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THE | NVENFO@MI0/057109 The invention relates to a nethod POTMSRe0YI0EES13
inflanmation at the injection site for subcutaneous adm nistration of a
macr onol ecul e by reduci ng aggregati on under physiol ogical conditions. 10
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i .v. infusbanamous kr&nlptwtammot“ smaevedanld by pdesensggtgatiohiugthear
concentrﬁgpon ZOf %ﬂ therapeutic protein concentrations of tens of
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of proteins increase the gA&RIROPANIORTAEEINYENGIONY | Nteractions

favoring aggregation; prévVention of aggregarion nas becone a Mmajor issue
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pr ot eon- pktdtigh theBfpicnti eprattin coeeitFatokp aétenauﬂmmlgmms p@upnlzhlhtdretes R C et
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essentially of linearly polynerized 1-vinyl-

interactions favoring aggregation; prevention of aggregation has become a major issue for
protein drug formulation. Aggregation leads to a number of problems, including
25  decreased bioavailability of the active protein, altered pharmacokinetics, and unwanted
immunogenicity. (Frokjaer, S. and Otzen, D.E., Nat. Rev. Drug. Discov. 4: 298-306
(2005); Jiskoot, W. and Crommelin, D.J.A., EJHP Practice 12:20-21 (2006)).
The prevention of aggregation remains largely empirical, as the molecular details
of the aggregation process are generally unknown. A typical strategy is to add stabilizers
30 to aprotein solution. Commonly used stabilizers include sugars, salts, free amino acids
such as L-arginine and L-glutamine (Golovanov, A.P. et al., J. Am. Chem. Soc. 126:8933-
8939 (2004)), polyols (Singh, S. and Singh, J., AAPS Pharm. Sci. Tech 4: 1-9 (2003);
Mishra, R. et al., J. Biol. Chem. 280:15553-15560 (2005)), polyethylene glycols (PEGs),
and other polymers, such as polysorbates or poloxamers that may reduce protein-protein

35  interactions (Frokjaer and Otzen, supra; Lee, R.C. ef al., Ann. Biomed. Eng. 34: 1190-



2-pyrrolidinone (vinylpyrrolidone), the degree of polynerization of which
results in 5 polynmers of various nol ecul ar wei ghts. Synonyns for

pol yvi nylyworoewlisamne i ncl ude PVP, pol y(1-vinyl-2-pyrrol PdDrEspoodpessizione,
and Kollidon. PVP is biologically inert and nontoxic by oral and topical
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in which B cells and autoantibodi es_appear to play a role in disease,
pat hophys(i[\]ﬁﬁd%nd?rﬁ%r} g&l-n@;g%\%&é‘é“%‘{'?gﬁ {19%&%% gy foungrophematepogaie. gog
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synptons of, tor exanple, matoid arthritis (RA roet al., Ann.
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(Ei senberg, Arthritis. Res. Ther. 5:157-159 (2003); Leandro et al.
Arthritis Rheum 46: 2673-2677 (2002); Gorman et al., Lupus, 13: 312-316

(2004)), imune thronbocytopenic purpurza (D Arena et al., Leuk.



25Lynmphoma 44:561-562 (2003); Stasi et al., Blood, 98: 952-957 (2001);
Saleh et al., Semin. Oncol., 27 (Supp 12):99-103 (2000); Zaia et al.,
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"Prelimnary results froma phase Il trial tuximab in Ei ghth

Annual I\/EﬁeEmOt’@rﬁﬂl}'tmerlmmmb@ésC‘Emngﬁtﬂ‘f@dsﬁfldﬁoﬁe&e\&ﬁdh and Tr eat ment in
I\/UIti | e Scl er 0-21 . The sent inventiaq rovi des rre ds
and 1Br muat i o2 et eehE PR Rl e RE G BBl YRR REGHEEY Clc
as anti bak e@Ro bu&gndipdisd CArgy 6BhorCRBREtanOARoimiend@EdIaslS, ifwHidleBI nvent i on
of fer advantages in the preparation of formulations of thera‘peutl C proteins

such as tdgHs anf autempihodiag amai olaestals Bedisqase patbopdpysieldagycleiudig These
d
advant aggs %a’}@ é’z%l? BREAARS étﬁaksost?fggl?bl R (2 586%'5‘;5% y Ofﬁag%eérfﬁeg%@d‘%o“s

i nj ection provi e I NCrease rapeutic

ant i body pmnshtidg r@sesighiddyymptomsnof for2Qumeld, ﬂjeﬁﬁfatdﬂdhaﬁlhlﬁtfs, (Rag wel | as
addi ti onal advant ages that will be apparent fromthe detail ed description

bel 0w SURRIRY e/ Tirr) Riurer i 1 3P 288%5@1‘{9]{(*@%%|f&réf$rmah’=f@umsé‘é by

bi ochem t | ved t 525, 519).
Qur 1 i paRpIPpES @ig@o?ﬁ ﬁ%eerf}%ﬁ)éﬁﬁl g?é%?bgzﬁf @88“381 Rg 208%0(@ 54, 000

dal t ons dohugld yl., .Awmmawuvmg(@%%@am@m msf(}zmcrmrgmrdmmfm Bhot ei n,

thus inp ol ubi I S unexpecte use for PVP.
W have aﬁowgé{’/@?&&e&nﬁ Zf’l AR e%r‘&’eggzﬁ Bﬁgfﬁ%ﬁ’zm N gtfudes the
use of digly$is.: tuhi n@(wonjg ﬁﬁﬁhﬂ&ﬁr&%&%&p@{hcpﬁwm (! Mf\lnaceutaf OIJukand
custom zed reI ease nedl a of which mmc XSI ol O?I cal conditions
at the i rl}ympﬁzpmn 44568 562 (2003); Stasi et al., Blood, 98: 952-957 (2001); Saleh et al.,

Semin. Oncol., 27 (Supp 12):99-103 (2000); Zaia et al., Haematolgica, 87: 189-195

(2002); Ratanatharathorn et al., Ann. Int. Med., 133: 275-279 (2000)), pure red cell aplasia

(Auner et al., Br. J. Haematol., 116: 725-728 (2002)); autoimmune anemia (Zaja et al.,

Haematologica 87:189-195 (2002) (erratum appears in Haematologica 87:336 (2002)),

30 cold agglutinin disease (Layios et al., Leukemia, 15: 187-8 (2001); Berentsen et al., Blood,

103: 2925-2928 (2004); Berentsen et al., Br. J. Haematol., 115: 79-83 (2001); Bauduer,

Br. J. Haematol., 112: 1083-1090 (2001); Damiani ef al., Br. J. Haematol., 114: 229-234

(2001)), type B syndrome of severe insulin resistance (Coll ef al., N. Engl. J. Med., 350:

310-311 (2004), mixed cryoglobulinemia (DeVita et al., Arthritis Rheum. 46 Suppl.



30The invention provides a nethod for reducing aggregation and inhibiting
fl occul ation of a macronol ecul e, such as a protein, under physiol ogi cal
condi ti orsQ 2bw/ashwoaddi tion of 5% to 20% pol yvi nyl pyr r olpcaarseoo0Pey3 wi t h a
nol ecul ar wei ght range of 2000 to 54,000 daltons. The significant reduction

St onct1 oo AR bBT Ay e B o1 e N Doy S 6393 (800S4 ¢ 1o
2010/ 057 199RETLAR200ARASIS. $H%HY RIRAYS Wk RGKIPRhul nf1alis (STl draygnt | on

further provides a nmethod to minimze inflanmtion at the injection site
duri ng subtiutantdbsuadiinni4t38a6i28A40 62004))neediractony pouphegusadgaradDapyy ot ei n,

by the addition.of 5%tq, 20% inyl pyrroli.do PVP) .wi th a nolecul ar
wei ght rfz‘gér ?c)sz ﬁrﬂffgo};’olagég0%&%%%?’6%@%8@8@%ﬁgeé'&leaﬁé%ﬂgs %8?%?% ion. In
S var isouqsaﬁmw)i:m@pqzwzg)t, Bﬁgrm@%ﬂ%e (SBerBCd/Q Rl RRM | € RhSundisal i Dody .
In further enbodi nents of the invention the antibody is a therapeutic

ant i body ¥-R8dPegNbeetie tnellyperpd cryoglobulinenyiadVains? ebardrd il s3BF7- t he
enboai et GrOSHE PP ey BRRAPH ar b RS 140 15E GRO e

ant i body.autgime®int aktropah 9 dP¢¥aohis ed/., UhBeroX Rbd@n;g. IPRechadit 70020489t | body

conprises one of the variants Al B, C, D, F, G Hor | fromTable 1. The
i nvent i orf20QM1. maranERRIgstigeRseRieMSIRY SRNUS SYndiprae (razaitl eben Newelagt i - cD20

ant i bgd W [ Ny I i : QH{M
consiblgt ?/ng o) pléé%%l(%'l %%%1%%?)%Sa?g??ﬁgsﬁn%%bngﬁ‘%gﬁ{ﬂg%%&g 0e I ventS ?'on, t he
ant i body Cospetiad dsbdtiaet) ['Pghmicdrairesultafiombd ghadoaiial afRit&iBH#GInl MSNG. 1 and

t he heavy_.chain varjable in of SEQ 1D NO.2, or the light chain variable
onai ot S AT RS o I eSS G 8o i o EBIEEe | D o 4.
or the |ighkiptheildroViardcabl exgdayai n of SEQ ID NO 3 and the heavy chain

vari abl e domain of SEQ 1D NO 5. The invention further provides nethods and
f or mul ati ons wWihermetsent ingerdioni fsodgescoetpodsans forneulpipns-beprgréntingght chai n of
SEQ ID NO 6 and t full-]ength heavy ., 20.chain of, SEQ I D NO.,7. SEQ. | D NO 8,
or "SEQ | Fekrstgtor S hoalsEEh i B Sy Ml B RN R ons
wher ei n thghédyt dfiRdveRImr I i@ addheagkll i the 9K%tafaﬁbh ohforehaitidnObf BERQyEIRNO 9
and the full-length heavy chain of SEQ ID NGO 10, SEQ ID NO 11, SEQ ID

NO 12, SHOpteDsNesh® the antsEO20pnKppdigs daseribagrin bleg spasipestian. khese i nventi on
provi des i e i . S 1.Nj i on of
A g e

pol yvi nylpyvideincetanel §iBMR)lablitylof ehenbtrapeiti@rantibodgyhdndrdzogescdfin240ation &4, 000
daltons. ] n some epbodi nents, the invention provides a pharnmaceuti.cal

f or mA%at i tBHIMESHIOB §E% 36 Jscn SddidRnaiadyaniggcs thabvilape am%r%éspnb@ﬁ;siﬁt%lpﬁg an
anti body At tﬁﬁ@gﬁﬁ;rati on range of 10 ng/m to 200 ng/mM, and 5% to 20%
pol yvi nyl pyrrolidone (PVP) having a 30 nol ecul ar wei ght range of 2000 to
54,000 daltons. In certai nSEMMAREQE THERENYENTIONN concentration range is

from 30- 150 . |In further emhodi nents, .the anti body concentration range
5T om 100- 1507 o TRy R 5P S Bua Do odGRT ATHHbT PVP | <
10% In GRbfAl (. @@%hm&tﬁszsti‘!@?._f@'uﬁﬁﬁéﬁﬁgs Wai pVP if 8R4Eo18Eu 1At rhigm
7000- 11,000 daltons. In a specific enmbodinent, the invention provides a

phar régceuntfi2080 to/ .00 dvleBY ag9aTInLibted dreor4BEati@vInsoitacilenon of a giobdut aneous
adm ni stration of. an anti.body conprising.a humani zed 2H nt.bod t
Toorg m Py Bl LR RSP 4R RarshEN S R REFVEoone 10l
dal tons. deRelbpéd HesveePAHL FERESIng hitehdahaliivRaRUIdeS Ble 136 @@ﬁ%&sisQﬂbiﬁg kitner
conprises 30 mM sodi um acetate; 5% trehal ose di hydrate; and 0.03%

Pol ysor bateéingdmolaculspmsight (M ecut-aifeand icastomized ieleassmasdial betheafyvlgeh t he above

formul ati Y ngm La anti body consisting of any of
the anti b@@?ggﬁﬁ@@lﬁéy&ﬁ? abl e .za?%?gﬂ}%%t\lloen {i%bn further provides

f or mdoat i ons \ifierieventioh @ravidds-aCh2Bod fur irtdidin gepppoghS@saminAibiting aci d
sequence sel ected fromthe group consisting of SEQ.ID NO 1-15. In further
enbodi merftascyptionel § maermolssules ﬁé’iélﬁtai%%% B Phydelogigal qOPaﬁltonwgit&e

vari abl e i b i i j of
AR, %P%Ogﬁﬁléfﬁn_ ofShd (P& P GaNYa p@gﬁég@&gﬁpﬂaﬁg%ﬂ%og

SEQ I D NG 2, or the ain“variable domain o I D"NG 3" and t he
heavy chabn4walidabbdres. dbwaignifofanSEQudtionNDaggreFdtmniand dloccwdatidnust ther pr ovi des

met hods and. f or tions rein the.anti body conppises .the full-Iength
T oht  endirsR BB R e ST Gt G e AR yREREPh b S D NG 7,
SEQ ID NGO 8, or SEQ ID NO 15. The invention further provides nethods and 15

formul ati ons wherein the anti body conprises the full-length Iight chain of
SEQ ID NO 9 and the full-1length heavy chain of SEQ I D NG 10, SEQ I D NO 11,
SEQ ID NGO 12, SEQ ID NO 13, or SEQ I D NO 14. The invention further

provides a nethod of treating a cancer of CD20 expressing B cells

-, o Y b1 o - PN = I Y



| ynphocyte predom nant Hodgkin's di sease (LPHD), small |ynphocytic |ynphoma
(SLL), chronic lynphocytic | eukema (CLL). In specific enbodi nents,

f or mul at iwoo0maspropsi ng humani zed CD20 bi ndi ng anti bodi @sT/usroopass6izul ar,
variants A, B, C, Dor HfromTable 1, or functional fragnents thereof, are

used to treat the CD20 positive B cell 30cancers. liste bove. . The
i nventi oV ‘F%@Peﬁ%wf&fé@g 1gyentiop durthes PRYIdas AdNHROME WHidRirSe

conpri si ﬂﬁﬂﬁ‘éﬂ@aﬂb§ hiahé ﬂge&lgnaltpaﬁﬂl@guub@%ﬁ&m Q@mﬁﬁﬁfﬂtﬂoﬁ' ®f & iRl JHBIB&Lc,
di sease, a therapeuticall fective anmount of humani zed 2H7 anti body of

