through the

end of the Treatment and Follow-up Periods. All effort should be made to schedule the visits

within the provided windows. Additional unscheduled visits for the assessment of potential

relapses, new neurological symptoms or safety events may occur at any time.
Study Population and Selection Criteria

[0355] Men and women from 18 to 55 years of age inclusive, who are diagnosed with
relapsing-remitting multiple sclerosis (RRMS) in accordance with the revised McDonald criteria
(2005) and who meet the inclusion/exclusion criteria provided below are eligible for enrollment

into the study.
Inclusion Criteria:
[0356] Patients must meet the following criteria to be eligible for study entry:

1. RRMS in accordance with the revised McDonald criteria (2005);
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separated by 14 days for the 1st treatnent cycle. Patients then receive the
mai nt enance dose reginen, i.e., a single infusion of 600 ng for every
subsequernw0241v88387t r eat ment cycl e. Subsequently, in or@®€T/useoos@snsai N t he
study doubl e-blind during the 2nd treatnent cycle, patients receive two

i nfusi ons separated by 14 days, the first infusion is ocrelizumab 600 ng

and the sgpqq%shgggghggugh@g@bo In the 3rd and 4th treatnent cycl es,
patients are treated with a single 600 ny infusion, wthout a second

pl acebo i Bf ugi1BR ivd (ﬁ)cgﬁ%é@reia%és%thﬁ@m@gst 3’9&&4 prébrié ?Jr&'hh%datq%?oﬂe%f(:hosen
on the basis of the primary analysis. [0350] G oup C (pl ace€bo): Two i.v.

i nfusi ons ofwlptlaessbuedekin sheddstygarpgioggyssrebingt he 1st treat ment cycl e.
Thereafter, patients are placed on the 600 ng dose regi men of ocrelizumb
starting di tixpadsd dBebilisy Blaus$cile DS Rfaubisohee fofm dérte bilnmnits 300 ny
separated by 14 days at the start of the 2nd treatnent cycle. Patients then
recei ve the ImdamtevdvickpideérosegiMi®nlischsedburden asilefgledbalbwsi on of 600 ny

adm nistered in a double-blind manner for the 3rd and 4th treatnent cycles,
until a prefer Aettagdoseld ssictmosem MRI sdae dbmfsihsheosfeat préorpe sareemingababden S.

Lot et ran Db Al GRARD spa RE S 3edithe R R SEthu g R B EAES and

open Ia]E)eI baSth‘é? sixhie 1|6§&1sngsdﬂ@slﬁlgrmgl sean wath agrégﬁlsixzwnahd oﬁtlafel]lﬁiﬂ@ﬁbtt h t}/vo
i.v. infusions of ocrelijzuy Mg separate y 14 days at the start o
the 2nd treat nﬁﬁtPaE%F‘bbeqi“gq% r(Rl% inthe 3rd and 4th treatnent cycles are
treated with a_single 60 infusion until a preferred dose is chosen on
the basis ofP tR%tlea?We?r@Pcaﬁlam%reéaPﬁ[wﬁw} theggargyrior iy SissRINS af t er
investigators and ethics commttees are infornmed of the preferred dose,
patients reddiclpsionkaitgief erred dose (600 ng or 1000 ny) as a single
infusion at their next successive treatnent cycle(s). [0353] The first

admi ni d03%0i obatisnts sthadyechiddifelbainnenipidd Wak beagrcluded frympiudy s ocr el i zumab or
pl acebo) or the first i.m injection of Avonex will define the start of the
Tr eat nent L PeyecgulapyBayprimary moprepratd awltipleatlsesis @ctwsragaingqVisit); i nf usi on of

nmet hyl predni sol one 100 ng on study day 1 and with each subsequent

ocr el i zundb 1discapt dwealhm dfmiare thon 16 years wrpagents with en EBSEI=3-0hg Avonex (G oup D)
according to the tinme points required for the ocrelizumab infusions. [0354]
Ther e difecdcpdnalysieat ment cycles, i.e. cycle 1 = Baseline to Wek 24; cycle
2 = Wek 24 to Week 48; cycle 3 = Wek 48 to Wek 72; cycle 4 = Wek 72 to
Week 96035@‘] t €the rendry Dbj@g/ti)ieén ihif unsdyam tovingéstigat¢ Wiesifed oF oemablzudnab@ayenths and

Week 2, ect.i vel occur at ek 4 an ks .t hereafter
Por<t manp AEELR a0 o biPmd Ry ERE O D R bt plSRSR e 67t
10, V\é@ﬁd&ﬁnﬁﬁdnﬁ?ﬁpmgaspmris\oeieyx)ed oniMRT s afCURe Bhin\d 8kel30 2an4] 20vied 94 12
weeks thereaftgwn%1 {acégbgh t he

as compare

[0359] The secondary objectives of this study are to evaluate the efficacy and safety of
ocrelizumab compared with placebo, as reflected by the following: the annualized protocol
defined relapse rate by Week 24; proportion of patients who remain relapse-free by Week 24
(protocol defined relapses); the total number of gadolinium-enhancing T1 lesions observed on
MRI scans of the brain at Weeks 4, 8, 12, 16, 20 and 24; the total number of new and/or
persisting gadolinium-enhancing T1 lesions on MRI scans of the brain at Weeks 4, 8, 12, 16, 20
and 24; change in total volume of T2 lesions on MRI scans of the brain from baseline to Week
24, to evaluate the safety and tolerability of two dose regimens of ocrelizumab in patients with
RRMS as compared with placebo and Avonex at Week 24 and the overall safety of ocrelizumab
administered for up to 96 weeks, and to investigate the pharmacokinetics and other

pharmacodynamic study endpoints of ocrelizumab.
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end of the Treatnent and Follow up Periods. Al effort should be nade to
schedul e the visits within the provided wi ndows. Additional unschedul ed

vi sits fowothw/m@ssessnent of potential rel apses, new neRCOIUSQI0CME71SY Npt ons
or safety events may occur at any tine. Study Popul ati on and Sel ection
Criteria [0355] Men and wonmen from 18 to 55 years of age inclusive, who are
di agnogggeop Fﬁtﬁﬁ'E%%bl@?a FeBipbd & PG daLk tHeR)cBurfigb &5 0RmSor(WRiRMRIngl N accor dance
with the revised MDonald criteria (2005) and who neet the

i ncl usinshyodogdqalissingonay attriwiaglege MY ensdnpecdingl wprscasieql §y pirdathvsty saloen ment
into t ady - US| [ (=N Pat.i : t | | owi ng
criter?gmto émg#?é#%?ggggrE%%§Q§Q%hggéggk§H%Ekéﬂéﬁigg%%ﬂggﬁégaaﬁ%(Pthe
revi sechohodatréiuthblerth tenfpandi200Bjcallacidgds. g1 8:v86 infedros, injucy, advare; re®tiost | east
t wo do%unenteq Qel%@s S 1fhin the last 3 qeﬁrs priog to sg eeni ng, at

| east GRS THT AR EEDRS - W B o RBE RSO a LA PP ML &F eeni ng; 4.

Ex pandedcdogateid bl topjeStivat earobhgadat woisBSiy catsiskaselth aeinkreasa of alleh h6lf @ poi nt's;
5. Evidence of tiple, Sclerosis (M5) disease. burden defined bel ow a.
At | eassfepsqn%ﬁerﬁgg%sqr@ﬁ@%owewélthesa@a?w%ﬁ§uvﬁlwﬁéY9@@ra§0ﬁ¥% S Veerder eeni ng,
based qidi@6@&ko bR theApPlobHaid FSYRIMeThatbeRusHRcRInk 3bb&ea SR t he | ast
year or showi ng less than six T2 |lesions, a screening MR scan with at

| east dIysammdal] gadh egiebeilar, pedsicyme aerpol, ehdsught $eapery changes, ePisglipirasmer b,

Pat i entg,f r Bl rd . ing.

Becl usi S ey Ty r TR G BRSOl e DS RERG: PlrsGurh L SEHEAMAT || e
excl udedapseohhestgaynieninygstigdtor Safiongdpse olapgs ithmbadhepr o gheesbsivveitand. t i pl e
sclerosis at screening (Visit 1); 2. Disease duration of nore than 15 years
in patil@dld whdexphor&EDSSbiec@yd.in Hif staboyill Amdides b njdy3H8be Hinaedioi chanye
objecti.ve in this s y is investigate the effe f.,ocrelizymab given
25 two B Arfaf MRl ot B vTEEBO R FrebFeRul 6 Rice Tt PR Sn ' the
total nwidnes oroMRY&ckal bNthel Braghen SVerg 12lo Wask 06 $n Ohderovpdf paicMRlIreceBadys of
the brain_at égeks 1?, 16, 20 and 24 as .co red with Elaﬁﬁgp' 0359] The
seconddiYFligHpa tha/ae BmichPsnet Huy rapriRe by &riaat eseied et Midacdrsahticsaf et y
of ocr &Jrhig UMARIGATRAIE 6 Wotddd PhagepRpomidn bepdiRek SthoRYmiiR et of AW ng: the

annual i zed protocol ' ' ' o ' '
gadolinium-enhancing T'1 lesions by Week 24; time to first new gadolinium-enhancing T1 lesions

developing over 24 weeks; to evaluate the treatment withdrawal effect by means of the total
number of gadolinium-enhancing T1 lesions 48 weeks after receiving up to 4 treatment cycles of
ocrelizumab in a subgroup of patients; proportion of patients who remain free from relapses
(clinical and protocol-defined relapses) during each treatment cycle and at Weeks 48 and 96;
proportion of patients requiring systemic methylprednisolone treatment for an MS relapse during
each treatment cycle and at Weeks 48 and 96; annualized clinical and protocol-defined relapse
rate during each treatment cycle and at Weeks 48 and 96; time to first protocol-defined relapse by
Week 24; time to first protocol-defined relapse by Week 96; time to onset of sustained disability
progression as defined by the sustained worsening in EDSS of 1.0 point or more for 12 weeks
through Week 96; time to onset of sustained disability progression as defined by the sustained
worsening in EDSS of 1.0 point or more for 24 weeks through Week 96; to explore the effects of
ocrelizumab on the primary and secondary study endpoints vs. Avonex; to explore the correlation
of polymorphic variants in genes associated with RRMS susceptibility and ocrelizumab activity
and therapeutic response to ocrelizumab in RRMS patients; to explore the relationship between
circulating biomarkers associated with RRMS susceptibility and ocrelizumab activity and
therapeutic response to ocrelizumab treatment in RRMS patients; change in the Modified Fatigue

Impact Scale (MFIS) from baseline to Weeks 24 and 48; change in the Fatigue Scale for Motor
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defined rel apse rate by Wek 24; proportion of patients who remain

rel apse-free by Week 24 (protocol defined relapses); the total nunber of
gadol i ni uwpentva3sisng Tl | esi ons observed on MRl scans ofCTRS200@85T158t Weeks
4, 8, 12, 16, 20 and 24; the total nunmber of new and/or persisting

gadol i nium enhancing Tl lesions on MR scans of the brain at Weks 4, 8,

12, 16,and @ogﬁ‘iQV@ﬁuncﬁB@sf@gM@ floRt BdseiviR! (o WReeRf 24 #hd &S bl%ﬂge nndRopseispsr of the
brain from baseline to 4, to evaluate the safety and tolerability of

two dogutipigyvhemevest fremr agverel tbnedsrayat 4nd o ‘\‘/WQ@?YWNB“H@d fﬁﬁg@ﬁr ewthi t h
pl acebg.gnd cf%‘}{ﬁgﬁﬁgpﬂsel}/r%gg E@@pal{dn% Qﬁ/aﬁ%@“in thé@grﬁéryfoﬁéplﬁ b

adni ni ster el and to ifvestigate the p ar netlcs
and ot r&mdlﬁaﬁcmmﬁndﬂ(@ESﬂdmmMsg@lem §Vaoks bbaﬂ@I‘iSzambdila{l@aﬁ(ﬂje In this
Exanpl e f|ne cc nce of ne

e o JBTRai TGRS atn A b o aR DB SO e AR g B G
reIat|uekyb@k@bkayﬂ@amnmﬂ@%mngh@GESQLngpah@3haﬂﬁe05Wkaasm4ﬁﬁ4éays

Synmpt ons nust persist for >24 hours and should not be attributable to

conf oundi ng ghismeral factors (e.g., fever, infection, injury, adverse
reactions to conconitant medications). The new or worsening neurol ogical
Synpt ome36nIst MRG iBLERMPD &Nl B nkynitofh L&hir¥ieRRUE SlsRel CaYS)W&iEE M MG, Bamsi st ent
with an increase of at |least half a step on the EDSS, or 2 points on one of

the appYlBhiceat @c palNOPlagKd Rl SsjrsnBmitsipheRticrsEre Serondary bindpoigss) anddn sl ror e
of the &QHQ{tQQrHa?éh‘ﬁe ERBat (I8 & RANGS all WS el hREfinet A8 wRek £ R dadieS, (i a €

pyram gait, cerebellar, brainstem sensory, or visual). Sensory

c hangesﬁub@mu@@(ﬂ ip@tleglpe@m«w,ps ﬁaetnrlgi)ea biatnoY RE bran grepestorthédial deeko?6 Bawel©)ur gency
or incopyi (e to establish a relapse. The exam ning
|nvest|ggﬁgsgg%g “ﬁ%%éirelapses t hat adhere to t he above criteria.

[0361] ex objectives in this stud clude ut may not
be | i m[i;gbgﬂ ’Phe R bnéyuidﬁ he acq&nsm(in of the I‘loﬁmng sgans at eaf:flP 1rn5IT% fromt he
basel i nmlgﬁethl\/m%m sdddekl wzigh&hamgbscam(mmngadohmm fﬂlﬂ’laﬂ‘@ineﬁt(t,ams Tof the brain

fromWek 1 a, subgr oup of patients receiving ocrelizumab;

t he toﬁﬁ?gﬁﬂ%%@gSﬁpﬁW&Rggﬂ&PWPl a&? Jily- T2 | esi ons observed on MRl scans
of the brain at veek 2 12, 16, 20 and 24; the proportion of patients
who remain F?@@”ﬁ?” Qﬂ@@ 81i ni um enhancing Tl |esions by Wek 24; tine to

first new gadolini.um enhanci ng Tl Ie5|ons devel opi.ng over 24 meeks to
eval uatl@3¢He Ppabitiyareergistondgs afwaqurf‘élf'%Ye%@ DY asseased ingll patisns Y £1¢ nunber of

gadol i flh&b!ﬁ‘eﬁ%ﬂ@d%fnﬁ}gng" nvéﬁlgm@paﬁ s@l%er\‘?ﬁ?lﬁﬁi AELED WRESIhYIUIHoMPhd Pudy dnfipatl ment
cycles of ocrelizumab in a subgrou pati énts; proportion of patients who

r emai n the @bseryayan P@ucab%@énqhdlmerﬁléaé?llhtﬁn@gmss;@w@sew@ﬂ|aﬁ@roﬂ4r\@qe§§>ses) during
each treatnent cycle and at Weks 48 and 96; proportion of patients
requir i[ﬂ@%ysDénblhtyrm@gmsmeﬁdﬁfm@ aran inerease wBAtl.F mrintdrpnvbe badeips EDEr i ng

each t I 8% ms u%ﬂe t% né%grke%iol%gy @Q f(?\%.r, C%H&lﬁ%lll! iﬁﬁgs,cdricgﬁc%ﬁlitaﬁltnd

pr ot 0co |ne
medication) when the basehne score 18 5.0 or less, and = (.5 when the baseline score is 5.5 or

more. Disease progression is considered sustained when the increase in the EDSS is confirmed at
a regularly scheduled visit at least 12 weeks after the initial documentation of the progression. An
alternative definition of sustained disability progression requires that the increase in EDSS be

confirmed at least 24 weeks after the initial documentation of the progression.

[0366] The EDSS is based on a standard neurological examination; the seven categories of the
EDSS representing functional systems (pyramidal, cerebellar, brainstem, sensory, bowel and
bladder, visual, and cerebral and/or mental, plus “other”) are rated and scored (collectively,
functional system scores or FSS). Each score of the FSS is an ordinal clinical rating scale ranging
from O to 5 or 6. These ratings are then used in conjunction with observations and information
concerning ambulation and use of assistive devices to determine the EDSS score. The EDSS is a

disability scale that ranges in 0.5-point steps from 0 (normal) to 10 (death).
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rate during each treatnment cycle and at Weks 48 and 96; time to first

prot ocol -defined rel apse by Week 24; time to first protocol -defined rel apse
by Week 90 201083380 onset of sustained disability progr@€esiuseoa®snsf i ned by
the sustained worsening in EDSS of 1.0 point or nore for 12 weeks through
Week 96; tinme to onset of sustained disability progression as defined by
the sustaiped: wpﬁ@s@lzmzls&mi;fafﬁmmﬂabqn PRinfliry ProgiBsHe WMl sieRks t hrough
Week 96; to explore the effects of ocrelizunab on the primary and secondary
st udy éﬁﬂWnts vs. Avonex; to explore the correlation of polynorphic

variants in genes associ at ed wi th RRVS susceptibility and ocrelizunmab
act i vi tif3GMd &hendapeasti doublespiodsraralls]! govm placebradynirall RRVBIsartFiebitags I1HH

expl or Kol e r ated with
RS < oL PRI R LR ikl B e B B0, 2. Donee 10
ocreli thngbsstvreMmlnplmSc]emsRRR/ﬂ\/Iﬁahs @fined by Mabgealil ar 4/liAnMdurol Ed1Hat | gue

| npact VEI from baseline to Weks 24 and 48; change in the Fatigue
Scal e fﬁ?dﬂ\@t arsé’ﬁgz)@be&m tive Functions (FSMC) from baseline to V\éeks 24 and

48 in,the ortlon ients who mpved. fro

o D8 e s SR b i D21 S iR TS SRS PRSP ompar | ng
basel i ngudx@nideesEmedtiall dvé}ﬁblec’fﬂﬁmg@ndn&ch heasCemiited QF i.ERiddeiTRliegheal

St udi es- DepreSS| on Scale (CES-D) from basel i ne to Weeks 24 and 48; and

change 55414 Pradyst pof mgéml S(S?Fhuﬁa‘fhl‘éfﬁles W mbRwortagnila 7 $P atedmbiodigikat er

depr S gl V.fe HYRIATBILLQAY whr for %é’étl%n @IﬁH B%§ Saagl?%ﬁs%sdf‘éﬁldi/RH}%tc%H%t&l &gy on
CES-D, comparing baseline to . Brain | [ 0362] MRl is a

usef ul twoalv. mésions (sepasntcchby é@dayrsmf 1@@9 mstu@y@b enplagis) Subgssisgresiverd UvS,

Brain I t.aj ' Sy«

Secondiry BAARS! Gy AW DRY 1] ot (R EREER ARt RRREARPLE DI Bust BEE,

i ntervalls Sllds'mmrmtmlsaeétammo@m (e kandiphdnhy@dﬂlrtei}HEi (50 mga os edprigh o byof

o ot S S B0 B R A R LGRS B (V11

acqui Sllhﬂu@ﬂ@nCﬂl 96 h@el&scxbfltﬁwcmgmsﬁ abbjeat weaGherd dtfeulelynthedliRd vivak glit ed MR
scan, Tl - ghted. MRl scan (w thout gadolinium enhancenent), and
Tl wei grﬁhéacwar%%wnéweml@éfd% MBL?«.%S%W&%é%ﬁleft adxerse evemisrnd yitalsigashi | ty

[ 0364] al;%d%@&udlﬂlétyrcnﬁﬁghaﬁab@gy aSruE@S MBSk PndfARSy LS 1B3S@ssed in al |
patients by the independent &Xami ning investi gat or at screening and every

12 veekp3goir opgaamt ddaligraphitd ¥r thitnt-Iro 1iR&: ASS SUALLLRe PRERA iRtrairch time

di sability progre53| on’is assessed after 24 weeéks. [0365] Disability

progre fé”.’, iRnfd agﬂl%qnﬁﬁa&g & OREEASRHES: Iitent:0- TPé)a't Q%b E&Qm the baseline EDSS
score t i's not attributable to another etiol ogy d. fever, concurrent
illness, or concomi t ant

Placebo Rituximab All Subjects
Characteristic (n=147) (n=292) (n=439)
Age (yr)

n 147 292 439
Mean (SD) 49.6 (8.69) 50.1 (9.02) 49.9 (8.90)
Median 51.0 51.0 51.0
Minimum to maximum 20 - 66 18 - 66 18 - 66
18—<40 20 (13.6%) 40 (13.7%) 60 (13.7%)
40—<55 80 (54.4%) 145 (49.7%) 225 (51.3%)
255 47(32.0%) 107 (36.6%) 154 (35.1%)

[0370] MS disease duration was similar in both treatment groups. Baseline MRI results are
summarized in Table 4. The baseline MRI characteristics were similar in placebo and rituximab

groups.
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N
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MRI = magnetic resonance imaging.
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Characteristic (n = 147) (n = 292) (n = 439) Age (yr) n 147 292 439 Mean
(SD) 49.6 (8.69) 50.1 (9.02) 49.9 (8.90) Median 51.0 51.0 51.0 Mnimumto
maxi mum 290-2080338B7- 66 18 - 66 18-<40 20 (13.6% 40 (1BCTAS2@0/067T131 7%)
40-<55 80 (54.4% 145 (49.7% 225 (51.3% > 55 47(32.0% 107 (36.6% 154
(35.1% [0370] MS disease duration was simlar in both treatnent groups.
Basel i ng3M R&RMhfiAiBE §aSHARBED RArdidY (bARUE sife; bdREnO@&SELE 8 eMRldcfined
characteristics were simlar in placebo and rituximb groups. Table 4 :
Basel i iy BIRIS @bt 40). Bateding EDSS Ty watma@ub{ eckable PlAaceabaltRf thexdynabicAl |

Subj ect s l. Endppi nt 14 (N=292) . (N=439) Tot al gadol i.nj,um enhanci ng
Pesr on P UBATOR B robieh S0 iR 1 Elop HRERPLen ) B SRHG LN TLERRRE, )

Medi an s@ra@fi€tiOn GichrdM ni mrumto maximumO0 - 8 0 - 32 0 - 32 0 110 (74.8% 220
(75.99% 330 (75.5% 1 23 (15.6% 44 (15.2% 67 (15.3% 2 5 (3.4% 10 (3.4%
15 (3. 4P4pleSF: Bafedind Rratification/ PYctokf) [iRaddfeverid [dtehtdo 0} at BuBjefts. 8% 15 (3. 4%
Tot al gadol i ni um enhanci ng | esion volune (mMmB) N 147 290 437 Mean (SD)
27.56 (81.86) 49.50 (220.32) 42.12 (185.82) Median 0.00 0.00 0.00

Placebo Rituximab All Subjects
Stratification Factor (n=147) (n=292) (n =439)
EDSS
N 147 292 439
2 6 (4.1%) 8 (2.7%) 14 (3.2%)
2.5 5 (3.4%) 11 (3.8%) 16 (3.6%)
3 11 (7.5%) 22 (7.5%) 33 (7.5%)
3.5 21 (14.3%) 36 (12.3%) 57 (13.0%)
4 25 (17.0%) 47 (16.1%) 72 (16.4%)
4.5 8 (5.4%) 19 (6.5%) 27 (6.2%)
S 6 (4.1%) 10 (3.4%) 16 (3.6%)
5.5 10 (6.8%) 10 (3.4%) 20 (4.6%)
6 28 (19.0%) 81 (27.7%) 109 (24.8%)
6.5 27 (18.4%) 48 (16.4%) 75 (17.1%)
Mean (SD) 4.73 (1.395) 4.84 (1.369) 4.80 (1.377)
Median 4.50 5.00 5.00
Minimum to maximum 2.0-6.5 2.0-6.5 2.0-6.35

EDSS = Expanded Disability Status Scale.