Tabl e 1 isnclaaphprotac.dytthe adidlfl@n otd %atto éﬂ‘Vommlu)nmﬁpyrgolﬁiunc P PRPwvith a

ol Loul arTET gAY AgEn o080 4 6 800 S8 Ar VO REC e B Ao et s,

t he aut oivapdiEcHbSEMSEts 0§ tHeahesitief, the eficiodeoluPdiR ad Qﬁﬁbd“dyl fIﬁ f@het heumat oi d
arthritis (RA) and %uvenlle rheumatoid arthritis, and the RA patients are

met hot r excattedgmventy of thaaesgiien ticrayprstyde aghosepeutinFatibady &5 8 Wiagnostivadequat e

responden%> éd UX|nab refractory or relapse 5patients. In one enbodi nent,

an RA patlen I's refractory or relapsed with respect to another antl-CDQO
t her apeuti c arhivageys enhtfoddh&es ofthib otk cidol, She inaeroaidl @ulais ae agti-C&R9e i S

sel ected fromthe group conS|st|n of system c | upus erythenmatosus (SLE)

|nclud|ndmphﬁbé]ﬁéﬁﬂwpﬁﬁ@o A té¢§5ﬁ%?8§ﬂ? D29 aptbedy ity r el apsi ng
rem t i ng, ﬂéhﬁéeﬁ'aﬁtl&ﬁfgerlf?%éﬁalﬁ BBV@I c c 10 tlﬁr c n%o'ﬁeﬁl%%ntl'dflﬁ@éﬁm%@ﬁ}y bowel

di sease, erative colitis |d|opat otytopenic purpura (ITP),
thronbotumnﬁhmanhmnﬁthpembnmpuﬂhuEd)&TTP}IO@M&@nﬁhhhd,tﬁmanhnnmhdmdmna

mul tiple sclerosis, psoriasis opat neur opat hi es,
Tyast hemBoyfavnehosteed taaBuEarah GSE Qi T oD ORI b Ry naud s

syndr onme, ,c QYL&ERe §el§é’t9&j ﬁ‘aﬁﬁhe %‘F‘dﬁb%ﬁﬁkﬁﬂg oF s@@} s md INY®) 18R ther
gl onerul onephritis. In specific enpodinents, formulations conprisin

humani zedn@O2omaBHP NidE my canen, adansibody porppirises thel laght chein vamtbde dom@n o€, D or

aut of it GRDEdent PR Z6B PN SonoEREG B U AR st S o°

nmet hods afaribble@bimath $BE@IDNOB LY Battady SRas 9§matﬂé1@orﬁMﬁJO@SEQ31D Nat4.ent
suffering fromthe disease is a rlnatebMPreferabl a hunman, The invention

further préhe ke chaipeergie dempinmf S &O:fanhthaihsivigelposviriabla dogain on of
]S” m i m gig ﬁ5 RE):B! ‘rﬁé QA ;?Jr% @Pthé\ﬂ&rb@‘agyme&o? ar?o?#d%%{fﬁ iSHOEHLANGRYS

ornulat|on on injection a e | ron site o |ent conpri sing
addi ng S%tlbommiswtmﬁméﬂgﬂi llglﬁmﬁalﬁB‘f’BE@mle %dﬂhbé@lﬂﬂ@@tw\l&iaght range
of 2000 t%>54 000 daltons to the aqueous subcutaneous n§g€t|on The

i nverti orf PP REQ B O\ dett @ IRA PG00t ER AR EdsPnd FH%VeBP heppiovidey of an
25 anti bqgé‘[h@)& e{ﬂ PV&P%Q{]agmﬁ %%Elﬁ?@?ﬁ%segﬂ{@%fﬁé eﬂ%ﬁ AGindo to 20%

pol yvi nyl pyrrol i1 don ving a no wel ght ra 2000 to
54,000 d&iHQ@M3 NCm9atnd dogufetdsngubeatyahemud SE6) HuN&Y: il@;rSEQ)HDINQ;il hPSEQED

ant i body nti provides an in vitro dialysis nethod
to evaluéﬁQ]@héEégﬁwN@f’ gﬁQétﬂﬁgﬁént to reduce aggregation of an

anti body or otlh%nmfagpyml %%&énﬁﬂfﬂﬁfov?&sﬁ%ﬁﬂn@ie@gﬁ&@forﬁﬂmﬂoh'f&ns
conprising: dialyzing formul ati ons of the nacronol ecule with and wit hout

the t¥st seheitpicons adigiaisystiomof @m@cmm@mq suahi angl peeteing bgrgpiading 5% teondi ti ons

at 37C wii.bh nst a it at S t he |f|ed tion; and
nmeasuri ng g%g&gynggyﬂﬁggngdgﬁ@ggﬂﬁu ﬁgwaf PFﬂan% ?ﬁ@ ggﬁbﬁe anount of
protei n pla@s@NtinisBme Reboin@mse tHEEE AHoWSI @/ i aﬁﬁadmlmtfdsmﬁﬁatmqbr as a W

photonetric scan, wherein_ WD 2010/ 057109PCT/ US2009/ 064613
subcutancous administration of an antibody comprising an antibody at a concentration

range of 10 mg/ml to 200 mg/ml, and 5% to 20% polyvinylpyrrolidone (PVP) having a

30 molecular weight range of 2000 to 54,000 daltons. In certain embodiments, the antibody
concentration range is from 30-150 mg/ml. In further embodiments, the antibody
concentration range is from 100-150 mg/ml. In certain embodiments, the concentration of
PVP is 10%. In certain embodiments, the molecular weight range of PVP is from 7000-

11,000 daltons. In a specific embodiment, the invention provides a pharmaceutical



i ncreased protein concentration and decreased turbidity in the rel ease
mediumin the assay containing the test excipient as conpared to the
control |sokprogsesei pi ent are indicative of the abilityPofi/ush@vest3
exci pient to reduce aggregation of the macronol ecule. In specific

enbodi nent s the d|a rel ates 0. a mdifjed P S sol uti.on such as ai ni ng
167mM 5 SOHINGMI0Y A%, %EHW?PPH% MR BEPhER ROy, AUP DS A% HWF‘mF?ffg‘g cific

enbodi menfgpedy éth@Oﬂi%?rﬂmed ﬁdm% P ih g Sa boloRicDGr %ﬁgharalag@bfbwm Dadg on

nol ecul ar wei ght cut - In further specific enmbodi nents of thée nethod,
prot ei n chtoentIndtithoar embddtmnnbs dletgharmaqehecatleempesahm Bwthar earmrwemﬁ@d usi ng
WV spectropmetry. In fur nt s of od i ncl udes
visual ly W&‘Esﬁgﬁi“? telt?resto/ﬁgrﬁpeﬁi)%e&gb% SS%P @?O? ﬁjtat‘?ei sSﬁ n inside 10
the disal ysis tmlﬂ@enfn@ﬁ fRIRE ipRivVi@dsia@ of vﬂa%lb&@fo@lﬁﬁraﬁaﬁﬁébnﬂfrﬁs%god tation in
the dialysis tubing containing the test exci EI ent as conpared to the

control [laekinggd erei(IEnntibedy eriisisting pbamf oftthe arfiodjcos yisistl i fabledsThe
exci pi ent, %e%tloﬁm%r%%%géﬁ@nat ofns © Jﬁ?ﬁ{e am)ll-@ ,% Sntil) 5@%H§mgﬁ§@hpﬂ ON OF

THE FI GURE he" aggteg a fon o

physi ol ogingiad aad@ehdenw&leci’dﬂfr@h tﬂé@oﬁ@cdmiﬂﬂihg\oﬁSEQi & yeed15.ntrofuRBS f or two
days at 37C. 2 shows the in vitro dialysis nodel used to
eval uat e @cﬂH@deﬂ?réw%thean@;aE?lb|ﬂéﬁ‘n%r§1beﬁy opmDLAtsS s adht shpif Naable AgrarigIofgi cal

condi f ors?nl%go m%ﬂﬁg 1 3}1% %{aﬁ%@ﬁa&%ﬁaﬂé& §6h o sﬁéomhooi ok @h?ehfﬁis

sol ut| on | ori 17/mM Phosphat e ot assi um
37C. A6 xcarﬁalblemlgtﬂaimcﬁfS]mrir@dﬂ(aBmadmethdamghamvmhmh@écdnah ocﬁSEQeIﬂanOMI I ed 20

with apprgxi.mately .1 mi est ess air i.s_remy and. t he
o hor - and TSNy diGON R G Pry e ais B o N La RS MRS e HPEbaDAeB it 37c
Wi th consh@nfi- I%h%t'hrlig'ﬂgchaln of SEGTGNG.65havge ﬁﬂ‘ﬂeﬁﬁﬁ@%h\? ctafn dEGEDErols in

the in vitro dialysis nodel. Both 2H7 and rhuMab avveretestedlnthe
nmodel shdWR:7 AEQ IHUNE: % or SHQ LN K. |T/h£1pe%@ntfa@1eer®r0md¢§tre¢th0dsednéased into

{1 repor nogtitafohs el AR et i St - F A SRER T i fhivase
(wei ght  avariRgrl MK hdakt ) ofSEQ M ofo:No) mﬂem@engﬁﬁq PYRIGVie] ghO

average MV1.2 mllion daltons) on the release of 2H7 in the in vitro
model . IDNO:13, or BEQID5NQHGws t he ef fects of 5% 20% | ow nol ecul ar wei ght

PVP (wei ght a%qggen%% I?eﬁggcwfl#e%%%etﬁgd Mqt?e 1%%%%3&6 Rf %BEO eQ }elgsq V\%B vitro

nodel . ectiveness 0 ol ecur I ght
ranges freefty 2dtnprasidg ddrMipistdring angloaasethethudtdiizea ah i€ DI anltlbbdlemﬁiﬁlhle 1 VWO
2010/ 057109P /U82009/ 64613 DETAI LED DESCRI ETICN OF THE ENMBCODI NENTS

The VAri dig cyifcal &g cPBPEYE egutoel0”r BelyyinypyHopfdEY Fkher eby

| ndi vi duglyy oot Bh (TRl EGhERnE o6 XEB0FRRRG: AR CRAYNATY Ggat es. An

"aggregat e” s a pol yneri’c as e y conprising nol ecul es ‘or conpl exes of
pr ot ei n. cAggpregaciepably a3 Eﬁﬂﬂrlmhoina or teluleemwt émspacHat ensbodiseftk,e preci pitate

is forne e.formation of such.a vj [tate is o.r red to
hor et n adonmyige e the Riebiga T8 sifbolies st hdormp H AP akB BN of &
macr onol %ﬁlfendmnalt}eagq%ertﬁb@eﬂm fu9¢d BARAPAS-HBY |G RRFhpIRA. (NHB), Vi sual

control. Additional nethods of assaying precipitation are known in the art

and désc rln@d@nt%ﬂbmchehgg relarised indolent NolLcingl rgtgmglahetﬁiMOIUeB@qlmbéﬁ{Ln

10det ai | h | VO des )

The-t or mUBPBSO R D Sninfu APl s HdRe REPARY SR AR LY APBeE 30 i cn a
drug or qsne? chitasd @ﬂﬁﬁobﬁloabﬁ&ﬁrb@(’CDL) blacps®tic amBbdialkhe, frmuh€osd t e of

physi ol ogi cal  activity after adm nistration. The bioavai fability of a
nacr onol €UPEisighupEnizsd SR9 hyding aﬂﬁihﬂél@éhlarmﬁwi@fn‘@ﬁaé@ Al KodBotddown i n

;[/vgiegﬁ'[ ' o ek B ABELR lagogﬂggtheEngfea{rg ul 8 n) it oo g ecul ar

ant i odi eancers listed above.
The invention also provides a method of treating an autoimmune disease,
comprising administering to a patient suffering from the autoimmune disease, a
therapeutically effective amount of a humanized 2H7 antibody of Table 1 in a

pharmaceutical formulation comprising 5% to 20% polyvinylpyrrolidone (PVP) having a