[0372] Additionally, the two treatment groups were similar in other baseline disease severity
measures: EDSS, Kurtzke Functional System Scores, the Multiple Sclerosis Functional
Composite Scale (MSFCS) score and the MSFCS components (Timed 25-Foot Walk, 9-Hole Peg
Test, and PASAT-3).

Efficacy Results

[0373] The primary efficacy analysis for this trial compared the time to confirmed disease
progression, during the 96 week treatment period, between rituximab and placebo. Disease

progression is defined as an increase of = 1.0 point from baseline EDSS (Kurtzke J. Neurology
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M ni mum to maxi mum 0. 00 - 556.40 0.00 - 2660.00 0.00 - 2660.00 T2 |esion
volunme (mmB) N 147 290 437 Mean (SD) 8850.86 9336.66 9173. 25 (11808.95)
(13744. 94y0(0B10B33898) Medi an 5199. 50 5240. 50 5220. 70 M RCEI$2A09/08HEI num
73.83 - 74534.0 174.00 - 73.83 - 155303.0 155303.0 Brain volunme (cc) N 130
237 367 Mean (SD) 1210.91 (128.89) 1202.92 (120.23) 1205.75 (123.25) Median
1209. 5 ?;Béﬁg 1@44@@?19@3»419&@"65361196 EBXE U442 and1592g0ifks (helufife); ordem08. O

642.0- 1 netic resonance i maging. [ 037 Random zati on was
stratuﬂméémaeﬁﬁpéﬂﬁgﬁm%h@buﬂym%EE%Sﬁ%@%épwn@ F yhighe g é ot pligfafiel® by
EDSS ( result of
the dynamit RIS 5, BRSS! & Pl ol Mot
group wesliskimnl ar at all levels of the stratification factors. Table 5 :
Baseline Stratification Factors, D sease Severity Intent-to-Treat Subjects.
Pl acebd0R4] ux$matiieAbhalBubjhewtd thst riakinfabelat n@nigkdctwly deythd dafinged = 292) (n

=439 SS N 147 292 439 79 4 49 1 1
(3. 8% BN e E foitusd s v ey Pl oied, Taopduhis e

( éng%pzaggnt% ﬂrggﬁ%énggbﬁ% \ﬁl_ébe}s ($I7] eﬁlﬁlagehﬁg)- 28@%3%0@&@04% fodt tie ;ﬁacél&) &) 19
(6.5% r1tux1$nab gr{?ups respf(:ctlvel}/lo (Table (()) Kap/l()an Meier plots/?or the time to confirmed disease

progression are shown in the Figure 8.

Table 6: The Time to Confirmed Disease Progression during Treatment Period Intent-to-Treat
Subjects.

Placebo Rituximab

(n=147) (n=292)
No. of subjects who had CDP (%) 53 (36.1%) 83 (28.4%)
No. of subjects who censored (%) 94 (63.9%) 209 (71.6%)

Stratified p-value

Log-rank test 0.1442

Stratified hazard ratio (rel to 0.773
placebo)

95% (I for (0.546 - 1.093)
Proportion of subjects with CDP

at week 24 6.9% 9.1%

at week 48 19.3% 20.2%

at week 72 30.3% 28.0%

at week 96 38.5% 30.2%

[0375] Secondary efficacy endpoints included change from baseline to Week 96 in the total
volume of T2 lesions and change from baseline to Week 96 in the brain volume. A Hochberg-
Bonferroni procedure was used to control the type I error rate in testing these two secondary
endpoints. The change from baseline to Week 96 in the brain volume was not significantly

different in the two treatment groups (p=0.6237). See Table 7.
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Table 8: Change from Baseline to Week 96 in the Total Volume of T2 Lesions on Brain MRI

Scans Intent-to-Treat Subjects

95

Placebo Rituximab
(n=147) (n=292) p-Value
Total volume of T2 lesions on brain MRI scan (mm3)
Baseline
N 147 290
Mean(SD) 8850.86 (11808.95) 9336.66 (13744.94)
Median 5199.50 5240.50
Range 73.83 -74534.00 174.00 - 155303.0
SE 973.99 807.13
95% CI (6925.93 - (7748.06 -
10775.79) 10925.26)
Week 96
N 147 290
Mean(SD) 11055.55 10843.80 (15827.44)
(14536.29)
Median 5526.60 5569.35
Range 94.92 - 86232.00 179.30 - 170464.0
SE 1198.93 929.42




Stratified hazard ratio (rel to 0.773 placebo) 95% Cl for (0.546 - 1.093)
Proportion of subjects with CDP at week 24 6.9% 9. 1% at week 48 19. 3% 20. 2%
at week AZ020103%338. 0% at week 96 38.5% 30. 2% [ 0375] Seecmdseqoomsfistacy
endpoi nts included change from baseline to Wek 96 in the total volume of

T2 | esions and change from baseline to Week 96 in the brain volune. A
Hochber g- Bonferroni procedure was used to control the type | error rate in
testing these two secondary endpoints. The change from baseline to Wek 96
in thel brain vol ume was not signifiPlagebey diff eldximabthe two treat nent
gr oups (p 0 6237). See Table 7. Table=IA7) Change =324 n Vol um"eVﬁlrl@m
Basel i 0 deEk 96 {03761 7 . ‘ SHEES T

the two trea manIts for the change 131,44 IeS|on VoL URB.f rom basellne to

96 (p=0.0008). The nedian increase 1 n 'vo?l unme of e T2 | esion was 809.|50
mB  and’h3fde. fB&n balingtotwrek phbacebo and rituxi mab groups, respectively. |(See
Tabl e 8 andl\Fl gure 9). Table 8 : Chapge from Baselipe to Wek 96 in the
Total Vol une of T2 Lesions on Brain | Scans Intent-to-Treat Subjects
Pl acebo RI t MéameliD)( N=147) (n=29204ppN@Be24jot as0NIel An¥0.4F) T2 | esi ons gn
brain S mB) Baseline N 147 Mean( SD) .86 (11808.95) 9336. 66
(13744, 94) ﬁ)@dl%'n 5199. 50 5240. 50 F?a(ﬁgﬁ@ 73.83 - 7%@3% 00 174.00 - 155303.0
SE 973. 99 8®and8 95% ClI (6925. 93 --845/1¥B- 06 --4031AN5.24976.00925. 26) Weelkl 96
26367.00

SE 355.17 219.59
95% CI (1502.74 - 2906.63) (1074.94 - 1939.33)

Treatment difference in LS -718.24
means(vs. placebo)

95% (I of the difference in LS (-1504.48,68.00)

means

ANOVA t-test (stratified) 0.0733
Friedman ranked ANOVA test 0.0008

ANOVA t-test (stratified) on 0.0006
percent change from baseline to
week 96

Friedman ranked ANOVA test on 0.0005
percent change from baseline to
week 96

[0377] Analyses of all exploratory endpoints except the change in T2 lesion volume, enlarging
T2 lesion and new T2 lesion showed statistically non-significant differences between placebo and
rituximab arms. Compared to placebo, the rituximab group experienced significantly less increase
in T2 lesion volume at Week 48 and 122 (p=0.0051 and 0.0222, respectively); had less new 12
lesion at week 48 and 96 (p<0.001); had less enlarging T2 lesion count at week 48 and 96
(p=0.008 and 0.072, respectively).

Subgroup Analysis

[0378] Subgroup analysis for the primary endpoints included time to confirmed disease

progression according to the following demographic and baseline disease characteristics: sites,

age, gender, race, prior MS therapies, baseline EDSS, duration since MS symptom onset and

baseline gadolinium ((Gd) lesion, and baseline Multiple Sclerosis Severity Score (MSSS) (an

index of how fast the patient progressed; see Roxburgh et al. Neurology 64; 1144-1151 (2005)).
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N 147 290 Mean(SD) 11055.55 10843.80 (15827.44) (14536.29) Medi an 5526. 60
5569. 35 Range 94.92 - 86232.00 179.30 - 170464.0 SE 1198. 93 929. 42PI acebo
Ri t uxi mabwQreba3}3s8(n=292) p-Val ue 95% CI (8686. 04 - (90P¢TAB200903425. 05)
12673. 09) Change from baseline to week 96 N 147 290 Mean(SD) 2204. 69
(4306. 24) 1507.14 (3739.45) Median 809.50 301.95 Range -8557.00 - -4031.00

- 2407091 263%/5u80k0 al?a‘i}EsierZs&lng%%st%%;&e%al(tﬂe%%n? drtect BRBediShnb 4Q74. 94 -

1939.33) Treatnment difference in L 24 neans(vs. placebo) 95% ClI of
t he di fyfourganawogrpssedsmorerapdlyABicBg. MBYS s anid (Newvpans at bassting diiguae 19) ed)

0. 0733 \hj.E6kmaly - b@% : ﬁb\%@é{ 1 - i fi on
0. 0006 l\géﬂf cent gﬁ%ﬁggeq}cﬁom acgsg(ﬁitaﬁ% (?glgﬁ/%e égéhlt[—lfr: %lgé ng(r%grrf(?arra{{}ée%éa ; tA t est
on 0. 0GOfscidere bevn vehBahesifg onitibasel dambysis omepedkF@6re 03nd Fighnal 3)ss=z abio al |

et o B S a2 Sk GROERLWEAFISR T ERekdlp S ok SRRkt e SR BF B Ences

bet weermpaptmcehb l@gstanding disease and slow progression was selected using modified
inclusion/exclusion criteria (age < 55, 3 < baseline EDSS < 6.5, excluding patients with disease
duration > 10 if their baseline EDSS <5 or disease duration > 15 if their baseline EDSS 2 5). A
significant treatment effect was also shown for this subgroup (stratified log-rank test P-

value=0.01; Figure 13).

Table 9: Time to Confirmed Disease Progression Subgroup Result Summary.

Total |\ ~pp@wk 96 | CDP@WKI6 P_value
Subgroups N Placebo Rituximab HR | HR 95% CI | (Log-rank)
All patients 130 B38.5% 30.2% h/a  n/a 0.1442
(Primary analysis)
Age <51 15 W4.9% h7.5% b.52  [032.086) 0.0101
Gd+ 107 B52.8% D7.4% 041 (021,080) [0.0069
Gd+randage <51 [12 [5l.6% D4.6% 033 [0.14.0.79) [0.0088
Gd+ and age <55 193 19.5% ho.1% 040 [0.19.084) 0.0126
15\45555 >=5and age<ps)  ego 09.6% 059 (0.38.0.91) 0163

[0380] Subgroup analyses suggest that PPMS patients with evidence of active disease show
significant clinical signs of treatment related benefit as measured by time to confirmed disease
progression, as well as change from baseline in EDSS, MSFC, and T2 lesions on brain MRI (data
not shown). Independent factors that appeared prognostic of disease progression in the placebo
group and potentially predictive of treatment response in the rituximab group included the
following: younger age, particularly age less than 51; presence of contrast enhancing lesions at
baseline on brain MRI; and higher MS severity score. These observations serve a hypothesis
generating role supporting a potential therapeutic benefit of B-cell depletion on confirmed disease

progression in appropriately selected progressive onset MS patients.

[0381] While this study failed to demonstrate primary efficacy in the overall PPMS population,
subgroup efficacy analyses indicated that patients with contrast enhancing brain MRI lesions at

baseline potentially responded to treatment with rituximab, with a 57% relative reduction in the
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rituxi mab arnms. Conpared to placebo, the rituxi mb group experienced
significantly less increase in T2 lesion volune at Wek 48 and 122 (p=

0. 0051 amio00B2B2587r espectively); had | ess new T2 | esi oRrCatUSa®ek057481 and 96
(p<0.001); had less enlarging T2 | esion count at week 48 and 96 (p=0.008
and 0.072, respectively). Subgroup Analysis [0378] Subgroup analysis for

the prigaRdy (R0 eF nFirhBE N8 obFsidPin Gk dafBL o R ERS BlaPERIHRR R iON
according to the foll ow ng denbgraphi c and baseline di sease
char actlagplytuerot eatirelyglrivag by a geridiegh, placgbe Copfirimsd DNBaseirpeigisean (CPA3 &3¢ ne

EDSS, l=a gk [ t ' i,n .2si on,
and basdrrng WP TER YRR I AN ERE S CREOCRES L TRRRF RO RNHIRREL Wi Fase
t he patd Bt raptiogrelesied; in sechaRor blicgtiinetd discasdpropebognan@id; pldcedal- 1 151
(2005))

. [0379] The r nal ysis results suggest .a potenti t r eat ment
Lt oo) rhehRibhafiP g BHaRL BiR, ARAEhE oSSl Corh R SR El 5 7 L s o)
or W t hrofsdlale@tisd pusshadt anaps®lof the 7@ pagenteexhbiting\ontechaeicieriaitdiréveuled pmede ct i ve
effects of age, Gd | esjon at eline and MSSS for the treatment effect
have bé’é?fl‘\b‘équfaip%%felﬂgflﬁb" wf@w%”zrr?la&l@r faglign f%thﬁgf%ﬂofml@weg%isfa%nd Fi gure
12) . SqRo@bsn [@1€9°2In BaSEE0H) thE@feHd fr6iB@RnWhit bt ¥B6% wa nstRghQWinof t he
study popul ati on excl udi ng ol der ﬁatl ents with | ongstandi ng di sease and

sl ow pribgyrasier alhpatissts sdtheahangingdVIRblepigns Fibateling Grusosisy B¥CPEPBEFsOpit er i a

(age 2 po- 3 ; ; ; cxect ust

durat] an SupRHRARPRELT RPN R PGl BRABERISRARI I SERAE e

basel i NeheEDSEYMM)S placedp dati £orehvrate naaahigsibryefbbgeationasn dlestinshlowd MRF t hi s

subgro stratj fi 0g-ra e Pval ues 0.01: Fi abl : Tinme
o cont kb ah L B8 PREP AN E Rl ol o BHEES LB &l o
anal yseasasu@gestl 1):2e8-3IBRME)3pdlredittst wi. MalresSviedeidcH:30f-24¢20088 Tdeskeasealshow
significant cljnjgcal  si f treat t related efi red by time
Fo-conf Tt SLIad Sre GReS RSB 1 SR ArTE f oM BaCE P e | n- EDSS
MBFC,  amnghthdigndr& SheMAGNIMY @inftaMild NIHBEShoRQtudg ieWibed 4 LBARSNCRRLS faB6kor S

t hat appeared prognostic of disease E};ﬁg{gr ession in the placebo ?r oup and

m

pot ent i¥&ifh Bofsriaihneniior MRI pqlviy feht BHSECIUFFCPRG 2 MOFGRTIERBS Y FBup
i ncl udegbigy ﬁx%lfgﬂe%ﬂ“@ﬁ%é’&%gl.efvez%ﬁmﬂ%u% gwcﬁ{aw 7805 10858 ﬁmw%j% (Rd:

presence of ‘contrast enhancing | esions at” baselihe on brai and hi gher
M5 sevepi YYPESqracebd s eppobysie cosfiriothssepbsayeatignhiop dreHastitanggener ati ng rol e
supporting a potential therapeutic benefit of B-cell depletion on confirnmed
di seasdixanpdr sk Phaseil N Stpgdyr @ffddrelizeingh sie Pergresdivp Modiide Silgwsisnset VB

pati ent 03 [ ' t fal i [ Jpar ffjhcacy in
Phe. ovddaiy panteol fabithRed e b BRhd SO REMBUE: RLTBEVIgl: bES

pat i entsafewy dnld effiraty ast00anhainairdiguinniabscoflarddesithgiiscedd in adults with

progressive MS is performed.

[0383] A total of 630 progressive MS patients (315 with progressive onset and 315 with
relapsing onset MS) are enrolled and assigned (2:1 randomization) to either ocrelizumab arm or
placebo arm stratified by site and type of multiple sclerosis. This study consists of the following
three periods that apply to all patients: a screening period, a treatment period and a treatment free
follow up period. In the first course of study drug treatment (300 mg ocrelizumab or placebo
infusion x 2) are administered on Days 1 and 15. In subsequent treatment courses, patients are
dosed (600 mg ocrelizumab single infusion) every 24 weeks until the last patient enrolled

receives his/her last course of treatment to be administered at Week 96.

[0384] Prior to each study drug infusion, patients receive treatment with an
analgesic/antipyretic such as acetaminophen/paracetamol (1 grams) and an 1.v. or oral
antihistamine (such as diphenhydramine 50 mg), and 100mg methylprednisolone intravenously,

or equivalents, to reduce the incidence of potential infusion reactions. In patients with Common
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baseline potentially responded to treatnment with rituximb, wth a 57%

rel ative reduction in thehazard (1-HR) of confirned di sease progression in

t he treatwo 2groa3pssver sus pl acebo, which is largely but mOT/USpao9f&t1gl driven

by a very high placebo Confirned D sease Progression (CDP) rate of 52.8% at
96 weeks (Figure 10). PPMS patients aged less than 5 1 may al so have

benef i tREminMdo ré AR% <k elvatis Herd LBPGHLoR of Highé}Qsé%%/afn%sﬁﬁn ©ubhd WrE di sease
progression and a placebo progression rate of 44.9% While the presence of

cont r agssasiitrdrieipirglonesinmhemydidag evhee s of bygackospapnp eddditivgal tcatepst Wb c

anal ygb’?or%im&iﬂ‘?or;%ai?ﬁ% '*ngﬁta&dexhi biting both characteristics revealed a nore
pronounced apparent - effect, with a 77% relative reduction in the hazard of

rogr eadyss] rRAMCPRARAFTSAN: LMl Erclarop fhobhd (BUPHRBHIRIRLACPTD, |
wi t h erhBewing gouviRis of esilpdisg atatbesielihmene fputl, serhioweman atte hoharpamigpdyssi on i n

the rituxi pab up. {24. 69 . account or the potenti all reater, risk
oduct iARRE R PRI SR San R ensep e erBE Gl pE6EREE e ur a

hi st or yphabsebMatticanslyon abdiflocd daniptalaradatiedEl foi 8 @llageneicicymahtid?PBRepat i ent s
(Sastre-Garri %a et al. Neurol ogy 65(4):633-5 (2005), Ingle et al. Brain
126( Pt cPyis srFglloyeed @ gphyrmagpdypptcmarergl octgipymase| or . 14(3):3 14-24
(2008), Trem ett et al. Neurology 65(12): 1919-23 (2005), Kremenchutzky et
al . Br digiendyppatiay amplelgnion (pedE) ). Furthernore, the MAGNI MBS clinical  and
MR cohgsge) st vlyialessdpulResh for stiPsiedy RtubRVaLARS WeRbRWistile MY @it &f | ammat ory
MRl activity early in the di sease course and a worse prognosis for

di sabi |Withpupt bigloesefisepernpragederelapseg) Patients wijhpresiresngg ?iggalpﬁyélm sbdy 76(9):
1255-8 .. . . . L.rm
obaar vars aalerisb o PhaSRa P PRERI M Dl RS Fand

Cer el | z¢mad of (mPnibg pegsiatee [ Notumgpliel iScteetilols less pOBRR]logAcdPiasgon inlthe

random zed, doubl e-bli.n aral |l el - gro. | ticenter study to,evaluate the
Caf oty Bideef PEBRE b Mo R A R F TP HB e B E TR R MR R RS £
adul t s rapitl dispriigrpesgtssnMBingScriv@faf ioentigdd af p3&dhl Askifadtals i0pre6id0s gmdgl essi ve
M5 patients.(315 with ogtj.ress' ve onset, (in(? 315 with rel apsi.ng onset MS)
are enrghf &4 é’ﬁ‘tﬁr%]é’f’&ﬁiﬂa 18IS e SREIEH DA oY) 1ES a6 RGNS Of BRBYRAEAR ar m or
pl acebqn AeBefblApinkl fRA] SIS i(§1R08RHaltb¥Re RElciibd 4o} BISS! RhBSd Snhahbihg St udy
consists of the followng three periods that apply to all patients: a
scr eenilegonsenibsdn MR high folense agivity sepcaimposedinagpriglapserelated pesigrestiomngnger i od.
In the Jl(')rE%éoi&fﬁWoﬁ@aé%cuﬁ{umn Figatfifiat ment (300 ng ocrelizumab or placebo
infusion x 2) are admnistered on Days 1 and 15. In subsequent treatnent
course ti . I - S i i very 24
neeks JUTH' ¢ RIbRUGHAARREHDL BPTICR: B IR, By B {ReBR 16V CY
t r eat menbforpanve vadirhafodib @imgdndbsivhéakl e88nsipOd8diia:Pri or to each study drug
i nfusion, patients receive treatnent with an

Inclusion Criteria include:

1. Diagnosis of Multiple Sclerosis in accordance with the revised McDonald criteria
(2005).
2. Progressive MS, characterized by documented, irreversible loss of neurological function

persisting for = 6 months that cannot be attributed to clinical relapse.
3. Ages 18-55 years inclusive.
4. EDSS at screening from 3.0 to 6.5 points.