The terns "excipient” or "pharmaceutical excipient" refer to conpounds

whi ch may decrease aggregation of a nmacronol ecul e. Excipients may incl ude
sugars, swabte10/65r®e am no aci ds such as L-argini ne and PClust@wions13

pol yol s, poI yet hyl ene glycols (PEGs), 20and ot her polyners, such as

pol ysor bat ol axaners The term PVP" refers to a polyner
consi sti @018% n‘f’?lg tlrﬁn%ﬂm&olqgé‘? P4 VOO A LS i Tetpeqfigigmpedbueis ) i di none
(vinyl pyraﬁ%ﬂn@ﬁfﬁ@dweﬁi&@s Q&wt@@fr% tl?@]gﬂbﬂgebﬂs@étin%rbf?ﬁeum&&ti aFtBSHS A dhd
polymers of various nolecul ar wei nonyns for polyvinyl pyrrol i done

i ncl ude Mnllpmhqlmlatmdmythmzs,@yd thel R pabdnts povmabetesxawr(¥tkplihdddguate 25The
term’ theraetlc bo to an antibody that s used in the
treat rentegpads af ENFR o B SL G e e PRl ey B o e ST i s of
action. Auatibekapestd dntdihoadsh RBYaBEMds Afelcidepbf @ldpg&l Whe rddpédad function
of a target. For exanple, a monoci onal ant | bo@i/ that bl ocks the activity of
the pr ot eénathsearie@ DG therpreusig pyiibasdy. dn other embediments) the auoesmupedisedse” s

norrmi {Unetvard BFRARE UL R SRR Rl A AR RN PR RALAEA Bl Rl (o

a prot ei nupus repheidid, nandplb selg@eis (M%) Apoptgirslapdignadmittiignahltiple sblfercms
nonocl onal antlbod binds to a target expressed only on diseased tissue,
conj ugat i BRNP), &V qg@&?‘rcs pasroaelemiieet bawcl st ulce&&rﬁe a%hte, idiopathic

che her; I
2013?%571%8)%%0'/0%§% %?g%) ,::L(% a)ﬁp? gé/m%%lgo%% 91% p(a r) specific
delivery automllnmnbcblmombpayptbpmmh tnmliu];lﬂe sdememsmbnmls,slga nephldpﬂ:ﬂm,dgh’hr mto

healthy tissue. The term "di.agnosti nti bady’ ref an_arn |body t hat
s used dSTECHoRgS: P BERIRE Poh NG T sedabd visults aibelE P body mey

bind to &RdARGES s§liREmé, H§£‘é&"s S sdbiny ﬁé’tﬁeﬁ‘}bl@ﬁﬁgptYUat(NM@j ar?d"OWS i ncreased
expr essi on |n a particular disease. The diagnostic antibody may be used,
for ex anmlememtpndelnretm Ia Sp@rl@ecmbwdlmebtsoﬂoagubabnwnmrelﬂgr@maalq@dﬁ1%2& or

e B2aFRdife pIRRE. el BT ERib R U ol ot TR 1 ekl el 1 wi

a ol ecul fergnitsahtreof, aRNREQI 8 8l YauSimithdnkiddcadces 1&@@@60@1 the surface of
greater than 90% 10 of B cells from peripheral blood or |ynphaoid organs.

CD20 is expredgeartancmbgdisants ofghemptheds pf deajiap dhmifaremengoneskdisqasesuthei |
| t t I'l's, |ynphoid
prasme. CShbieth HBEERLLALL Aokl 5LARE f PSRN IR, SUERLEEL| 5. | yrohol

cells as wel I H&mﬁéﬂtlgﬁ@mtheBpﬁﬁhdl@ a ¥thed ofiaipesvihgbr ﬁ@ﬁﬁ)ammgt he literature
i ncl ude "B-| hocyée restricted djfferentiatjop antigen" and "Bp35". The
CD20 #nt |S@B‘r1?1 Z3{1Qn GEQIIPINFRIFINGDIeFipHatiopAhan antibedy i a8 JHUWABRRQUEANCOY]y . Can.
Res. 52: Val 50 0
264(19): 11T nERa R RO RGRR LSO o duicH BompfIFEdding 6 030

br oadest m)éyméleylpymol'ejoec (FYRehdvingzomelesulapwoightmake ah2000adiSé D00 idaktdnsdo ng
full | eng h nonocl %nal ant i bodi es), nultispecific antibodies (e.qg.,

bi speci f i'B¢ AHPBOHOSEFNM OBy fragments so | ong as they exhibit the

20desi red bi olm;llﬁaénuaﬁtfwﬁetrysr@ﬁdefstanﬁéth@)dlofmcreasmg IR hdRhpikEloragt i Vity of
t he humani zed CD20 bi ndi ng anti bodies of the invention will include at

| east25bi rﬂ@iilhgdboﬁo herﬁeinamsﬁetﬁddvbwjaﬂmndm, C@Dmlsmmdéln}gﬂ&f) &r 2y binding to

human and_ot h nclud n u nkey,
chi npanzéjé)? Oh Ongg%%aé%nlﬁ o™ 8leﬁ]gl E:%Sﬁ Hpra? WG%P“ Olagt% I?l%nnﬁ?gher
than 1 x ah%qué’(ﬁ&su@d‘tﬁiﬁﬁbﬁ@fo}fmalaﬁdnV@hplﬂmﬂ@tﬂé'aﬁﬁ%d}i han about 1 x 10-9, and
be able to kill or deplete B cells in vivo preferably by at | east 20% when

conpared to thecapyigpn iferther ﬁe@/adqs\ﬁe i givor il yemmﬂlquto sutlugte g ddlitkiofh such
an anti baqgdy f ADCC, CDC,
apopt osi ga‘ﬂ ﬁcg&ﬁerreg&&hgkke%%&fn sor?gl béﬁ;ﬁb@dﬁ ® Qé}g?ﬁ%f{sﬁgagg&t r eat ment

her ei3, ghgsiofagicabédreldtions, dammyetsign elacb_;rzn@fohaniaam ofele hacrdewildcatt witler

ot hers

and without the test excipient against a test medium to simulate physiologic conditions at
37°C with constant agitation; sampling the modified media solution; and measuring the
appearance such as turbidity of the samples and the amount of protein present in the

release medium were measured by methods such as a UV photometric scan, wherein



30and certain variants of the humani zed 2H7 are preferred to achi eve those
bi ol ogi cal functions, such as ADCC. "Anti body fragnents" conprise a
porti on oWoaofwidsfiobengt h anti body, generally the anti gemChiusdioayessn3

variabl e region thereof. Exanples of antibody fragments include Fab, Fab',
F(ab') 2, .and ragnent s; di abodi es ar. ant odi es ngl e- chai n

ot bbdy ROFEEd BT AR I P LRI casos i e BT Gsreamenbi 4 690y

f ragment sontajning the'%é’st ck& ffeﬁﬁasrﬂoﬁipﬁwaﬂ t8td &fﬂ%l FaEléHQ%mlpl‘éﬁﬂ £0ifRAL BS 2
conpl ete anti gen- recognl{jl on and -binding site. This fragnment consists of a
di mer of tbﬂ@blhe’mfyhe waicxepecrBitd pdticcdpriregatian phihk enacegna@acwo ntui spe¢ifict i ght ,
non- coval ent as atl 0 romthe of thes t wo donai nate six
nyper var i S TREBE L b eiRed Bt PRE 8ot SES A PR RSB T bt o
the ani nCSo@ﬁlrﬁi M@ﬁiM@fﬁorfdér 1BAM BIgRpRiteding Fvehsiwen € Epeaifid @esbdahads ng
specificit to the ant | body. However, even a single variable domain (or

hal f of ths/megdaprthe riwéyseﬁrwbmg heee | opRionddadionfmelcewar weighirut -gfn)inhas the
ability t t i t han
R R A L P
herein r Q;ﬁﬁllpﬁestafb ABasardd BOYU Y rspeot@npeou 1 firter Gﬁlbs&hﬁl%rﬁﬂﬂ@é hythbodageneous
anti bodies, i.e., the individual antibodies conprising the population are

i dent i ca|m%th%# preludenisvally iasnestingihe sppsditid relspscipedippy andghe ﬁ%wéorx/l&ﬁudsnt s
that jmy (L aagaglqglsl gsh g& @uu%ﬂ Rherk i€ IRAQL! Lﬁ%ltﬁf&h'lf?ﬁf@’dlal b

vari ants gene sent 1 n mnor ano Such rmnoc ona ti body
typi cal | wontmmmlgiés test eaeipichiogbycoopardite nhﬁgcoatrpbllaylpeg)bxdmestelqu&hmw bt bi nds
a target, r}ﬁ‘getar et - blnmg/{l%o%‘(glglﬁ#g1 ce was obtai ned by a
process tth 1H’c‘?ﬁ ?Stteﬁ‘é G LAy Phg fUldi ng pol ypepti de
sequence from a plurali griefr PRSYREPTION @pqqﬂjq;q@U@g exarrpl e, the

sel ecti on process can b€ € selection of a 20 uni que clone froma

plurality of dilonéshowuibh aggreaatbmoif2ﬁ7 unger phisredogita wesditipita gl tatdas or
reconmpi nant e un tood that the selected target

bi ndi g SB4aENGs LARDinp PERE bk PEedB TS Cexanple, Lo [mprove af {1 ity
for t he t ar getRIGt @ show®ihie 7/ viriedislgsig elodel dl RYcve@eHdeMe @ ffebt of BRIMI@si t S
production in cell culture, to reduce its imrunogenicity in vivo, to create

a nul ti spaciH %ggmam@@@yder@&l@swloaml ¢rgitionp. é&s?éﬁtmbgiwmrdﬁrﬁﬂlpé iwm@

altered tga I l,
i nventi on. (?ﬁ%%(gﬁ (?gg @‘ﬂgﬁp Inijnz%%dﬁﬁ%l body g&lgoglgir afﬂ%ns %ﬁ)}%h typ| cally
i ncl ude didtdseiuanytat aTiG. bAG ces letptheftiechnadalysittubling fieclempeditone rhaailted

(epitopes), each nonoclonal anti body of a. nonocl onal anti body preparatl on
i s diPectith apprprimately § nH@f éestisananlen caess absns samoysdi apdiihe othengndiafiths ¢

their spgﬁbﬁgqg Snpb 6 (ORAE PRRL: ATIROYY 3 PCCRRE BRI ifr SO advant ageous

in that ey are typically uncontamnate y ot her 1 mrun bulins. The
nodi fi er "nonddGodahdws thdibebdvas dfftiee aindnobsan elne mfvzzv@dla.h}mtﬂrbmw Bethhiddil'hg

obtai ned fr.o ant i aII hopogen S po. at| ant bodl es, and is
ot 1 0 be UL 48 Neks st OB BHCLH AT B iEre SnAft GORY 69 any

parti cul gerditd %@ df pfofdin EASIIRA Mrto ’EH%Q’HB)M@&&R%S Iﬁsﬁslﬂ%d& 3, 6012084 UBehdi N
accordance with the present invention nay be nade

2010/1557]@91%11@@2@1@9/ 064613 by a vari ety of technl ques, including, for

exanpl e, the r| d (1975);
Harl ow et al. % ntl o‘?ﬁ élg e?foc b%‘gél% ?%%eu%tﬁ}P&eraN@gaﬁraée &l‘gygﬁé

Labor at Ordéltﬁ’ﬁsg S8d hagndn@ecula;%&ght Pmélghtrb@eﬁtge AW, 1.2 miillivariardnah the

Anti bodi es and T-Cell Hybridomas 563-681, (Elsevier, NY., 1981)),

r econbi nagicaned 2H7 in the in vitro model.
FIG. 5 shows the effects of 5%-20% low molecular weight PVP (weight average

30 MW 9K daltons) on the release of 2H7 in the in vitro model.
FIG. 6 shows the effectiveness of PVP with molecular weight ranges from 2K to

1.5 M on the release of 2H7 in the in vitro model.



5net hods (see, e.g., U S. Patent No. 4,816,567), phage display technol ogies
(see, e.g., Cackson et al., Nature, 352:624-628 (1991); Marks et al., J.
Mot . Bi olwQ 28005589%- 597 (1991); Sidhu et al., J. Mt. BiPoT/US3B8(02461299- 310
(2004); Lee et al., J.Ml.Biol.340(5):1073-1093 (2004); Fellouse, Proc.

Nat. Acad. Sci. US E : (6: ? X al. J. Immnol.
Met hods 284(1-2):1 - NISoduci ng human or
human- 1 i ke antyiadiigss fotmd0F RhRrd ‘héfag%l%gﬁe’pﬁér%o Qprédels QherbBeindtIRRL

i mrunogl obulin | oci or genes encodi ng human i mmunogl obul i n sequences (see,
e.g., WOMmewesd/ndigodes Woohgdeye8 46061t WD 1190 8¢ BATES; AND aReSRAte) 7 ;
Jakobovits. et al. Ptgloc. Nat | . A(iad Sci, UISA 9S}O: 2t551§(§99§’§ " Jakobovits et
al ., Nat UPYMIEAshurblS cgmphigigamolelns I sAmRICEEs O Proteif £} SETREAIQRGRY | 7: 33
(1993); Wr&eed dPacRtenNSt a BisiADpBOiBitatd iORHBmERSThSf P RdiSHEr udh b v@fible
GenPharn); 5,545,807; WO 1997/17852; U.S. Patent Nos. 5,545, 807; 5,545, 806;
5, 569, 82Pre@pigRs s pp®; reergd 30 hosin agndogcuwb®ong’le; Marks et al .,

(1994)  Nor 1 SH Okl 0] o bR e pSBLE b hnofteute MR fergpiftfeq 0, 0°°

Bi ot echnalxagyle, by colifdrisdh 1o & 1898))contdelueddigsnal Mathode oBaghdiaf pedcipititiod 4: 826
(1996); 20and Lonberg and Huszar, Intern. Rev. Immunol., 13: 65-93 (1995).

"Funct i orfhf Kagvaypdne art apd descabeshdowi s His nttiadaives nthaddeseikedriti on are
t hosefr 10 i ndi Q%(p i stantially the sane

af fi nllotya(%?ﬂtqh:&%an kc%’%%mepn%%g?ﬁ&rlrg?sgcu em},‘?%a%@/ﬁ?bh they are derived and
show bi ol ogi calheaetn Vhibyvailabilidi mipraephedégrey 8 vlath sr mse aredsclr @drulgyori n

vitro or in vivo assays such as those . cribed herein. 25The ter
Vi L anl @her SR S Rl By Bog e T A B s i S BB RA St 1 P domai ns
di ffer exdansisyaion. i%e%@ﬂ@&li@'ﬂ?@ﬂné&%&&@&h@%ayﬂé%ss\éyg@ﬂ?iiﬂ“vi{)@di ates

antigen binding and define specificity of a particular antibody for its
parti cul ethagmadolmeticsHovibody knovineinvbg #tabi ity is not evenly distributed

across the 110-am no.acid span of the variable mai ns. .l nstead he |V

eq ofis consi sHRgT oRdrPaRgtien stbrdne M RatEndE TR Rt RaRRRg At

30r eqi Onslo(malt_aﬁs,iﬁdﬁﬁymllﬁ&[ﬁﬁiedﬁz SRRak aﬁtqg)dmg;lshorter regi ons of .

extreme variability called "hypervariable regions" that are each 9-12 am no

acids |ong. TheatamsalskelpighedrnPhemageticpbexeauey” sier ticgmpoenisivycleach

conpri se I I L 3- i i ted by

hroe nyposydef s efiaioh o ARkl e’ EXEREn SR RILEE Ll SRRTRE!

2010/ 057 RSO Ak D64GIhdneadnd 1i-plusaniide,gR$wss, polyrihyiene i fcobf (PEGIR

| 3-sheet structure. The hypervariabl e regions in each chain are held

} ogeﬂt@ﬁr @fﬁéﬂ%@ﬁlwismh;%ﬂ_plgi/gwgém%olif?@}ﬂwg ﬁVtthe &hf%per vari abl E érﬁgi ons
romthe ot her g 3 : : - i ng

site of anti boT(}fee?n?s%ngaeE%t e?palsl‘.jfe goeqs‘ilisglﬁgegsggtflﬁlgr ot gﬁe%ly%?%e :

I mol ;)ﬂﬁ-ﬁg&lt-ﬁmvgobéi}\l/%nﬂvhlgygidynﬁﬁuﬂé)i ‘dleid@;gﬂeb lof gelnym:erieatidﬁattﬂvd?& relsud:ﬂ i '([j ut es

0 al th, esda, ) .. The constant dopains are. not.involve

i r oot |y ROBTTG Mg asivs ROIEEEY Veishin SAPTYaNor PaD ERABTIcgay 5 HLC e T ect or

functi Onq;VIS,%l‘y(%j@@fztlkﬂo@ﬁbh?np&fidéd@,eﬁlﬁﬂ(bmggly‘_ in anti b_ody" dependent

cellular cyt Otfk)él Ci ty@( DCC) . %e@; ergr hyper \(g&iyatgl e rg@gﬂ;ﬁo\r};}m when used

herei®d refers teime “thatapeutecint bady rrekirtlioes aofi At 1 bexfyinihg eeataeat

responsi blfgi.for n&ll gaen-tbi nc!ibna. Th?1 héc( ervari aFI e reg% on ﬁ'eﬁetilal l%(t'

conprises am no actd Fesi dties  FY Oy a Ve Sl "8 T AT TS T et 8 ni i hgP ¥ Edi on”

or "CDR' #n€ib@dy Mepbind aab agiitrd1R8 iR maffudétidl d)a tabRt. SBor(dxdmpand 89- 97 (L3)

in the VL, an argund aaboutr31- 35B (H1), 56- 65 _a( I?g% and 95- %0_2 (H3) in the

VH ( Kabatmeiockgnal antibgdi hagBlogks the getevitysofghe profaimaeadgd éeiithe ptreivakef a 5t h Ed.

Publ i c ryi L.onal ' - - )

(19915) ey phEehe ACLLAR A bAS! DB ol PR eSO R Hid D, o

26- 3230( LIand abvdd@the lndymalrfdnGionF a(thigpt. For éxXaenpid, a ramcbcRmaBahtibbily carbiiiAd 55

(H2) and 96-101 (H3) in the VH (Chothia and Lesk J. Ml . Bi (fl . .. 196:901-917
(1987)). to a proteinon 4 cell and trigger an apoptosis signal. Finally, 1f a monoclonal antibody

binds to a target expressed only on diseased tissue, conjugation of a toxic payload

(effective agent), such as a chemotherapeutic or radioactive agent, to the monoclonal
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“Antibody fragments” comprise a portion of a full length antibody, generally the

antigen binding or variable region thereof . Examples of antibody fragments include Fab,
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subcut aneous adm nistration of an antibody conprising a humani zed 2H7

anti body at 100ng/m, and 10% PVP havi ng a nol ecul ar wei ght range of

7000- 11, 080 2dwlatsores. | n further enbodi nents, the phar na®emttise@d/oemnposi ti on
further conprises 30 nM sodi um acetate; 5% trehal ose di hydrate; and 0.03%

e o o LB e LR F RTRLIRCRY b dsiin ot G akogiar &> 46°

referred c{lol\ﬁaﬁ[rg'ﬁ@ﬁ)sfl!ﬂé’ﬂK)Haﬂlcﬂw%Pt@lc'zaifn'tz%&@})%w‘%}&z% Mgy i zed 2H7
antibody 1S an antibody listed in Table 1. TABLE 1 unani zed anti - CD20

Ant i body Spmichg\arberritabotriey Pofss 2Hd Maﬂ?&?ﬁIHMhnsﬂ@g dbaNOn: Mono@e@/l D NO. Ful |

L chain SzF%bOEleS and '7:”%@11 ﬁyﬁrﬁ%mas%@? 6l8|P eﬁ(l)sew%r ]N %( 9%15 recomgmantci)NA

5 methods (see, e.g., U.S. Patent No. 4,816,567), phage display technologies (see, e.g.,
Clackson et al., Nature, 352:624-628 (1991); Marks et al., J. Mol. Biol., 222:581-597
(1991); Sidhu et al., J. Mol. Biol. 338(2):299-310 (2004); Lee et al.,
J.Mol.Biol.340(5):1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. USA 101(34):12467-
12472 (2004); and Lee et al. J. Immunol. Methods 284(1-2):119-132 (2004), and

10 technologies for producing human or human-like antibodies in animals that have parts or
all of the human immunoglobulin loci or genes encoding human immunoglobulin
sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO 1996/33735; WO
1991/10741; Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et
al., Nature, 362:255-258 (1993); Bruggemann et al., Year in Immuno., 7:33 (1993); U.S.

15  Patent Nos. 5,545,806; 5,569,825; 5,591,669 (all of GenPharm); 5,545,807; WO
1997/17852; U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825, 5,625,126, 5,633,425; and
5,661,016; Marks et al., Bio/Technology, 10: 779-783 (1992); Lonberg et al., Nature, 368:
856-859 (1994); Morrison, Nature, 368: 812-813 (1994); Fishwild ef al., Nature
Biotechnology, 14: 845-851 (1996); Neuberger, Nature Biotechnology, 14: 826 (1996);

20 and Lonberg and Huszar, Intern. Rev. Immunol., 13: 65-93 (1995).

“Functional fragments” of the CD20 binding antibodies of the invention are those
fragments that retain binding to CD20 with substantially the same affinity as the intact full
length molecule from which they are derived and show biological activity including
depleting B cells as measured by in vitro or in vivo assays such as those described herein.

25 The term “variable” refers to the fact that certain segments of the variable domains
differ extensively in sequence among antibodies. The V domain mediates antigen binding
and define specificity of a particular antibody for its particular antigen. However, the
variability is not evenly distributed across the 110-amino acid span of the variable
domains. Instead, the V regions consist of relatively invariant stretches called framework

30 regions (FRs) of 15-30 amino acids separated by shorter regions of extreme variability
called “hypervariable regions” that are each 9-12 amino acids long. The variable domains
of native heavy and light chains each comprise four FRs, largely adopting a 3-sheet

configuration, connected by three hypervariable regions, which form loops connecting,
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and in some cases forming part of, the 3-sheet structure. The hypervariable regions in
cach chain are held together in close proximity by the FRs and, with the hypervariable
regions from the other chain, contribute to the formation of the antigen-binding site of
antibodies (see Kabat et al., Sequences of Proteins of Immunological Interest, Sth Ed.

Public Health Service, National Institutes of Health, Bethesda, MD. (1991)). The constant

domains are not involved directly in binding an antibody to an antigen, but exhibit various
effector functions, such as participation of the antibody in antibody dependent cellular
cytotoxicity (ADCC).

The term “hypervariable region” when used herein refers to the amino acid
residues of an antibody which are responsible for antigen-binding. The hypervariable
region generally comprises amino acid residues from a “complementarity determining
region” or “CDR” (e.g. around about residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in
the Vi, and around about 31-35B (H1), 50-65 (H2) and 95-102 (H3) in the Vi (Kabat et

al., Sequences of Proteins of Immunological Interest, Sth Ed. Public Health Service,

National Institutes of Health, Bethesda, MD. (1991)) and/or those residues from a
“hypervariable loop” (e.g. residues 26-32 (L.1), 50-52 (L2) and 91-96 (L3) in the Vi, and
26-32 (H1), 52A-55 (H2) and 96-101 (H3) in the Vi (Chothia and Lesk J. Mol. Biol.
196:901-917 (1987)).

As referred to herein, the “consensus sequence” or consensus V domain sequence
is an artificial sequence derived from a comparison of the amino acid sequences of known
human immunoglobulin variable region sequences. Based on these comparisons,
recombinant nucleic acid sequences encoding the V domain amino acids that are a
consensus of the sequences derived from the human x and the human H chain subgroup 111
V domains were prepared. The consensus V sequence does not have any known antibody
binding specificity or affinity.

"Chimeric" antibodies (immunoglobulins) have a portion of the heavy and/or light
chain identical with or homologous to corresponding sequences in antibodies derived from
a particular species or belonging to a particular antibody class or subclass, while the
remainder of the chain(s) is identical with or homologous to corresponding sequences in
antibodies derived from another species or belonging to another antibody class or subclass,
as well as fragments of such antibodies, so long as they exhibit the desired biological

activity (U.S. Patent No. 4,816,567; and Morrison ef al., Proc. Natl. Acad. Sci. USA
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9 141 1 2 6 15 Each of antibody variants A, B and | of Table 1 conprises
the light chain variable sequence (VO

DI QUTQSPSBOSABMIGDIRYTI TCRASSSVSYMAHWY QQKPGKAPKPLI YAPSNL AS@CH/USRSBR 064613
FSGSGSGTDFTLTI SSLQPEDFATYYCQASFNPPTFGQGTKVEI KR (SEQ ID NO !); and the

Ve VS Lo R YRR sesccoesi g osebalshisyeric

NOKFKGRF T SVEMSKNTL YL QUNSL RAEDTAVYYCARVVYYSNSYWYFDVWG QGTLVTV SS (SEQ I D
NO 2). 15 Each of antibody variants C, D, F and G of Table 1 conprises the
| i ght chai n vaiHuatdnezedd fprened npivGuman (e g, rnurlne) antibodies are chimeric

Eg%ngﬁ%%ﬁ#g%%mssvw% AR SETRE SO0y ¢ e

heavy schaion tieahbapaf, BeaMeAGentiV6dics are human immunoglobulins (recipient or
EVQ_VESGGGLVQDGGSLRLSCAASGYT FTSYNM-IV\X/RQAPGKGL EWGAI YP 25 CGNGATSY

NQ(FKG?F‘PICSRHDKSNW ) VRS FRABDTAIN YT AREIONYSASYAHTRAAGCRETIE YRV eB8C{HEQ | D
120 A0 O L RS R AP0 S
sequence ratyHbbit or nonhuman primate having the desired specificity, affinity, and capacity. In

some instances, Fv framework region (FR) residues of the human immunoglobulin are

10 replaced by corresponding non-human residues. Furthermore, humanized antibodies may
comprise residues which are not found in the recipient antibody or in the donor antibody.
These modifications are made to further refine antibody performance such as binding
affinity. Generally, 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

15  loops correspond to those of a non-human immunoglobulin and all or substantially all of
the FR regions are those of a human immunoglobulin sequence although the FR regions
may include one or more amino acid substitutions that improve binding affinity. The
number of these amino acid substitutions in the FR are typically no more than 6 in the H
chain, and in the L chain, no more than 3. The humanized antibody optionally also will

20  comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a
human immunoglobulin. For further details, see Jones ef al., Nature 321:522-525 (1986);
Reichmann et al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:593-
596 (1992).

“Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell

25  in the presence of complement. Activation of the classical complement pathway is
initiated by the binding of the first component of the complement system (Clq) to
antibodies (of the appropriate subclass) which are bound to their cognate antigen. To
assess complement activation, a CDC assay, e.g. as described in Gazzano-Santoro et al., J.
Immunol. Methods 202:163 (1996), may be performed.