5. Score of = 2.0 on the Functional Systems (FS) scale for the pyramidal system or gait that

is due to lower extremity findings.
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anal gesi c/anti pyretic such as acetam nophen/ paracetanol (1 grans) and an
i.v. or oral antihistamne (such as di phenhydram ne 50 ng), and | OOny

met hyl pr esl0i28 /0383871 nt r avenousl y, or equival ents, to re@@taseée/0s16i dence
of potential infusion reactions. In patients with ComonTer m nol ogy for
Adverse Events (CTCAE) Gade 3 or higher (severe) infusion reactions with
assocl aged resRhéAlrar héﬁ)éﬁ@éﬂﬁ@fcﬁl%ﬁvﬁﬂgqg&oratw@%ﬁﬁ%g@ﬁn QCSF@ﬁ&ﬁﬂéﬁdﬂained )
additional treatnment with bronchodilators may be 1 ndicated. [0385] Routine
| abor at ewynesheghireeaingrneriedh prdosaaicnted witkin dla preHeusst magths g indicaiediby.ifonal tests
fol I ow %@?&%E@ﬁg@fg(%%a}nqg&ngg(? %ggt%)cl gfbanhm&?ed ?(leiecﬁ eréHsB;%Ua”

anti - human "ant 1 body h tests are al’'so conducted.” Serum
sanpl es-of t ..phar macoki neti c anal ysis and

bl ood strrpI ?srl:sae?% dggﬁegsét%{elegoﬁg% @%@%J@%ﬁht determ nation. B-cell counts
are followed as,a ngar macodynam ¢ marker of ocrelizumab. Patient Popul ation
and Sel ecti on Cﬁg?e a [0386] The target population for this study includes
patients with progressive MS with or w thout a history of superinposed

rel apses. Pati eﬁ‘(f)ig IGHnh ogpw&@iaysgrq@glngm gitgin %Iitﬁ%‘%fisﬁreg?lﬂ y are
characterized by a diagngsis in accordance with the revised MDonal d
criteria (2005) Aakastd-RytdRrreRe B B AT frst gryeatd plahutde rislapsd
irreversible | oss of neurological function in the absence of rel apses.

Pati ents are sellwetrddpsgi inpaghivdeade of active di sease and hi gher risk for
nore rapid disability progression, using criteria identified as potenti al

ri sk fact or sExclusipn eviiepgsndiideni cal trials with progressive Ms patients.
These factorg.l : ev] tnflammation in the

cerebr og'pi na]?eléplrg&%gg%&é%)%?gﬂeg%gﬁo(s)lg\éi Qgegﬁ@%?glrdtgp evated 1gG i ndex),
contrash e”%@‘é?dsé‘gn' S RIS 1Rl A N4§é§g1pto%sgﬁqo¥ee&1§[9§§ sti'n"'a{iééltswﬂ% posed
on non-relapse re ate progression, and noreé rapi 1 Storéal accunul ati on
of di sabBDISBtayscr¢e@B@? 5.Abt mpattha@nt(sycus|iupiteatsivit @D atgrilobeng o15.0.
participation in the study are screened for conformance with the foll ow ng
i ncl usimficandnexakusi on criteria: Inclusion Criteria include: 1. Diagnosis
of Mul thgés‘? | erosi s q ace r danc V%A t ht thef.revi sed McDonald criteria
(2005) .102P8] pr By UGy 8THGRSY WRBPAGE 1 Ao BB S A0S P U Si B e | 0ss
of neurpbaeistalis ddfined boih ipEE S S ENQG) ot fronBba¥eleTEDII) @t th€ BaBMie HIBSS is
attributed to clinical relapse. 3. Ages 18-55 years inclusive. 4. EDSS at
scr eenihsgyaep 3 ®I@-X Rpigs §ngdsirg)sor ag incgeast ef ©f.-Spomtpifdhe baeinedieYy bral

Syste m;jé F&)lts,%%ﬁicfl Qﬁantgg'?s Y Elﬁjigu%he t%%ﬁ&tﬁép e?i%lo%?i(}. g.:[ 1%@&, concurrent illness,

MS relapse or exacerbation, or concomitant medication).

[0389] The EDSS is based on a standard neurological examination; the seven categories of the
EDSS representing functional systems (pyramidal, cerebellar, brainstem, sensory, bowel and
bladder, visual, and cerebral and/or mental, plus “other”) are rated and scored (collectively,
functional system scores or FSS). Each score of the FSS is an ordinal clinical rating scale ranging
from O to 5 or 6. These ratings are then used in conjunction with observations and information
concerning ambulation and use of assistive devices to determine the EDSS score. The EDSS is a

disability scale that ranges in 0.5-point steps from O (normal) to 10 (death).

[0390] The secondary efficacy endpoints in support of the primary efficacy endpoint include:
change from baseline to Week 120 in the total volume of T2 lesions on brain MRI scan, change
from baseline to Week 120 in the 25-foot timed walk, time to confirmed disease progression, with

confirmation occurring at least 24 weeks (= 168 days) after initial disease progression.
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is due to lower extremty findings.6. Presence of at |east one of the
follow ng | aboratory findings in a CSF speci nen obtai ned during the
screeni ngvpepiogd3ssr docunmented within the previous 6 noRCRASa@9iosHscat ed
by, for exanple, elevated 1gG index and/or 1gG oligoclonal bands detected
by isoelectric focusing. 7. Presence of at |east one of the follow ng
criteria: Ag@esg,‘,@gnofﬁgza[;sgm ons on brain MR at screening or wthi n 6
nont hs of screening " At least 1.5 point increase in EDSS over past yrs

not at tIP3Hdt aBtients grercaplypisa forrglapseeuihs disating ipyestizatofct 9@aerSItEk@Pgﬁsqubn
criterig. g é’hqerf ndees&8), APHARALRAV Isid RLoTHh ke@elp‘é‘essdsebﬁ{@%b&“één RELRRY ”9

(Visit 1) 2.” Disease duration fromthe onset of ns: nore than
years itp lpeﬁtt|t1@rvtf$erwftnha ptoEDSEfiatd tapes ticrrglapseSs defoed apthe Otmlamnmfylewr s |n

pat i ent of Wi stemn neungglcg‘lt %y%l%lio tt@]i%utabé 10 M§E o 11%%%%1a§?}§%r¥csed§d {))Q g ?e%ltl

primary &rf ol n con rogres

Di seas este;bleagnmgmvmg nesrott@idah@dle asleadn 30 ﬂaty’se&yiﬁptofns mukt p}rmlfm>2f4rlmmskaa$el i ne
EDSS, ne, EDSS i i.nclusive), or an
i ncr eas% ‘BF thtt? %mb‘bti"“ﬂ’? Lo “inf"”tnﬁ \Aﬁglé?l%ﬁ%"réffs% f"%er mﬁ“%"‘bg‘i‘JH’EYs ABFBF whi ch
change rb&tibfd to@bhdonidh@ht BediiondNPHRv @twddde@fiy neBrobgical §¥fiomE@BABE T ent
illness, MS rel apse or exacerbation, or concomtant nedication). [0389] The

EDSS | SCEABRicd Ry £DSEAYSPEP s BPBERIBRFONSRIH WHR Pbincrcatrel gblgatt halipegor i es

of the &SR hePHSSERDI pBQnJ M{‘&{e' o@'&?e' apﬁ%%h?t@@SSP&rlaﬂ&lﬁ%h w6 8f 8BR! Jrale
brai nstem sensory, bowel and bl adder, visual, and cerebral and/or nental,

pl us " ciPheopriyte HHS. T@@dnanwsséf(ﬁfrceale(selmtﬁ@% el yvyraﬁm,tar@uéﬂtlosy@teéﬁﬂascor es
or FSS)bralﬁﬁglg,rs%gs%rﬁ 09L1s£ 5§§dl a}r)a%ﬁllf e%aﬁ'%sé&lcltlgﬁ Cfgt ue E)(Qpchgﬁ%%hoef rangi ng

fromO to hese ratrngs hen us I'n conj on w

obser vdtladdnsordod el miarcyat inonntgenaatonon gufficdialestiblosh aaralelps@se of assistive
devices to determne the EDSS score. The EDSS is a disability scal e that
ranges in Olﬁupzdimtln&ige@s fromO (normal) to 10 (death). [0390] The

second endpoints in ort of the Pri efficac ndpoi nt
o uad P B BT ke s YRR 284 i B BT S G2 et oms
on br aifullyit iaeadintchangenit koY, baseliid@ bhelifédhe b20n MRItiRGukbtHeoot ti med
wal k, time to confl rmed di sease progression, with confirmation occurring at

| east Z49vigiERE ol the fodlowing seynsf pach G roind) Torivsighicd MRIGypnand bhywaighedsent  of

Rel apsq\/lkpg‘b%kwﬁg;ultgggoﬁnﬁfneel@ly@de%h@d for relapses by the treating
investigator at each visit throughout the study and, if necessary, at

unschedybes Visins fibf 50k 1WeEk FRSRInOGEMTEILAG oPEs WRRAS hRAINISIE Bot

walk are compared between ocrelizumab and placebo using ranked analysis of variance. The

model includes the two stratification factors noted in the primary analysis.

Example 4: A Phase 111 Study of Ocrelizumab in Primary Progressive Multiple Sclerosis
[0394] A Phase III, randomized, double-blind, parallel-group, multicenter study to evaluate the
safety and efficacy of one of two dose regimens of ocrelizumab as compared with placebo in

adults with primary progressive MS is performed.

The two ocrelizumab dose regimens under investigation are as follows: 1) ocrelizumab 1000 mg
dose regimen: consisting of a dual infusion of 1000 mg for the first treatment cycle followed by
single infusions of 1000 mg for the subsequent treatment cycles and 2) ocrelizumab 600 mg dose
regimen: consisting of a dual infusion of 300 mg for the first treatment cycle followed by single

infusions of 600 mg for the subsequent treatment cycles.

[0395] A total of 630 primary progressive MS patients are enrolled and assigned (2:1
randomization) to either ocrelizumab arm or placebo arm stratified by site and type of multiple

sclerosis. This study consists of the following three periods that apply to all patients: a screening
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To meet the criteria for a protocol -defined relapse, the relapse is defined
as the occurrence of new or worseni ng neurol ogi cal synptons attributable to
M5 and i rwodpexsB387pr eceded by a relatively stable or i RETABR2009/057151

neur ol ogi cal state of |east 30 days. Synptons nust persist for >24 hours
and should not be attributable to confounding clinical factors {e.g.,

fever, jeRb&GttcAMment Pérividand BAVEHIBIGEBE béRIASIH Be GROERMLABudfBHAICat i ons) .
The new or worseni ng neurol ogi ¢al synptons nust be acconpani ed by objective
neur ol dyiawadnt (oradiemhaigorgdavsbs indvioned Dreraadninsiceslsw 1ofysdtaniléadnh hal f a step
on the EDPS oi nts on_one of . the appropriate ESS. qr. oi\nt _on two
or mor ¢ Br s Pl P e PR SRR RRRA AR Hafsrio bR e s
{i.e., Pweaks dall thednd phtaint edroll@iareies harher staionst eMresi@OB 06 g adniinigicsadal ) .
Epi sodi ¢ g r6ns sexual dysfunction, fatigue, nood change or bl adder or
bowel L’ﬁt&zﬁ% ; r incontinence do not suffice to establish a relapse. Brain
MRl | magi [ 0392] gnetic resonance inmagi.ng of the brain and cervi cal

spi nal B3t aiord parhneey dfusdt UpOp1 RRUERTECHET KEXMERIPTIHE™ hi s st udy,

i ncl udigigadic/Bapeictid Such BB GcdMifinBpHVRIpalaBGhiHAS ofhe) agdiM iSi. bi @) of the
follow ng scans at each tinme point: T2-weighted MR scan and Tl -weighted
MRl scatiigiamis {suchag diphenhydsaairatitese atd 10 ghylossdmgdons BHasaseiy.ne t o
Vieek 1%36 lﬂvélaﬁs,tté)feﬂ{l CYtRJ: HIIEECIQJC -E% e %%ﬁsi@rﬁéaédoﬁgq %gtiefnﬁ%ithv@é)%mgﬁe.
conpar ed between ocrelizuma and placebo us| ng ran ed’ana ysi's of variance.
The nodeirminebigy desAdvese Bnonts (CHEAE] Gatlé dor hightrdseyeroindigidnreadiienpwithrar y

anal ysi s, Ex le 4: A Phase |1l Study of Ocrelizumah.in Pripary. .
B gt e<Siv B RUTATB'D SemaTaCe e SN A7 Bl Spih) Ry B il win
doubl e-Habrichodilapas alay B¢ indicawep, mnulticenter study to evaluate the safety and
efficacy of one of two dose regi nens of ocrelizumab as conpared with

pl acebqo0397] adrbuithie Wbokat@ istiliey aerodgiired shryeghvb ths sgpey, amnadditiondl@estsno

ocrel i zumab, dose regi n&r;csl under investigation are as fol i\ovvs: 1-)0

ocr el i ZOHAH"E 6PFSTYT HYSRITE YeHBINL EBREPSRITAG SEFM LU AN T-AFHZ] BRO8EY 1000 ng
for thenAHAL atd @oERSs &% GlsE chRlubRWesk Y sshNed & dlifalisd RS cOfieckd@O: Mo for

t he subsequent treatnment cycles and 2) ocrelizumab 600 ng dose regi nen:
consi stihagnaspkigeti paplypin ﬁ%%@@d HIPBeraplieged for 8-¢allcopntidewanipalinn. Bycsile

follo i iRt usi for bsequent treatnent cycles.
[0395},\%%\‘“?%?%%%%&%338 a%?%??%?@%ﬂ%%g?rvogoﬁ%ﬁ%ﬁ ents are enrolled and

assi gneg X ’ } i .either ocrelizumab arm or placebo arm
strati ffaél%gfb@&g{a?g’gg%ge'?{/éggﬁg(ﬁ%ﬁ tiple sclerosis. This study consists of

t he f ol[03M] ngThdreet penlagds fartas stagypinyluto mlitntpaith enmsry mogesseeMPigper i od,

a treat alQl’tlt R;ﬁfl' 91% aynqoaresssai}ce%g eiq{)lle?g\{ R sﬁ% Iar%dchar.la&ertipe% flarcﬁetl g€ of
study drug t reaf ety Uoerericzumans'or placebo’ i nfusion X 5’)\/ ar & adm ni st er ed
on Dayscdorasde $8th thavevised McDonald criteria (2005). Patients are selected with evidence of

active disease and higher risk for more rapid disability progression, using criteria identified as
potential risk factors in previous clinical trials with progressive MS patients. These factors
include younger age, evidence of inflammation in the cerebrospinal fluid (CSF) (oligoclonal

bands or elevated IgG index), and more rapid historical accumulation of disability.

[0399] All patients volunteering and eligible for participation in the study are screened for

conformance with the following inclusion and exclusion criteria:

Inclusion Criteria include:
L. Diagnosis of Primary Progressive Multiple Sclerosis in accordance with the revised

McDonald criteria (2005).
2. Ages 18-55 years inclusive.

3. EDSS at screening from 3.0 to 6.5 points.
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subsequent treatnent courses, patients are dosed (ocrelizumab or placebo
single infusion) every 24 weeks until the last patient enrolled receives
hi s/ her wetowmsssse of treatnment to be admi nistered at WeERIS2@9/0FN3D6]
Prior to each study drug infusion, patients receive treatnent with an
anal gesi c/anti pyretic such as acetam nophen/paracetanol (1 grans) and an

i.v. orgoralgaptdril 56 ammREubsiahl K3tets PROREMEFRThNS raRidATkY ste@Mkht XD

met hyl predni sol one i ntravenously, "or equival ents, to reduCe the incidence
of pot ektlpwpr ¢xewdy drdingacti ons. In patients with Common Termi nol ogy for
Adverse Events (CTCAE) Gade 3 or higher (severe) infusion reactions with
associ abed rldepenled hiptosy prnreresee(a serpehdirg ofihlsestene pf the nloMorglakemtory

abor ot nry"et B GE erdh R P ALEORRY. RO RE b EphP L PRl MP PRl T oot s

f ol | ow dgecalnsissel@fricsfondyngdr ug treat nent. | mrune panel, serum human
anti-human anti body (HAHA), and thyroid tests are al so conducted. Serum
sanpl es60f dbikcapaduretiinsfr@n eheaabdt ©€ MSkyfrprongh & srian kb pedrd o patialtywits aand

bl ood s es are.collected for B-cell count det Lhation.. B- | counts

o & 7 or FERSGT et Gingirat it Sotyhitid Vo ar g vk F bl SBHPE st - Popul at § on
and Sel ection f%i teria [0398] The target population for this study includes
patients w tHCHSPREF{F %t Essi ve M5, Patients with primary progressive MS

el i gi bl e f orHikbdiySofStkphingdkmitthasewheil pedrdyive odbRgResiSreldpsiag anigdnce with
the revised McDonald criteria (2005). Patients are selected wth evidence
of acti YacrafisEssEcpg(Ysighkr risk for more rapid disability progression,
using criteria identified as potential risk factors in previous clinical
trial s Mifi¢asy prefgriessi ve MS patients. These factors include younger age,

evi denqgagy | Tid ﬁ%&%ﬁf&a&{‘enﬁb&nﬁ@E&an@é@icﬁﬁ’ﬁirn{eh%s@as@%Fg}res@i%.i 199&4sonal
bands or elevated IgG index), and nore rapid historical "accunul ati on of
di sabi Ifregressjop3odifinadl s grainirerse 9f wdlLnidronhpseling IEPYyiillshebdselineddp%s &i pat i on

Int he.bSeEv%/Je%X .ZEHaend ; eoelrﬂfeanglggive Ooi}fagli&?ga%f:e ol = glg _pt()]:?-l s,f . ilf! g ¢ 3! on and
exclusion criterra 1 nclusion itertainclude’ 1. agnosi's o rimary
Pr ogr esss yan®dUbt whick clglge isasic studibuitlCio adaneetivioch (4. fiefek @y t@edrrdvt Desd, d

criter i@sge%OOS) . 2. @%es 18- 550n¥,ear s inclusive. 3. EDSS at screening from
3.0 to MSEclse RE gragerbajogy o qopeaigingmgdicalon)- Funct i onal Systens (FS) scal e
for the E)a/r am dal sg/_st emthat is due to [ower extremty findings.

[0401] The EDSS i1s based on a standard neurological examination; the Seven categories of the

EDSS representing functional systems (pyramidal, cerebellar, brainstem, sensory, bowel and

bladder, visual, and cerebral and/or mental, plus “other”) are rated and scored (collectively,

functional system scores or FSS). Each score of the FSS is an ordinal clinical rating scale ranging

from O to 5 or 6. These ratings are then used in conjunction with observations and information

concerning ambulation and use of assistive devices to determine the EDSS score. The EDSS is a

disability scale that ranges in 0.5-point steps from O (normal) to 10 (death).

[0402] The secondary efficacy endpoints in support of the primary efficacy endpoint include:
change from baseline to Week 120 in the total volume of T2 lesions on brain MRI scan, change
from baseline to Week 120 in the 25-foot timed walk, time to confirmed disease progression, with

confirmation occurring at least 24 weeks (= 168 days) after initial disease progression.

Assessment of Relapse
[0403] Patients are evaluated for relapses by the treating investigator at each visit throughout
the study and, if necessary, at unscheduled visits to confirm relapses occurring between the visits.
To meet the criteria for a protocol-defined relapse, the relapse is defined as the occurrence of new
or worsening neurological symptoms attributable to MS and immediately preceded by a relatively

stable or improving neurological state of least 30 days. Symptoms must persist for >24 hours and
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5. Docunented history or presence at screening of at |east one of the
follow ng | aboratory findings in a CSF specinen as indicated by, elevated

| gG i ndexwenrdloa3338gG ol i gocl onal bands det ected by i soelP€Ftuse@9fodonasi ng. 6.
D sease duration fromthe onset of M5 synptons: |ess than 15 years in
patients with an EDSS at screening > 5.0 or less than 10 years in patients
Wi th anhERSRo@e SEHOERNE RIconftnBing ERAMTh@SYs €4 4.t RUERinkREbM G uryladdsst ory of
rel apsing remtting, secondary progressive, or progressive reélapsing

mul t i plreacsienselp ggpepnytanigpedieatony. The nsi or WorsepfnRingwelpgmabdyyiteny ouadt The

Pri MBr Yo &b fRE 0y SBAEAHoplctodiOf whislRint Lok RRAL 41T th HLREASE oPOGREES! ON.

Di sease progressfon I's defin as an Increase of = 1.0 point from baseline
EDSS, isteptdnahdhER8$. e ped8So1 enehyd thwepnpropri@e 88, & . 15opdionttso O moteudithee) , or an

i ncrease of .= oints, if the haselin Sis >.5 5 points, for which
change TeRetie T8 P idieahiss s PR SRLT ERO by - plragidin ARl R ssteRf st

i 'l nesshraiMtern &leAPSE 0O Kised AEPISOAEL bk@Rms o x @0 dgdictiam tratigyd) iaadd tapge r0401] The
EDSS i s based on st andard neur ol gical.exanin%tion; t he seven categories
of t he B98E FAPFESERETIHGT IGAUIICEITC T SH BB PP iiadelrPscer ebel | ar,

brai nstem sensorx bowel and bl adder, visual, and cerebral and/or nental,
pl us "otherd?”éwgk¥@ﬁ%&Tgand scored (collectively, functional system scores

or FSS)o4¢ac th‘a%&rti@ r@bndnd€ iftBthd §F (AR Gind abrvichil Pirdpdord aleiohthirk@al € rangi ng

fromO to 5 or These ratlngg are then used in conhﬁpctlon with

obser vaAPHIBpS tasPoinkt GHingthis sudn rrdiding ) batehine- dihe SrimMRIdacdudss thessi st i ve
devi ce . ] 3 I he. ol i L4 t hat
Fanges g B e i P R ARt R bl s it
secondaY}l gfaf (etlopt emidpoiunt-enhpmcegypport of the prinmary efficacy endpoint

i nclude: change from baseline to Week 120 in the total volume of T2 |esions
on brailf403R Shags fromangdint toWeblas) innke ol Veke P02 lasionhandbnddodst fovi med
wal k, ti to confiégpd di sease grqg@esgionh mﬁkqicopfjr tion curring at
| east 2% WASKSTPLC] BEVGHY QT ILPIAR HFIFGRP Ughe bRs! Bragh a5 EERCe AlSessment
of Rel apskl] {noWA] thPaid entificaioa fe&vat nateth thoprimelyapsigss.by the treating