30 Throughout the present specification and claims, unless otherwise indicated, the
numbering of the residues in the constant domains of an immunoglobulin heavy chain is
that of the EU index as in Kabat ef al., Sequences of Proteins of Immunological Interest,
5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD (1991),

expressly incorporated herein by reference. The “EU index as in Kabat” refers to the
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EVQLVESGGEELVQPGGSLRLSCAASGYTFTSYNMHWRQAPGKGLEWGGAI YP GNGATSY

NQKFKGRFTI SVDKSKNTL YLQWNSLRAEDTAVYYCARWYYSYRYWYFDVW\G 35 QGTLVTV SS (SEQ I D
NO. 5). Bsiorowfosarwi body variants A, B and | of Tabl e 1Pcorgseimssicihe ful |

| ength |ight chain sequence:

40
Di PSSL SASV! Tl T SSVSY P PKPLI YAPSNLAS SR FS GS G5
GT %ﬁl §e§€@59% %V PEVHIYES F‘Fige feglon are
DEQL KS@%MWEJBW@% GERRIKBRIthSlnupstideihls sPstem is
SKADYEKHKVYACEVTHQG.SSPVTKSFNRCGEC ( SEQ | D 1 6). Variant A of "Table 1
conpr i sesspediicdllyl indicetadt h heavy chai n sequence:
EVQLVES RLS G SYNMEHW/I P EVWGAI YR ! Y. 10,
NOKFKGRF LW&%L&%AW&%@Q&W&% m@&@sﬁﬁ@
SVFPLAP 3.245N5. SFOAL B nRERT VDN BB hudlay Hﬁ&ﬁ’od‘%ﬂe@gnated Sy3BRYSLS
SWTVP S S SLGTQTYI CNVNHKP SNTKVDKKVEPKS CDKTHTCPP CPA 15 PELL GGP

SVFL FPPKPr ST s org Eoretar/I0¢E S AMENBr wrmmsrss LGy rNa Pk BREEQ

EEMTKNOVS P TKYE S A ENSOPERIYK PPyt R (VoI e
RWQQGNVF ScE4MoiAb HIBY T3S SUGPCE, (BB hididQgGP) “BYArlndalled of Table 1
conprises_the full |ength heav ai n;,sequence: 25

VL VE LAY R! SEO0mSE P S ROASEREE Y AT N G qeiine 131
sasTiEe SVERTA S QAR EEFATAE VRS L SN0 avo s
SGLYSLS S\VAPBVR 1 BurshdGhQHodl@NY/AKIe dSNTRVDIRKEPKS. SDIKTIEPCHPE8EPA 1 RERT)
and variants thereof including “framework patched” or humanized 1F5 (WO 2003/002607,
Leung, S.; ATCC deposit HB-96450); murine 2H7 and chimeric 2H7 antibody (US Patent
No. 5,677,180); a humanized 2H7 (WO 2004/056312 (Lowman et al.) and as set forth
15 below); HuMAX-CD20™ a fully human antibody (Genmab, Denmark; see, for example,
Glennie and van de Winkel, Drug Discovery Today 8: 503-510 (2003) and Cragg ef al.,
Blood 101: 1045-1052 (2003)); the human monoclonal antibodies set forth in WO
2004/035607 (Teeling et al.); the antibodies having complex N-glycoside-linked sugar

chains bound to the Fc region described in US 2004/0093621 (Shitara ef al.); CD20

3TM

20 binding molecules such as the AME series of antibodies, ¢.g., AME-13 antibodies as
set forth in WO 2004/103404 (Watkins ef al., Applied Molecular Evolution); A20
antibody or variants thereof such as chimeric or humanized A20 antibody (cA20, IMMU-
106 a.k.a. hA20, respectively (US 2003/0219433, US 2005/0025764; Immunomedics);
and monoclonal antibodies L27, G28-2, 93-1B3, B-C1 or NU-B2 available from the

25  International Leukocyte Typing Workshop (Valentine ef al., In: Leukocyte Typing 111
(McMichael, Ed., p. 440, Oxford University Press (1987)). The preferred CD20
antibodies herein are humanized, chimeric, or human CD20 antibodies, more preferably, a
humanized 2H7 antibody, rituximab, chimeric or humanized A20 antibody
(Immunomedics), and HUIMAX-CD20™ human CD20 antibody (Genmab).

30 An “isolated” antibody is one which has been identified and separated and/or
recovered from a component of its natural environment. Contaminant components of its
natural environment are materials which would interfere with diagnostic or therapeutic

uses for the antibody, and may include enzymes, hormones, and other proteinaceous or

nonproteinaceous solutes. In preferred embodiments, the antibody will be purified (1) to

15



GEP SVFLFPPKPKDTLM S RTPEVTCVWWDV S HEDPEVKFNWYVD GVEVHNAKT KPREEQ 35
YNATYRVVSVLTVLHQDW.NGKEYKCKVSNKAL PAPI AATI SKAKGQPREPQVY TLPPSR
EEMIKNQVSKOCLMWGFYP SDI AVEWESNGOPENNYKT TPPVLDSDGSFFL Y SKIPCTNISK®9/064613
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NGO 8). 40 Variant | of Table 1

compri ses the ful | engt h heavy.chai n sequence:
EVEVESG@@W&%@@%@%M& @%Wﬁ@%@@ﬁ%ﬁmw regtbpst ayd most
NOKFKGRF T VRIS BING ke Y VOB, RAERT, SN YHVERMWG L5, RGTAVTY S SASTKGP
SVFPLAP SKSTS GGTAALGCLVKDYFPEPVTVSWS LT SGVHTFP AVLQ S SGYSLS SWTVP

SS SLGﬁ@ﬁﬁ@ﬂﬂ@ﬂﬂﬁk&nﬁmmkmommvﬁw&@n@DKTH$©B9u®RAIBEDEaspﬂiﬁngcup

GOPSVFL PRI SRTBROTARANE DG SR IUAF TRpecne

YNATYBVV%hMbhﬁmg\GS&%ﬂ@@ﬁM RIPErABTY | SKAKGEIRREEIIMY] dhISIR imcludes
EEIV[I'KNQ\/SLTCLVKGFYPSDI AVEVWESNGQPENNYKT TPPVLDSDGSFFLYSKL TVDKS

RWOQGNVF SESHMNHIRAY FNFHYT ORISR T ey Inaq@Et lepstone compomyi Rf 8 ant i body

TosequencatioghnrepEliiadinntf e R bR et B A vpoR
FSGSGSGT RTILLE 55 R A TY X CRRMARNRBAGERET KVEI KRTVAAPSVFI F PPS 15

DEQL KSGTASVVCL L NNFYPREAKVOWKVDNAL QSGNSQESVTEQDSKDSTYSL  SSTLTL
SKADYEKHI@A‘WW’@SW@WSE@‘FD NO 9). Variant C of Table 1

conprisses the
Evg Vl Ig S qu Vén?i%t)o\h@@ﬂ%@lﬁl@eﬂtl&? %%lO% cfor sub C%%IlGeR%SS

administration of a macromolecule, such as a protein, cornprlsmg 5% to 20%
polyvinylpyrrolidone (PVP) with a molecular weight range of 2000 to 54,000 daltons. In
some embodiments, the invention provides a pharmaceutical formulation for subcutancous
administration of an antibody comprising an antibody at a concentration range of 30mg/ml

15  to 200mg/ml, and 5% to 20% polyvinylpyrrolidone (PVP) having a molecular weight
range of 2000 to 54,000 daltons. In certain embodiments, the antibody concentration
range is from 10-150 mg/ml. In further embodiments, the antibody concentration range is
from 100-150 mg/ml. In certain embodiments, the concentration of PVP is 10%. In
certain embodiments, the molecular weight range of PVP is from 7000-11,000 daltons. In

20  a specific embodiment, the invention provides a pharmaceutical composition for
subcutaneous administration of an antibody comprising a humanized 2H7 antibody at
100mg/ml, and 10% PVP having a molecular weight range of 7000-11,000 daltons. In
further embodiments, the pharmaceutical composition further comprises 30 mM sodium
acetate; 5% trehalose dihydrate; and 0.03% Polysorbate 20, at pH 5.3.

25 In various embodiments, the invention provides pharmaceutical compositions
comprising humanized 2H7 antibodies (also referred to herein as hu2H7). In specific
embodiments, the humanized 2H7 antibody is an antibody listed in Table 1.

TABLE 1 - Humanized anti-CD20 Antibody and Variants Thereof

2H7 Variant VL Vi Full L chain Full H chain
SEQ ID NO.| SEQ ID NO. SEQ ID NO. SEQ ID NO.

A 1 2 6 7

B 1 2 6 8

C 3 4 9 10

D 3 4 9 11

F 3 4 9 12
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NQKFKGRFTI SVDKSKNTL YL QUNSL RAEDTAVYYCARWYYSASYWFDW\G QGTLVTV S
SASTKGP SVFPLAP S SKST S GGTAALGCLVKDYFPEPVTVSWNS GALT SGVHTFP 25 AVLQ S
SGLYSLS SVOBVR/S789 SLGTQTY!I CNVNHKP SNTKVDKKVEPKS CDKTHT @PP/USEW9RELsi3 GGP
SVFLFPPKPKDTLM S RTPEVTCVWWDV S HEDPEVKFNWYVD GVEVHNAKT KPREEQ 30
YNATYRVVSVETFVEHODWENGKEYKCKVSNKAL PARHAATH SKAKGOPREPOVY-TFLPPSR
EEMTKNQVSLICL VKGEYP | SDI AVEWESNGOPENNYKIITPPVI DSDGSEEL YSKI TVOKS
RWOQGNVFSCSVVHEAL HNHY TOKISLSLSPGK $SEQ | D NO 10). 35 Variant 1B of Table 1
conprises the flull I\engtlh heavy chain sequence: 15
EVQLVES VOPGGSLRLSCAASGYTET SYNVAWRQAPGKGLEW/GAT YP GNGATSY
NQKFKGRFTI SVDKSKNTL YL QUNSL RAEDTAVYYCARWYYSASYWYFDWAG 40 QGTLVTV S SASTKGP
SVFPLAP $lagk ST ail@dy Aatiats ¥<BmRERY YRS ogii Fe SBYHERFCha QrebBGLYSLS
SWTWP S S SLGTg[[é!rCN\/NHKP SNTKVDKKVEPKS CDKTHTCPP CPA PELL 45 GGP
SVFLFPPKPRIBITfY PEVTCVWDV S HEDPEVKFNWYVD GVEVHNAKT KPREEQ YNATYRW
SVLTVLH QRMINGIEPKSAYA SNGRIBAPIT TS Sy KAKBORRER) VG KAIRBSR Y MBBNLASG
2010/ Q57 1{pRRCT/ US2009/ 064613

EEMIK| W @ﬁw R%;ﬁﬁ(ﬁ%ﬁg
RV\QXJTIV%?@%%WHE%Q(SL LSPGXK ( SEQ QD NO ). %EE@AEKE@Q%QM el
S Tu

conpri se | Iength heavy chai n sequence:

EVQLVES SL\@/%GGEI%?LS SGYTFT SYNVHWRQAPCKGLEWGAI YP GNGATSY

NOQKFKGRFTH! EIERALVE BRINERFEAVYNCARVVY YSASYWFDWAG QGTLVTV 10 S SAS TKGP

SVFPLAP Fv$EVESSEETMORGAHIHERYEYS FMNY NG BRGAFEK BYIEY VGATYP
GNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWG
QGTLVTV
SS (SEQ ID NO: 2).

15
Each of antibody variants C, D, F and G of Table 1 comprises the light chain variable

sequence (Vp):

DIQMTQSPSSLSASVGDRVTITCRASSSVSYLHWYQQKPGKAPKPLIY APSNLASG
VPSR

20 FSGSGSGTDFTLTISSLQPEDFATYYCQQWAFNPPTFGQGTKVEIKR (SEQ ID NO:
3), and

the heavy chain variable sequence (Vp):

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYP
25 GNGATSY

NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSASYWYFDVWG

QGTLVTV

SS (SEQ ID NO: 4).

30 The antibody variant H of Table 1 comprises the light chain variable sequence (Vi) of
SEQ ID NO:3 (above) and the heavy chain variable sequence (Vy):

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYP

GNGATSY

NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWG
35 QGTLVTV

SS (SEQ ID NO. 5).