i nvestigator at each visit throughout the study and, if necessary, at
unschedul ed visits to confirmrel apses occurring between the visits. To
nmeet the criteria for a protocol -defined relapse, the relapse is defined as
the occurrence of new or worseni ng neurol ogical synptons attributable to M
and i nmedi ately preceded by a relatively stable or inproving neurol ogical
state of | east 30 days. Synptons nust persist for >24 hours andshoul d not
be attributable to confounding clinical factors (e.g., fever, infection,
injury, adverse
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reactions to concom tant nedications). The new or worseni ng neurol ogi cal
synpt ons nust be acconpani ed by objective neurol ogi cal worseni ng consi st ent
with an iwonrew#s3ssf at | east half a step on the EDSS, oPCZ/Uyseénas716n one of
the appropriate FSS, or 1 point on two or nore of the appropriate FSS. The
change nust affect the selected FSS (i.e., pyram dal, anbul ation,
cerebel l ar, brainstem sensory, or @iawak). Episodic spasns, sexual
dysfunction, fatigue, nood change or bl adder or bowel urgency or

i ncont PENGE TR suffice to establish a relapse. Brain MR | magi ng

[ 0404] Magnetic resonance imging of the brain and cervical spinal cord are
obt ai ned at el | It i b I sl : l'i ne.
The brain N A e TR B e sl R S A TR e
poi nt : T rhepalightediftmive smawmntahdn Fti-Clagi ghiitedy WRicrge apatihwittihbased upon the
gadol i ni. ym.enhancenent) . 10405] .Cha for b Line.t. 120 .i.n the
Potal ValTETIROSS by sy R eEu T BTbOaRAR AR s IS et feen
ocr el i zhamadboarntd yehac@h onasi mge pahkiathnanahingilsion, (vaatil@ncdoulEhamepothel

includes the.t stratification t noted in the. prinmar

onal ys Bt Rt s 18R BDS Rt Rt Wikt TGN FebPessi ve

nul ti pld$@)|eVIeRipR JclerdsidBiv @HIScERMPIISS) Bida@Aikhhisiues boidist 0 the patient an
ef fective anmount of an anti - 0 anti body, wherein treatnent is based upon
the patj ent HMRVhdIEHIVTR1HhH 1MRE&BNR BoLREsivlhegpls 8180t % Frin@Fy bRRrdsiaup
consisting of (a) an age |ess than about 55 years, (b) one or nore

gadol i iPyUAPIsselpiobing | esions, (c) at |east about a one point increase in
Expanded Disability Status Scal e (EDSS) over two years prior to starting
treat meht, akg npahodeplpipinmjlpwhergs]teg RygpressS@vpiliiply sdeigpia i WBSIYgr eat er t han
about r&ﬁ%&k%nmﬁﬁlgﬁﬁxﬁﬁéhOd of claim1, wherein the progressive nultiple
sclerosis Is primary progressive nultiple sclerosis. 3. The nethod of claim

1, whergin t r I 1ple F OS] Sl ressive
w6 Rl BB R GRRT. TUTEySELSI Rl SR Rl oo
mul ti plrelapghemokipk sclergisogr essi ve rel apsing nultiple sclerosis. 5. The
nmet hod of claim 1, wherein the patient is not diagnosed with rel apsing
remttimng milHeindtieodsdickingi ghavbi@nhspaaicht ingottdipat e mtith rblapsTieremittihgd of

claiml, erein th Eatient further has evidence of inflammation in a
multiple sclerosis when starting treatment.

sanpl e.
6. The method of claim 1, wherein the patient further has evidence of inflammation in a
sample.
7. The method of claim 6, wherein the sample is a cerebrospinal fluid sample.
8. The method of claim 7, wherein evidence of inflammation is indicated by an elevated IgG
index.
9. The method of claim 7, wherein evidence of inflammation is indicated by IgG oligoclonal

bands detected by isoelectric focusing.

10. The method of claim 1, wherein the patient has had an EDSS of greater than about 5.0 for

less than about 15 years.

11. The method of claim 1, wherein the patient has had an EDSS less than or equal to about
5.0 for less than about 10 years.

12. The method of claim 1, wherein the increase in EDSS over two years prior to starting

treatment is not attributable to relapse.
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7. The nethod of claim6, wherein the sanple is a cerebrospinal fluid
sanple. 8. The nethod of claim7, wherein evidence of inflammtion is

i ndi cat edwbyomyn3gisevat ed | gG i ndex. 9. The net hod of cl RCEIUR2000408T161 n
evidence of inflammation is indicated by 1gG oligocl onal bands detected by
i soel ectric focusing. 10. The nethod of claim11, wherein the patient has

had an 1BDSS #fe @eRL&TcldiNanwaleMlihOinbrehrin ESSS it hathselpouta LS pYi@srcastl. The
nmet hod of claim 1, wherein the patient has had an EDSS | ess Phan or equal

t o about EDSH over twogisars pHahogHENNe Ry@hr s. 12. The method of claim 1,
wherein the increase in EDSS over two years prior to starting treatment is
not at ti% butTisinecthasl af elagpd é. ireiTie ingsedso o BPSE budriwe yearhprieito staiiegi ncr ease

in EDS%e!aﬁne%isln%f‘i[rib?lpa%%&o%}#sg poi nt increase in EDSS over two years prior

to starting treatnent. e nmethod of claim 13, wherein the increase in

EDSS over t r's, prior .to,startin eat nent ot ,atts,i butable to
rel apsels' 15. ﬁ%&rlr%dt(ﬁgk?%fl’ %P%fl%lrrﬁt e,a Oté?hé:ipﬁ‘ ¥ tés lgszsetﬂ%nfabf)\auteglpati ent is |ess
t han abl%ut 51;lhe r&e@hod-%}e met hod of Iaitirg}ltjfum\{\f@ ra(ﬂ n the Qati ent furgher had

two or Wore rsI"KpRENGANl VPGS A her had o prort IElIngey WEHE ™Y 7 The

met hod yefirsgkiat i slartindhreragndntt he EDSS when starting treatnment is between
about 3.0 and about 6.5. 18. The method of claim1, wherein the treatnent

reducesi7t he ThemBethd F@Diirh NNRHcrdinIBABPS P HMBGH &5:5inQ reath@nt i baws®t dvadi O ¢l ai m
18, wherein confirned di sease progression is an increase in EDSS that is
sust aj 8 2PYK OPwel ve weeks. 20. The method of claim 18, wherein confirned
di sease progression is an increase in EDSS that is sustained for

t went y-our g%@éﬂféhodzf clapRd, whsRigdhoreagment sedrces\iheias i sonErmagt discessp0

anti body,&Qappi ses: a) a heavy chain variable region conprising three CDR
regions conprising SEQID NO 10, SEQID NO 11, and SEQ ID NO 12, and b)

a_|'i ghtygchai e \adm Rl 18 98 OPh G ORRbA i dis@e{s@‘foro ibEH AR CRER Eﬁ%ﬂg SEQ
ID NO 4, SEQID NO5, and SEQ1D NO 6. 22. The thod of claim1l, erein
t he antthat@D26tagad fdydaylve wedosr el i zumab. 23. The nethod of claim 1, wherein

the anti-CD20 anti body is rituximab.
20. The method of claim 18, wherein confirmed disease progression is an increase in EDSS

that is sustained for twenty-four weeks.

21. The method of claim 1, wherein the anti-CD20 antibody comprises: a) a heavy chain
variable region comprising three CDR regions comprising SEQ ID NO:10, SEQ ID NO:11, and
SEQ ID NO:12, and b) a light chain variable region comprising three CDR regions comprising
SEQ ID NO:4, SEQ ID NO:5, and SEQ ID NO:6.

22. The method of claim 1, wherein the anti-CD20 antibody is ocrelizumab.

23. The method of claim 1, wherein the anti-CD20 antibody is rituximab.

24. The method of claim 1, wherein the anti-CD20 antibody is ofatumumab.

25. The method of claim 1, wherein the anti-CD20 antibody is TRU-015 or SBI-087.
26. The method of claim 1, wherein the anti-CD20 antibody is GA101.

27. The method of claim 1, wherein the anti-CD20 antibody is hA20.

28. The method of claim 1, wherein the effective amount of the anti-CD20 antibody is
administered to the patient to provide an initial anti-CD20 antibody exposure of between about
0.3 to about 4.0 grams followed by a second anti-CD20 antibody exposure of between about 0.3

to about 4.0 grams.
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24. The nethod of claim 1, wherein the anti-CD20 anti body is of at unumab.
25. The nmethod of claim1l, wherein the anti-CD20 anti body is TRU- 015 or
SBI - 087. W6.20Ms3382t hod of claim 1, wherein the anti- COPOTAISRONOSIS] S
GAld. 27. The nmethod of claim1l, wherein the anti-CD20 anti body is hA20.
28. The nmethod of claim1l, wherein the effective anmount of the anti-CD20

anti body is l@féfﬂléﬁlhoﬁt&rcfaﬁintzg WhEciRald ifftihl dn@i- @Dgymi%o@}ne;apag&r& ald/énhd - CD20
anti body exposure of between about 0.3 to about 4.0 grams followed by a

second sasnid-agDE ) Arniibrstiyexpogyessio Peiween Heniidéip diveut-S gra®st o about 4.0
grans. 29. The nethod of claim 28, wherein the initial anti-CD20 anti body
exposurd®. andVhgrmathysl (ﬁ@lﬁ@iﬁ@a\ﬁhﬂrelmﬂme@mm%mre@@pb@mg proylehsntiddeom about 0. 3

to abou} 113 (98 eks‘?f?mﬁl}?qmgglte%g&upf claim 29, wherein the second exposure

not bei ng provi ded un rom abbut 16 to 60 weeks fromthe |n|t|al

exposur 3]The ‘%horzrleof ngm%{) \gllclfaf%l{:ln e%ch of%e Ant- ﬁ? antlbgéy CXP sures ds gr%D 1dg%l

ant i body exposures i's atle as one

ant i - C2 thegnatiethasyne c&Zwvombhmdl o020 mﬁﬁiodylg progressive mJI tiple sclerosis

in a patient provided that the patient has been found to have one or nore

charact3ari stA ﬁ&t}ﬁ)&Ioe&éaeﬁigfpr@mshlhengltmc&mm ifi taipagder® brovaded atiut a@q)ah@ﬁs t han

about 315 ﬁears one or adal i ni m %ﬁ?l ni ng | esi ons, | east
o E‘é{

about %enrfamto AT %ﬁ@émﬁe {rEisiers Bf ?Wheﬁra%%ongé%ngeof@ﬁ%) over

t WO yeaks 1da§ ihah abdut S8 §&drd, (1) dnk 8AMBRMNMadoldien cRinisy I4Ibs RY) 8t 196k 8Bk Sne
Severlty Score (MSSS) greater than about 5 points, t he treatnment conpri sing

admi ni SOEN insEeasointtigansied Lagpbiligy, Safup Seqlp (1D it (WOFYCals DEAK 1OSEOPTE ant i body.
33. A nrubod ahd EJ)%%mﬂP]e@rcfngs%Ss%w& R '(MS@F)SQEQFHﬁéI?aboEP Sih&1 Y- (a)

sel ecting a patient ng progressi e sclerosis erein said

pat i enttrehmgenbeanrsingodelioblamnErodhd Mlﬁﬂi@n@éfb@wadloﬁntmﬁan heti-gDg0pnitlonsi st i ng
of (i) an age |less than about 55 years, (ii) one or nore gadolinium

st ai ni Ag. | esh owrthod Of iredtingprdgeasive atobiple wleorsss, pahprisingncr ease i n Expanded
Disability Status Scal e (EDSS) over two years prior to starting treatnent,
and (i W} saleMihg a pdtienSovagesiggesSev anltiple Shoogis, wssﬁa)sagrmemrha$ hm:mra]hmelt 5

t d t to th i { t ti
Drount <BARgs e Rl ety SR S o ebedr EBeBEing Hhachie i

pat i entmiit ohd Pin @i ﬁ&lﬁin‘geesmmlst(hmaEIeSﬁ laBu@ S i08e Phihl intresRONHxf@DdEd BRABTBGL W th
an anti-CD20 anti body nprising assessing one or nore characteristics

sel ect etialpy ¥ia hdSgr atﬁs t%ﬁ%%r%?rﬂ%@o grrtipg yreapenlyand @ Mplpleatsisigsisss yearss,