Each of antibody variants A, B and I of Table 1 comprises the full length light chain

sequence:

40  DIQMTQSPSSLSASVGDRVTITCRASSSVSYMHWY QQKPGKAPKPLIYAPSNLASG
VPSR

17



S SGELYSLS SWTVP S S SLGTQTYI CNVNHKP SNTKVDKKVEPKS CDKTHTCPP CPA PELL GGP
SVFLFPPKPKDTLM S RTPEVTCVWWDV S HEDPEVKFNWYVD GVEVHNAKT 15 KPREEQ
YNATYRVVSVO R0A0HRDME NGKEYKCKVSNAAL PAPI AATI SKAKGQPREPQVY  PLPPRISB09/064613
EEMTKNQVSLTCLVKGFYP SDI AVEVWESNGOQPENNYKTTPPVLDSDGSFFLYSKL TVDKS 20

corpr seﬁ%ﬁ%gﬁﬁ@m&%@ﬁg@ SBTR R A ABEL re

EVQ_VES GGSLRLSCAASGYTFT SYNVHW/I PGKGL GAl YP. GNGATSY 25
NQ(FKGRF‘ITPEQ SRS M%WWWWEQWKS‘D%HKGD
SVFPLAP SSBHRIIT S GGTAALGCLVKDYFPEPVTVS WNS GALT SGVHTFP AVLQ S
SGALYSIES SKRANF EX K BYAEWT ERNEHP VANRTKRGYZEPKE CDRTHDCRY CPA 30 PELL GGP
SVFLFPPKPKDTLM S RTPEVTCVWDV S HEDPEVKFNWYVD GVEVHNAKT KPREEQ
YNATYRVVS¥ it Wit bieK LEPARInAA T koA KA : TLPPSR 35
EEMIKNQVSLTCLVKGEYP SDI AV @%ENNYKTTPP DSDGSFFLYSKL TVDKS
R\A@G\NFQ@W@SQW@RQ_@ ASBOYTH TN NMEYW VRQARGKGLEYY VEAI N E 1
conpri seGNEG®HN | | engt h heavy chain sequence: 40

EVQLVESGEENERGEIIRE SOXSICYTE Y BONNB/RAAPEKAY FWHAR YR YGRMYBWYFDVWG
NOKFKGRFTOSYDMIKNTL YLQVNSLRAEDTAVYYCARWYYSYRYWYFDVWG QGTLVTV

SSASTKGPRFAYARSBKBF BLEPSAK STE UIKIYEREGY T VEINSEAE M BBV TRRS G A LASIGY HTFP
SSGLYSLSRAATHPSSSLGTQTYI CNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPA PELL WO

2010/ 057 SUSZOOM PRERILE T TYICNVNHKPSNTK VDK VEPKSCDK THTCPPCPA
GGDS\@\_AF/P KDTLM SRTPEVT%VVVIS)VS KFNWYVDGVEVHAKT KPREEQ
YNAT %WB%%%W&%%BW@EP%YW&EVHNAU
KPREEQ
YNSTYRVVSVLTVLHQDWILNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVY
TLPPSR
20  EEMTKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL
TVDKS

RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 7).

Variant B of Table 1 comprises the full length heavy chain sequence:

25 EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYP
GNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWG
QGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP

30  AVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPA
PELL
GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQ

35 YNATYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIAATISKAKGQPREPQVY
TLPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL
TVDKS
RWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 8).

40
Variant | of Table 1 comprises the full length heavy chain sequence:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYP
GNGDTSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSNSYWYFDVWG

45 QGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPA
PELL

18



5 EEMIKNQVSLTCLVKGFYPSDI AVEVWESNGQPENNYKTTPPVLDSDGSFFLYSKL TVDKS
RWQQGNVFSCSVMHEAL HNHYTQKSLSLSPGK ( SEQ | D NO 14). In certain

enbodi mrerwe,20tos7tiamani zed 2H7 anti body of the inventi oRrCTOISRIDRN6HOIPri SEs
amno acid alterations in the 1gG Fc and exhibits increased binding

east 6) CF@F%379a?%ﬁ%ﬁ%%Xﬁ?ﬁ&f@&&iﬁ%ﬁﬁﬁhﬁ%ﬁ\&%\’ﬁ@?@%gﬁ& Y east

100 fold, %R%F rabl§ at |l east 125 fold, even nore Tpreferabl at | east 150
fold to aHIATYRAVEYLEVLHQDWINHKRYH GEYSYA i RAPIGA BSKAK GRPREPRY Yasn297
in the CHLRRYRai n. Humani zed 2H7 anti body conpositions of the present

i nventsi orEEM@KMNI@V SO b¥ViKiG RS IoFA \alny ESNGQRE WS Y EERRV hig SPGSERL Y SHK 12 H7

ant i bodi eBVIDKE®i ng a Fc regi on, wherein about 80-100% (and preferably about
90- 99% qWQ@GNW@S@@WHEAmﬂmvm?@ﬂsmmom@mm :NEYuUre core

car bohydrate structure which | ack cose, attached to the Fc region of the
! ycoPr OUglch or ShiRkbaG ATRATS L1 PNF. GHE HGITRR! | LIt {&@& fAntGEX DR dhaf

sur pri sing Clﬁr?proveng ?1?1[ bi nd?ng to FCcyRI'I gr8 ]\%m ch&llggﬁ(n% ag

ef f eciti vescqsenBeyRI 11 A (V158) in interacting 20 with human 1gG FcyRIITA

Xﬁé??éani@\ﬁ@%ﬁ%ﬁ@?@ﬁ%@é\i*ﬁ*&%@ﬁ@ﬁ%&ﬁmgﬁﬁ%ﬁ@%
ARHE [ N N e Rt R B o

popul ati dPX hat are nonfucosyl ated. YB2/0 and Lecl13, however, can produce
ant i biodi eBEQLKSG?IB\&\OVGBWEBREV&KVQWKWNAEQS@\IS@ES‘%YE@ES&D%TYSU Bi 0.
Chem 27&STIA)L, 3 4 6 6-3 4 7 (2003), reported that antibodi es produced in
YB2/ 0 andSKADYIKIEK vy AN THQGSS PhesSIRURB EAc (SO TP, Nekmw si gni ficantly

i ncreased ADCC activity in vitro. The production of antibodies with reduced

fucose cont enty (&t @lo%Q"agﬁslcéd&?&geé fﬁlequlg tengtt heby gllmam gﬁdéﬁ&': '

"Optimzation of humani ze ycoen I neered Pichia pastoris" in

Nat ur® Bi E)VQ@YESGCKMVQ@C#&%RIMAASGZ’Z EXrY NMODB Y RQARCIRGLEW HIGAITCRNCer
Res. 64( &N@AABY2133 (2004); US 2003/0157108 (Presta); US 6,602,684 and US
2003/ 01758@K FK@RICEARY DA SK €T DN QIQd@NB LRUBIZOAHYFTIBRI VY YA SO0 3 ¥G4, US
2004/ 0132349L.vai of Kyowa Hakko Kogyo). The fornulation herein may al so

contain @@TI@@PSQPFLAPSSKST?@WﬁG@iV@?FP@VTWW@@A&@S@W@

i ndi c.%tlo Ing treated, preferably those wth co errentary 3bactivities

o e AR NS b e

chenot her tlc ent Kine_or i mmu ressjive en one which
aots on ooeyELFER Rk AT &WWW%@%ﬁBPEX&FNWﬁ%@N&M%%Em .,

e.g. one WEE bi nds LFAFH%H'D The effective anbunt of such other agents
deperids oNNAHY RVBBMLTHTL WKEXMVSNMWRMS&AI@GQPRM%\@@ of
di sease ofLRRSorder or treatnent, 5and other factors di scussed above. These
ar e generBEMTKNGUSL TCLNVE (GaS Dis\EgeE SNGIQENN Yad i P SLDADGSFFLYSKAS as
descri bedrviekgi n or about from1l to 99% of the heretofore enpl oyed dosages.

The for mgwg c?v@mvbsgcls@mggmm}lm MG IAPURI(SEQRID NO:Aypt be sterile.
Thi s 4ss readi acconplished by filtration through sterile filters. 10

Antib Ody pr Od%&ﬂaﬂPDh&%Bieoln@dmﬁﬁtek %%%ﬁ?ength heavy chain sequence:

EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYP
GNGATSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSASYWYFDVWG

4 QGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPA
PELL

45 GGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT
KPREEQ
YNATYRVVSVLTVLHQDWLNGKEYKCAVSNKALPAPIEATISKAKGQPREPQVY
TLPPSR
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Monocl onal anti bodi es nmay be made using the hybridoma nmethod first
descri bed by Kohler et al., Nature, 256:495 (1975), or may be nade by
reconbi nawo 2DNAsSMePhods (U. S. Patent No. 4,816,567). 15PaTtuseooapbssisioma
met hod, a nouse or other appropriate host aninmal, such as a hanster, is

capabl 6 égﬁé %ﬁféh@ﬁ’%%&%@ﬁq\é%%%@%mfW%ﬁ%ﬁ%ﬁ%@ otein

used for i zation. Alternative hocyt es may be i mruni zed in
e O WO e S sy B R bR e i 284 10
nyel oma cell |ine using a 20suitable fusing agent, such as pol yethyl ene

gl ycols, to forVaranhilof ldoled aoaiﬁriséﬂhdiﬁng],engﬂhdmamdmﬁn squedoedi es: Princi pl es

“hus e B BRI ERIERCA R T o b o e Re BRI, °

medi um pr contai ns one or nore substances that inhibit the rowt h
or Survi @&QKBKQ IQNDISEENT X LERIRIS LRPHIBY ¥ &IGARVAS0S AR ¥ ¥ AV

f usi on pdOREMIY For 25 exanple, if the parental nyeloma cells |ack the
enzyn® hyJoXSFKGPREFHLARBRKE SPROSIOALGOEYIKD Y BPEP €T S S&VNHERRTSGVHIPRT) , t he
sel ecti veA¥LQt ure nedium for the hybridomas typically wll include

hypoxant FHSELY SDSSVPTEIPSES LeTd TN iV AR PONAK VBRIKWHRK SODKIT FBARHEC es
prevent tmlgrowth of HGPRT- de icient cells. Preferred fusion partner

nyel o IQEWLFP PRPRBTHRBSHTHIR REVYCIAN VPR WY%G@?WI@AQ | evel

produg nti body by t ected anti body-producing ce are

sensi nt al
e %ﬁ;@mm@ﬁﬁwwq@mm@%@wm@bﬁw
derived f mouse tunors available fromth

I nstitut eEF@éITKW‘é@WGWK@F@P%VE‘Q%W%ENN%TT@%BSB§/§FFQP{§K§P 2 and
derivati vVE¥DESg. | X63- Ag8-653 cells available from WO
2010/2@57JI@W@GN@!ES@@NMHE&HN@YK@&SMP%@EQ HUNO:E3). | ecti on,
Rockville, Mryland USA. Human nyel oma and nouse-human heteronyel oma cel |

lines al so ha beeac} i bed for glh%B@iOd cti on f. human nonocl onal
anti bodi es (Ko JO ?ﬂmprlsf% r‘(gtﬁib%e CAHY SBIUSBEUr et al .
Monocl 0n%V@DV'E‘S%G]EVQ@@GSLQ(LS@&RBGWSWWWVR@&P@KGLEWVG@YW
(Marcel S{bekkgisy I nc., New York, 1987)). Cul ture nmediumin which

R R el A T A
e RS P PP OO bt e

oassa\%/ (rRIA or 10 egﬂ\;rre | i nked i nmunosor bent ascéy(é)ELl SA) .
The bi ndiTRPlY $LRPY Y T¥PSBREGHONOCCONANHERSNI Sy DE&rY ERfoy ClRk i

det er®® ndtEldy t he Scatchard anal ysis described in Minson et al., Anal.

Bi ochem ,GGBIVERBPREKBROITLMISRTPENEV MyhrVidRBPERKIEBN WYAD GV e BeAKT

ant i bodi @6PRFEQhe desired specificity, affinity, and/or activity are

i denti fi edNATYR CVOVETVINBQDW INGK EYTRETK % NIA ATLRA I AT ISKIA OO QPREPEALY s 15
and grownrppsgt andard net hods (Godi ng, Mnocl onal Anti bodi es: Principles

and PisaCtEWTK;h(f:l?@ﬁiE@ VW%E@@@NG@?@NNYI@PT?WLﬁSB@S@FL‘?S@d' a for

thi's purpps ude, for example, D-MEM or RPM -1640 nedium In addition,

t he hybr| RN, 1 ’?Eﬁxyﬁ t in an ani nmal
e.g., IE ?Q(ﬁﬁ'ﬁ?p i"on @E e Cgﬁi&l&ﬂ%ﬁ?ﬁ} 8%?’9 Nuq’gn ¢l onal anti bodies
secret ed b t he subcl ones are suita ted f

y Varlsant H of Table I comprises Re ﬁlﬁ gthaheavy chain sequence:

40 EVQLVESGGGLVQPGGSLRLSCAASGYTFTSYNMHWVRQAPGKGLEWVGAIYP
GNGATSY
NQKFKGRFTISVDKSKNTLYLQMNSLRAEDTAVYYCARVVYYSYRYWYFDVWG
QGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP

45  AVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPA
PELL
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the culture medium ascites fluid, or serum by conventional antibody
purification procedures such as, for exanple, affinity chromatography
(e.g., uswogovmsr®pn A or protein G Sepharose) or ion-ePChASg®9/064613
chr omat ogr aphy, hydroxyl apatite chronmat ography, gel el ectrophoresis,

di al ysi s, sol at ed
and seque@u‘gégvﬁﬁ?ﬁ%ﬁgWmﬁ%@ﬁﬁg’?&@%ﬁ%m&f@%@w | eoti de
pr obes t HoR apabl e of bindin ecifically to genes encodi ng the heavy
AN B AU 15 7 G AR IR Gt et e
preferredlldfipRce of such DNA. Once isol ated, the DNA may be placed into
expr essi cEEMEFKNQ‘éSLT\ﬁLHK(ﬂﬁéPSMEW&E]SN@QPENNYFKT)TH’M@LDSEGS§F£MSIKIas E.
coli 30celVBKSsi m an COS cells, Chinese Hanster Ovary (CHO cells, or

nyel oma  qeWIGERGRIFSHS VINGH EQL N MY TOKNIGHSPE IR NSEQOHY N© p4)ei n, to obtain the
synt hesi s of nonoclonal antibodies in the reconbi nant host ceI | s. Review

articles on rdaérringmbodicpmés Siednmanizsd @Herantibedy oA Enesdrmigrthpie ant i body
| ud d
!5 S o s ST B MO 5 0 490

2010/1057 H9RGTHRE20004:0645b3dy havmg whild-t§pd Lng heyeanhast 60efotd, ameagdbonal
anti bodi es, or anti body fragne can be isolated from anti bod £ha ge

li brari edolfepdeat 88 fQfd; maretm@efa@bhﬁﬂwééo‘h@é%rpirfffé@blymt Meashf FoePtdy cxdn a)
Nat ur e, ?‘E%&EI@R@'JA&QP?SO Q@%kd%ggtle;q) #Blg . Nature, 352:624-628 (1991) and
al ., J. t. Bio

Mar ks et 1- 597 (1991) describe the isolation of
nurine 5and hufferN-ghtcobdatiessiterie sge ot dt V97 msthafjfﬁhhgxmml Homanesd 2H7

Subsequent |i cati ons describe the odu on of hi ffinity (nMrange)
unan. antPHBUEORP ST A TR HRERTG TR R e Gprposttof oftny P i

Bi o/ Technpt Qe infahPed 3B 7(ah8Bdids ha%ng’\@#& ré@forC ARBiNAAIRYUL 80-1009:864d On and

in vivo reconbination as a strategy for constructing very |arge phage
|'i br ari eré¢fpgabbr shous20-89%abf thentbodicindle cm@snlozllcozmwzamatumgge) ) Thus,

th t echni ble, 10 t to di t

bnt body AR Eel kR hFadads PRSI i ko AR e R DBE B
The DNA tdigh c@ﬁh@@ﬁﬁé;nst\ka@e Abinbhatyedryeil € Bﬂﬁbl‘i h @6kptOinp iAPteSEmER ifer i C Or
fusi on anti bod ptides, for exanple, by substituting human heavy
Chai 1 andindignio KndINALBHSY anbicHonE 1o CEsF S @@«gga@émé in gcpEnZ

Lo 5505 NI SRR 4 s ERAO i R 0 AT

i munogl QﬁulthWAﬁQﬁihﬂﬁnétﬂﬁﬁﬁﬁmﬁcmdabaﬁd Ke®Letrabéchef ettdz\eez@@mdngzwg@eg)ce for
a non-i nmunog| obuI in poI ype$t| de (heterol ogous pold/ﬁeptl de). The

non- i mrurdiglosiselly, antesidesapedused seghiaawddamser Quasy Gotlaf GHProneled thegrettant
dormai ns Jnﬂﬂorﬁghééaquu&t%{l hE)%}gycoﬂ{a a@%%&lt(% goad d & op. Eﬁlo}{%a{tgﬁl e domai ns of

one anti gen-conbi ni ng Si ‘an an creat a chineric bival ent
ant i body mafiposdatod YR2/0ant lgels, bowbvati mmod@eh&ﬂbmﬂemﬁt% tc9®% for an

ot e moaApgarcd s, SBkant codar 30. Chem i8S e i edtag
hon- hunar}eﬁal{édttﬁglaﬁﬁb(ttﬁy BEERIFETHYPaH 1.8 18 R WhichSE &:alUrg 2

humani zed anti body has os‘r?e or more amno acid residues introduced into it
25 from aacsvnmy csbowvmgntﬁqaatlylUmdamrhADCﬂmmentmanVMﬂﬂne@mdwtlamoﬂ resi dues

ft t t , h t ken f
- portbydrd B eSB! SRPeserbea ede et B (il o e "
f0| | oW Ng-GpteniPRINAT hamak¥-p4 %Gﬁﬂ%lﬁ@e%ﬁé‘e%cﬁh@ﬂi@@%&oﬁ&” 1%|Natuﬂé|qs‘1&allro§y
321:522-525 (1986); Reichmann et a ture, 332:323- 327 198@% US

Ver howy erpndine ghblicagien 83 dan. 20008: NbguR 16836 (anogdyos, 64(¢):2 121 3uRP
2003/0157108 (Presta); US 6,602,684 and US 2003/0175884 (Glycart Biotechnology); US

2004/0093621, US 2004/0110704, US 2004/0132140 (all of Kyowa Hakko Kogyo).
The formulation herein may also contain more than one active compound as
necessary for the particular indication being treated, preferably those with complementary

35  activities that do not adversely affect each other. For example, it may be desirable to
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30 hypervari abl e regi on sequences for the correspondi ng sequences of a
human anti body. Accordingly, such "humani zed" anti bodies are chineric
ant i bodi esOQuUIMBS7Mat ent No. 4, 816, 567) wherei n subst ant iPpalrius26088s46ihan an
i ntact human vari abl e domai n has been substituted by the correspondi ng
sequenceyf!u Em a nan- human . speci eF tEﬁpr actice, hunmani zed anti bodi es are
typi cal | yUHBTHHOYAE P 58RI 187 P RO CHICHSFas YQIHNE OF KynERpsuRgsessive
2010/ 057 1QARCGTLUSZOQRIAGAR LR 1 @e‘ﬂls A4eR 1201 RRSSH Bl ¥n éﬁfﬂ%d&:ﬁlaﬁ 6ﬁfd§l geRIr €
substituted by“resi dues from anal ogous sites in rodent anti bodies.

The choi ceg. ohe hndrbivdy L.ldvi lo. dberaffesivebotonnt ofglath athdr dgsatsylepemisivs thised i n

ki1, S ATRPLABS SR i S U R AR

i nt ended dn@lothty f@fork hﬁ&@d@@&&b@eumese%@gé@rﬂgj dsed 'hht‘he%ékn@@bia Qs ariesith fit”
met hod, the sequence of the variable domain of a rodent antibody is

screened adgunisgttianeuishas describaskhergin of apabWierhl d0% &f ihedicecteliormi n
sequences, Iggﬁdngggg V domai n sequence which is closest to that of the
rodent is i and the human framework region (FR) within it accepted
for the humnlﬁﬁfoﬁﬂﬂaﬁétﬁad%e uSsdfor 61 viad admihistratioumabt be stéile 2286 i 1993) ;
Chothia et al 196: 901 (1987)) Anot her nethod uses a
partlculde?béﬁﬁW%P%$¢@6Vé%“ﬁEWﬁb@thF@ﬁk%H&“%onsensus sequence of al

human ,ant ,lpmgiq rticular subgroup of light or heavy chains. The
sarrenlfora AWor (gﬁ)al%hggm&ged for several different humani zed anti bodi es
(Carter et allubﬂmmnuﬂhmnmuh%mad Sci. USA, 89:4285 (1992); Presta et al.

J. I mmunol . t is furt ortan at ant dles be
it zod w ¢ PR AR g B e e b YRR et Bt CGRHORNd. ot hor
favorabl %yﬁ(&h@&!t?x@' NRLPP K408 (1978), 3% RLEMR rhé’desoy%@dmblﬁaﬁqjﬁjwﬂetﬁ&sa
preferred met hod, humani zed anti bodi'es are prepared by a process of

anal ysi s Qﬁstﬂmﬁnpébeﬁﬁé65@@@uences and vari ous conceptual humani zed

Ceauonces. - ThABSRHEHE TG b o obP BELT O RBUeRe 4 BRSO g

avai | abl qlaaﬁ,cbr Ak enfnafized a§ ddseribdosRve kd élicﬂdyﬂn@h@d}@es&hit préRITPE & progr ans
are available which illustrate and di spl ay probabl e three-di nensi onal

conf or natqeps oSpriodeqing aafiborics dhas ol apecalitn o dind forbuprotiBIRdifar sequences.
| nspect i qﬁmﬂ[nh%alﬁguncqiﬂeﬁﬁ 19@@ I&ﬁltpﬁléé}@esqg%; %fn?m&ﬁlzécpz% \Jz $<(:"A¥[tetr ole of the

resi dues |on|ng 0 an & 1 mranog!'6bul i'n sequence, i.e.
t he anal yisinsundfatioeslyehiphscyttdsaire Bblandd andnben fubal whh hlrri};elcﬁfla tdielimaniligtat e
|nnunoglobulln to bind its antigen. In this way, FR FESIdUﬁS can be

sel ec¥ed SHiePle Srpenesnt puh %Srpglwwememcoaﬁa f‘?IFPp%)PYb@@&H’é%? d§0dWe hat t he
desired @glw%%az Dﬁéd’%ﬁéﬁﬁﬁl’: Ipfes a%iﬂ'qd}a h@gﬁ@%?@x fd&'nﬂﬂ Brksd %gégﬁle target

antigen(s), I's achieved. Enera ervarl abl e region residues are
directly and rﬁi&:thybubsmanelilﬁhhypnepamdi a@cheededlamﬂlgusmlmgsmtrabiegmhum ndi ng.

30The humanj.zed anti b an anti body fra uc Fab, . whi ch
oo o FroghfuEs R0t e Yreiy Sy Bp bl R T Rt fe Graun ™t o

gener at e @Ry BPERNINHBAY Harchtdl @ RAIhY &1, (alwﬁ'ef&%melaé %@k@g@d&@@y FoRy be
an full length anti body, such as an full | ength 1 gGl anti body. Human

ant i badi eﬁga@n& pfhh@pardmt@lpma@;,lometchléﬁbclogmp enmezbmsthm@%u@mm@szoogl 064613
s o 2 L EERAL NN BT ARGPRT o RN, ARLLRAMLS%) 6RO 08, 490FRE! 0. FOr
exanpl e, %V 5835 BP Shuce tTaﬁS% e E‘Pﬁﬁ?% % 8 m ce) that
ar e Capamy@nd@m@sﬂtypmgnwmtﬂcﬁme lgfao;wnqdu@ laR@néptérid, bhnd giRafidiak I(HA(If human
anti bodies in the absence of endogenous i nmmunogl obulin production. For

exanpl e, Mmediway wedhsubsspeqsaeyophilie graveth of HGPRT-deficient cells.
Preferred fusion partner myeloma cells are those that fuse efficiently, support

30  stable high-level production of antibody by the selected antibody-producing cells, and are
sensitive to a selective medium that selects against the unfused parental cells. Preferred
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 and derivatives ¢.g., X63-Ag8-653 cells available from

22



5 honozygous del etion of the antibody heavy-chain joining region (JH) gene
in chinmeric and germline nmutant mce results in conplete inhibition of
endogenowsoantwdasoy production. Transfer of the human geCEAUIS2008/064613

i mrunogl obulin gene array into such germline mutant mce will result in

Jakobovi t16° aftestan Mgt (pesiaalbaR T ks o Ures i Tan 3 etosicitovi «
et al., NatusequmbAICeranpldms cil B alsoHNG BEIRMIcBbed®br the Y8&ductibn bFmuno. ,

7:33 (1993); U.S. Patent’ Nos. 5,545,806, 5,569,825, 5,591,669 (all of
GenPhar mhunBn3dén@nal antidodes Orezbpgs2/mmunol., 135:860 h@d84 e kyd Bpdtegeerdilspl ay

br oduce Rk Al BB el an LRGP AL ST TR R P (BT %0 1

i munggl abskkien IvarNabheik Mpgdgnai n gene repertoires from uni mmni zed
donors. 15 According to this techni que, antibody V donmain genes are cl oned
in-frame into @ltremedivamingrhish hybridomacesds arsrgsowing iy ayrayesk foaprodpetiarefous

bacterio . as: . i f 10N . y

fr agnent arorciorar Bl e e W EBE ALk Ry hEhhRI e BHLRRGY
parti cl e memickinabaraibsiirg berdat¢dndegbriddmaceyisaltdrtedgage genone,

sel ections based on the functional properties of the antibody also result
in sel ect!MEHISPTCHERDON Geiearbifcdde Rgdigerssays Pyddy ralipingnynodgsay kL) or
propeft i |yl I .m of the properties of the B-cell.
Phagéodigéfg§pﬁgﬁmtgﬁger gﬁﬁﬁﬁﬂ% gﬁggggety of formats, reviewed in, e.g.,
Johnson, Kevi il biadidg &ffinstyeif the Mandotbndl antibody emt, f@pixampie, ba dSermintdir al

Bi ol . 564- 57 993) .. | . V- t d
A IR S I M T R
di verse array @fccaRblido® cOXARR! RORIRRMIRRBISST the &Mrad SRRl fcidy 2Bam),

conbi natorial library of V genes derived fromthe spleens of "I nmuni zed
mce. A raasgeradiviy a¢ idgngbenshd ¢lomsumiyntreusibelededioyrhimittiend hugion grodedures

constructedq and anti bodies t di.ver array of., antigens. (i ncluding

el T -t 190 Ei e AR RO BTyl RablR PaR R R Pl PR e
descri be@’rﬁwz‘&?f)}%@ﬂm N eadedhic Maks, 138@)?.- SHiZab] S&ltudOrheihFOdthis pirpdsei ffith et
al., EMBO J. 12:725-734 (1993). See, also, 30U.S. Patent Nos. 5,565,332 and
5, 573, 905nclude, for exgmgies PINHA oa BEWVE-1 0 masdliynt bedilieen, teghybridemgechener at ed
by in vit j.vat.ed. . SHoi 67, .9, 275) .
AntibodyI?%%%%%h%@lﬁqngagﬁﬁh%%%ﬁgl%hiﬁﬁ%ﬁﬁéfggtggL?HéFg&%}gﬂgagg%%§6%s of
usi ng antrhjsedy fragments, rather than whole antibodies. The smaller size of
the fragnents allows for ra@jd cl earance, and may | o i nproved access