(b) oneseQLritBEEre YRBSK] HatB @hPivOLNYpbifs] #As, (c) at |east about a one point
i ncrease in Expanded Disability St a?us Scal e (EDSS) over two years prior to

starti ne) ;Sd'n’ﬁﬁ%ﬁ'ﬁﬂé to tﬁ@ﬂatfeqv) this MilcletiRh @GV RS b oP&Y 85d-EV20 antibody.
34. A method of assessing whether a patient with progressive multiple sclerosis will respond
to treatment with an anti-CD20 antibody comprising assessing one or more characteristics
selected from the group consisting of (a) an age less than about 55 years, (b) one or more
gadolinium staining lesions, (c¢) at least about a one point increase in Expanded Disability Status
Scale (EDSS) over two years prior to starting treatment, and (d) a Multiple Sclerosis Severity
Score (MSSS) greater than about 5 points, wherein one or more of the characteristics in the

patient indicates the patient will be responsive to the treatment.

35. A method of identifying a patient with progressive multiple sclerosis likely to respond to

anti-CD20 antibody treatment comprising:

(a) assessing one or more characteristics selected from the group consisting of (i) an age less than
about 55 years, (ii) one or more gadolinium staining lesions, (iii) at least about a one point
increase in Expanded Disability Status Scale (EDSS) over two years prior to starting treatment,

and (iv) a Multiple Sclerosis Severity Score (MSSS) greater than about 5 points; and
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Score (MSSS) greater than about 5 points, wherein one or nore of the
characteristics in the patient indicates the patient will be responsive to
t he treatwenn10/33387A nmet hod of identifying a patient w PRTAISOYVASHEVE
multiple sclerosis likely to respond to anti-CD20 anti body treat nent
conprising: (a) assessing one or nore characteristics selected fromthe
group cenRbsirlng tRfpalibd h@Nn@0K dresste LRAEGRAM scRoted 8RHSthe gfo'u%) cORKRE Nore
gadoliniumstai ning lesions, (iii) at |east about a one point increase in
Expanded (iDas ags 1P$Stt§fan31bamﬁs5 YSel @ qrEpSSorogadplinipg sipdHpgslepipnp (il ¢ leashr t i ng

treat "EJBBut. A p%%%?g%a@éﬁh?g?ﬁ%e@ﬁ'is%ﬁ? SaE¥EN E)Dsl%‘rﬁ] QW& tévwggﬁ%géﬁé‘t er than

about poi nt's; ying t pati ent having one

char actseriigg the snts€DE0 treatmicnipand (e agyloltiplecohesisst SavgrigfScic\ M Sageattess t han
about EEI? gar sq ({Hllt% one or nore gadoliniumstaining lesions, (iii) at |east
about a ‘one Bm% i'ncrease in Expanded Disability Status Scal e (EDSS) over

two yeays prjor . tq.starting the. I - O, treatnent, a iV Mul tiple
Sover octte. Beb By ikt e s STEh Rk S Th TR B ek YA felhod
for mardegipbsi@orathe@Bt fior GIIAH a pRigrdIORY n@dltiple RNAGHBEEB AR dpMlaf6 et rakthed
conposition thereof for use in a progressive nulti §I e sclerosis patient
subpop lPBPrERg HEIRRE e BEHEtcr oy tearsphifnantaChaP getbodudirdriedsaBout t he
use of gahnt @ﬁﬁﬁgp@;&z&l aatdcRag ﬁy?che batRats IR SuchREbRALIBG haHRRARWE aokon

characterized by the patients o6f such subpopul ati on having one or nore
char actclpiagieiigiss sa¢cesh feun the@nouprrengstgpl co g iage leprgtheyt aboa Sayeagg@) oBSs t han
about iR i . at-] east
about 3 SKEEEEMLER R e LR B R P Bl P e L PR R O
two yeditgupSdatr (HSSS vearttwngedrs paxirne sthrting rdat(ngt, and\vid) & VpiligplSBtlemsisi s

Severity Score reater than.about 5 points. 37. An article of

manuf a e&?fétyéé‘s?{%:}@ggﬁbge%t%rctﬁ%{b"ébé’“{]%g‘é{‘%er, a pharnmaceutical conposition
conprisj-ng ap anti - 0 ti body .and a pharmaceutical |y acceptabl e. carrier
and a [dbel MeHatERETERYE R EOmRT g Rat Eahy: bR R Fppecsftion
conposidohPFising ah Bieli-cBLEAnitRdy hfi€@phdi@agatié £ taSceplable datick bl £1aBaldef@mics

havi ng one or nmore characteristics, selected from.the group, consisting of
(a) an BYéhq BELRHYINRRGLT IhgyAsaptical qompPoghen Brindiete! %aaeﬁﬂinﬁ PaRnst Hithi ng

| esi onsyuifigik s@broki€ a¥in@BRWr nfbrO BRir R Rics BRECASHSm (Re BORFBCRAGRY S8l hd t Y
Status Scal e (EDSS) over two years prior to starting treatnent; and (d) a

Mul ti plage 8es deo ghait Seyenrs. (1) oge or mo(eNBdg)niyn sainéne letions. ah surassasyi mpse 38. A
met hod f.af iRr&dl ﬁtﬁ;@%d@ﬁ%{hﬁ\{,ﬁtﬁég@g@% hs &E%ogr;etﬁﬂs;éﬁp%'synﬂl e sclerosis

will respond to a treatnen rug used to tr tlpe§clerosis,
t he nettrethagnpd (Biaddultplk Sskrasg SeneitpScor (EISEH pgragemharsibonsS pahiect ed from
the group consisting of (a) an age | ess than about 55 years, (b) one or

nore gadol i M urtstidemirettictingsyteter a fubjecatvith pagtessibo niultplowiergd willl | ncr ease

respond to a treatment with a drug used to treat multiple sclerosis, the method comprising
assessing one or more characteristics selected from the group consisting of (a) an age less than
about 55 years, (b) one or more gadolinium staining lesions, (c) at least about a one point increase
in Expanded Disability Status Scale (EDSS) over two years prior to starting treatment, and (d) a
Multiple Sclerosis Severity Score (MSSS) greater than about S points, whereby the age, the
gadolinium staining lesions, the increase in EDDS over two years prior to starting the treatment,

or a combination thereof indicates that the subject will respond to the treatment.

39. A method of treating multiple sclerosis in a patient comprising administering an effective
amount of ocrelizumab to the patient to provide an initial ocrelizumab exposure of between about
0.3 to about 0.6 grams followed by a second ocrelizumab exposure of between about (.3 to about

0.6 grams, the second exposure not being provided until from about 16 to 60 weeks from the
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in Expanded Disability Status Scale (EDSS) over two years prior to starting
treatnent, and (d) a Multiple Sclerosis Severity Score (MSSS) greater than
about 5 pyDrOwR,/033EsEr eby t he age, the gadol i ni um st ai ni n@Crase@95715he
increase in EDDS over two years prior to starting the treatnent, or a

conbi nation thereof indicates that the subject wll respond to the

t r eat MBRial SBosufe, ARI HRE 0P ihelobRALIAGD YbIukRIi€pDG1I8d @%hS pdtRnfasRAL bEMo
conprising adm nistering an effective anmount” of ocrelizumab to the patient
to provioses chncichiumall ocrel i zumab exposure of between about 0.3 to about

0.6 grans foll owed by a second ocrelizunmab exposure of between about 0.3 to
about 0106 griwencthdieolsbenrl. whqsos Ureenitiol odsdizhgapexpyiere dompiides a firoavsabout 16
to 60 Wﬁg%ga%k8 LNl Rk il zme&HS%ﬁﬁﬁs§§P&>Q%&P“£§mf&§eﬁﬁ&%ﬁhg&&@gzﬁ¢ﬁosures
is provided to the patient as one or two doses of ocreli zumab. - 40. e

met hod (0F g@hai m 39, wherein the initial ocrelizumab exposure conprises a
first dose and a second dose of ocrelizumab, wherein the first dose and
second 4dose Tk nogliel dfziaa[d0] shadio tte sOc@dgreaiizumahlexpddvee ehfracks ©fingle ai m 40,
wherein the. second ocrelizumab exposure conprises a single dose of

ocr el | 29Ha, CTENEr NEE TR gna B SRS AI R 5 (oaBPs 0. 6 grams. 42. The
met hod qof claim4l, rein the second ocrel.izunab exposure. is provided
appr oxi‘trat el J1eaut §?aéff1t4é’rw}?qﬁ%miﬂ}ﬁ ey ogetiayp BSU&WW%@_ 43. The

net hod a@f)ro&h@dta};ézWefawatfttaleﬂleqrﬁfmrob&nﬂqnw& bhik1g a third ocrelizumab
exposure. 44. The method of claim43, further conprising providing a fourth

ocrel i zgmab @XRASMIELT cfhpm 43 N@rhBLBRErAhe ploRdAfhirl YELRAIMBRAPEHLR]. NY
providing a fifth ocrelizumab exposure. 46. The method of claim42, further

conpri signg PRV rREE NS ARG Hﬁn% BrodRAH 2 folFR S SHRARE UM sure.

ocrelizumab exposures. 47. An article of manufacture conprising: (a) a

contai ngr  COfRIhShRGL RS ZUAR o Bﬂlsiﬁgiaroﬁidﬂ?g%ﬁi&?oér&%ﬁiab WS ddure.

instructions for treating multiple sclefosis I'n a patient, wherein the
| nst r ucig onsyiicgl @@ ot 38ATOURbriGhe REK FhiZMIRRABoRURL B SLerEt0 the
patient that 1s effective to provi an“initi ocrel 1 zumab exposure of
bet weersubdequint Ocr8lizumableapitsu@s.6 grans fol | owed by a second ocrelizumab
exposure of between about 0.3 to about 0.6 grams, the second exposure not
bei ng adm nisn atield olinankfadtmerombotitg:16 to 60 weeks fromthe initial
exposure, and each of the ocrelizumab exposures is provided to the patient
as one (ora ¢onmicko s@apidingetraizumalmeind

(b) a package insert with instructions for treating multiple sclerosis in a patient, wherein the

instructions indicate that an amount of ocrelizumab is administered to the patient that is effective

to provide an initial ocrelizumab exposure of between about 0.3 to about 0.6 grams followed by a

second ocrelizumab exposure of between about 0.3 to about 0.6 grams, the second exposure not

being administered until from about 16 to 60 weeks from the initial exposure, and each of the

ocrelizumab exposures is provided to the patient as one or two doses of ocrelizumab.
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