: ead
to solid tumorkic mepgcimakantbefiss seraxcd by dhersabelons st %}b@glwparﬁ??é ¥ duct i on
of antib -adidt ¢ ived via
bt ot c0l YT R, O L SRR PRl Yot a1
Jour nal gfroBidockenihcal feardaBplepdffisity ahrovatdunaddyZd.21 0Fing prot¢in 90a) protmd
Brennan et al., Science, 229:8 1985)).. ver, these fra nts can now
e pr odude By Py oy GRS Mo oRUs: EEIPE bt CROmalog BERShnt | body
fragnent sj&apldlalit, haygxriessed in and secreted fromE. coli, thus
al l ow ng the Pacile production of |arge anounts of these fragnents.
Ant i Bady fr agrieNfisneeding gheirsanagtand! antondichés aadilybselyted had scquegedrniseng
di scussed abo¥e.]Alteﬁnatkvel§ Fab' :.SH f[ag nt% c&ptbe di%?cH%%.{ecovered
fromE coM ARBHRTRANED (G BY Brag ot BOTSISH E‘%B@ F2FrEG NS CCAPTRE et
al ., Bi o/spesiiog]yagseddy chosdid® the(hk892And 1id epiifi #mbtn@anibdeies APRoach,
F(ab')2 fragnments 15can be isolated directly fromreconbi nant host cel
cul ture. IWhpdemd celfsaisrveastarmigieead seurehos syeh i?&!ﬁden?p pphrtednte 2N A meay

conpri si | > indi it i Cl.i AN
0s Pat SR i 3R R Aors, ML e CRE L RE AN TR ARy SERL 20, Doy
f r agnent scelis,|simiae GpfpeadiBNChinosct Hanski OVa¢ (OHAY celld, oneryelohta atlbdrat do not
enbodi nents, the antibody of choice is a single chain Fv fra t (scFv).
See WO o3Hht5weS produse apdlfagprlgin. toRptagn aly sys ?1882810@9@911@&93@3%}1

5, 587, 458y. R o@BhafifosPEGIst REVRD 1iSREGH R oMibiAnt %&ieﬁ%ﬁ@é&éﬁbﬂoﬁbﬁﬁs t hat
are devoid of constant regions; thus, they are suitable for reduced
nonspeci fancodngthicrigtitiodsi ingluide Skervaoerud.e CusFPpinisi ominprigtodi HidSerAP2 HED93)
constructed Jo.vield fusiopn of . ef f r.protein at either the am no or
t he carbé?éfﬁ%#ﬁ$ﬁbg"@?mﬁ' @?v?ﬁgégfﬁggkﬁgag Engi neering, ed. Borrebaeck
supra. The anti body fragnent may al so be a 25"linear antibody", e.g., as
described in U S. Patent 5,641,870 foréfxanple. Such linear anti body

fragnents nay be nonospecific or bispeCific. her am no acid sequence
nmodi fi cations



Am no aci d sequence nodification(s) of the CD20 bi ndi ng anti bodi es
descri bed herein are contenplated. For exanple, it may be desirable to

i nprove tweoe 2biomdirreg af finity 30and/ or other biological pcoaseevesicos the
anti body. Am no acid sequence variants of the anti-CD20 anti body are

prepared by introduci ng appropriate nucl egtide changes_.nto the anti-CD20
Bt body nucl ae fa_ﬁhﬁﬁ%&)«oa%@e PR ?ﬁtﬁeewép? iR gmeetatc%ﬁ% i ncl ude,
for exanﬁhﬁme%bE{Mﬁﬂ@d§b&ﬂklﬁﬁﬂkﬁ%emﬁﬁﬁﬂhMﬁQ%Fhﬁﬁﬁn@ﬂgh&kﬁ%&?ﬁf'tUt'Ons

of, residues within the amno acid sequences of the anti-CD20 anti body. Any
conbi nat iMeCa¥ertied/ef.i Naiuré, 348r562-044 (1980).20kokgm7t 00 PCTS30D92 062613 and

Final  cordfuete S8 educ Har a2k, pdisthaf heFRAT wisttbe R firns miling' "°
changes ahdquify aslibRfiesPRSpedtivalyshadd Ptk [BFRRES SESseqlient PEblatatibnCD20

anti body, such as changi ng the nunber or position of gI¥FosyJation sites.
5A usef uldepstigdbe podustipartibigheaffingy (WYl renged hpman axfibedes bychpiagheiiingf t he
anti - CD2 i hody ref-egr [ f or NESicS., i || ed
"2l ani no WKL Y kPR BB TRY ( REA SE R AU ARFAE b 6,

Sci ence, #440Y0&MbiNBn(at A8Rhtegiireondrucasf e |arge phagelitabridsaMgrtrhoesi dues
are identified (e.qg,, chargfd resi dues such as arg, asp, his, lys, and gl u)
and repl &bt Byc- desufesal’ oh20aegap (FE1BY- ciwp dhescdpihniiuse Mg Vit srost

pr ef er,abl i : v, [ : Lind: e e an no
D s o 1R 08 A RAN AR kol b L AT R in g

f unct i onahomehsiat antibbylic.o t he substitutions then are refined by introducing

further or other riants at, or for, the sites.of substitution. Thus,
w1 oSt e Pt ot RN R e ant iy, s f G LG eF ERPTea ore
predet er rj; 64l ant‘itfb%y%lﬁ"eﬁti&fs fob @xifhﬂlé,tﬂy%bﬂﬁ?ti@hlﬂﬁﬁﬁhé&% ch&n Bﬁ&ﬁgﬁter m ned.

For exanple, 15 to analyze the perfornmance of a mutation at a given site,
al a scanrdhaig constertrddoraim{({trageiesissquescesdntthethethodagouhauriae gequeneadd. or

e 1o ARy PRIESBR N ar Alqenco A B RB TR EREEEISRehy

and/ or cadgu@mg thceirfthitdlgldbufih @8&ng SA@CAE With higBgpdit Hf BB MR k&Rl O
pol ypepti des pontalnlnﬂra hundred or nore residues, 20as well as

i nt r asequeenmgziqbuhg petypsptitl (Beterologaus pplyacniidchol behan-magpengdebulin

Exanpl es term [ ti I |- I y W n

et opm ndt YRS S horcBE it WBRul1G HloRy B Wl of R TG oot e

pol ypept isdbstit@t ésr the)s@idbioduahainas f @itantigén-tdigbiailgisitc 6D20 atitioldp aslyrentel ecul e
i nclude the fusion to tﬁg N- or C-term nus of the anti-CD20 antiboq% to an
enzym® (& Gimerg bixplepntigpdy compyyRbHPTHRIIERR-EPMPRM SR deving sPe@ticity 14! f -

251 i fe of,.t ' e - : : ] iS4 ' cid
subst 1 ¢ at e A ther antigcn BRRANRE b R sk GHORD fo AR IReRE e
in the anti - CO20namitddoadpodies ecul e repl aced by a different residue. The

sites of greatest interest for substituti.onal nmutagenesis, include the
oypervari ab o Megptnior hanieRePnaran Ghubahes Ve Bobieni it art
Conser vatp¥Rrabdp Wishiahthell %%@F/]fm BRVGY thBretdiEind 2l @ P&l MitHadesd hheit headi ng

of "preferred substitutions”. such substitutions result in a change in
bi ol dgi cdioraetspwice whichhe nombreas.ussaneni-htmahamgesicidigsdnesaae eter exenpl ary

substitutipns®y.in t.he Tabl or ,as further scrd bed bhel ow,.i n.r.eference to
S ro. oo (A ied ARk RueL i b Wiy ARG atf e CRRI o Ruiit

domain. Humanization can be essentially performed following the method of Winter and
co-workers (Jones ef al., Nature, 321:522-525 (1986); Reichmann et al., Nature, 332:323-
327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting

30 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
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WO 2010/ 057109PCT/ US2009/ 064613 TABLE 2 - Am no Acid Substitutions Oiginal
Resi due Exenpl ary Substitutions Preferred Substitutions Ala (A val; |eu;
ile Val AvQ20Ryosryws; gl n; asn Lys Asn (N) gln; his; asppPCryus2006G n Asp
(D) glu; asn Gu Cys (C) ser; ala Ser An (Q asn; glu Asn Au (E)

residues and possibly some FR residues are substituted by residues from analogous sites in
rodent antibodies.
The choice of human variable domains, both light and heavy, to be used in making

the humanized antibodies is very important to reduce antigenicity and HAMA response

5  (human anti-mouse antibody) when the antibody is intended for human therapeutic use.
According to the so-called "best-fit" method, the sequence of the variable domain of a
rodent antibody is screened against the entire library of known human variable domain
sequences. The human V domain sequence which is closest to that of the rodent is
identified and the human framework region (FR) within it accepted for the humanized

10 antibody (Sims et al., J. Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901
(1987)). Another method uses a particular framework region derived from the consensus
sequence of all human antibodies of a particular subgroup of light or heavy chains. The
same framework may be used for several different humanized antibodies (Carter ef al.,
Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immunol., 151:2623 (1993)).

15 It is further important that antibodies be humanized with retention of high binding
affinity for the antigen and other favorable biological properties. To achieve this goal,
according to a preferred method, humanized antibodies are prepared by a process of
analysis of the parental sequences and various conceptual humanized products using three-
dimensional models of the parental and humanized sequences. Three-dimensional

20  immunoglobulin models are commonly available and are familiar to those skilled in the
art. Computer programs are available which illustrate and display probable three-
dimensional conformational structures of selected candidate immunoglobulin sequences.
Inspection of these displays permits analysis of the likely role of the residues in the
functioning of the candidate immunoglobulin sequence, i.e., the analysis of residues that

25  influence the ability of the candidate immunoglobulin to bind its antigen. In this way, 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.

30 The humanized antibody may be an antibody fragment, such as a Fab, which is
optionally conjugated with one or more cytotoxic agent(s) in order to generate an
immunoconjugate. Alternatively, the humanized antibody may be an full length antibody,
such as an full length IgG1 antibody.

Human antibodies and phage display methodology

25



asp,
val ;

gln
nmet ;

Asp Ay (G ala Ala His (H asn; gln; lys; arg Arg Ile (1) leu;

al a; phe; norleucine Leu Leu (L) norleucine; ile; val; net;

al a;

phe Il e Lwe20tgosarng; gln; asn Arg Met (M | eu; phe; il ePCEWSRIO/0646)3 ] eu;

val ;

ile;

10

15

20

25

30

ala; tyr Tyr Pro (P)

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 inhibition of endogenous antibody production.
Transfer of the human germ-line immunoglobulin gene array into such germ-line mutant
mice will result in the production of human antibodies upon antigen challenge. See, e.g.,
Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et al., Nature,
362:255-258 (1993); Bruggemann et al., Year in Immuno., 7:33 (1993); U.S. Patent Nos.
5,545,806, 5,569,825, 5,591,669 (all of GenPharm); 5,545,807; and WO 97/17852.

Alternatively, phage display technology (McCafferty ef al., Nature 348:552-553
[1990]) can be used to produce human antibodies and antibody fragments in vitro, from
immunoglobulin variable (V) domain gene repertoires from unimmunized donors.
According to this technique, antibody V domain genes are cloned in-frame into either a
major or minor coat protein gene of a filamentous bacteriophage, such as M13 or fd, and
displayed as functional antibody fragments on the surface of the phage particle. Because
the filamentous particle contains a single-stranded DNA copy of the phage genome,
selections based on the functional properties of the antibody also result in selection of the
gene encoding the antibody exhibiting those properties. Thus, the phage mimics some of
the properties of the B-cell. Phage display can be performed in a variety of formats,
reviewed in, e.g., Johnson, Kevin S. and Chiswell, David J., Current Opinion in Structural
Biology 3:564-571 (1993). Several sources of V-gene segments can be used for phage
display. 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,
U.S. Patent Nos. 5,565,332 and 5,573,905.

As discussed above, human antibodies may also be generated by in vitro activated

B cells (see U.S. Patents 5,567,610 and 5,229,275).
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ala Ala Ser (S) thr Thr Thr (T) ser Ser Trp (W tyr; phe Tyr Tyr (Y) trp;
phe; thr; ser Phe Val (V) ile; leu; met; phe; ala; norleucine Leu

Subst ant isD 20disfiogat i ons i n the bi ol ogi cal properties eCTiuseotobichddy are
acconpl i shed by selecting substitutions that differ significantly in their
effect on 5 nmi nt ai ni.n a) the structure of the pol ypeptide backbone in
the area of tHEDGRRlT ’ﬁ% %n for exanple, as a sheet or helical

conf or mat i on, Iﬁta):malh%lremgtgﬁcegrthe%/%(aebm%es BYuﬁ LB oD FRGHIcRLs tattiche

target site, or (c) t of the sid ai n. tural y occurring

resi dues thatrewuq)lvlad@bbdlm a hgrsauﬂsr haseldho fragmente allevsitor cdpad nleprrogertd es: (1)
hydr ophohi c: 1R £0 %lt @t val, leu, ile; 10(2) neutral

hydr ophi 1T eﬁ@ mﬁpé?ve ?’ﬁPeSS%%ﬁo PHOE: asp, glu: (4) basic: asn, gln, his,
lys, arg; 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. Fab, Fv and ScFv antibody fragments can

10 all be expressed in and secreted from E. coli, thus allowing the facile production of large
amounts of these fragments. 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 ef al.,
Bio/Technology 10:163-167 (1992)). According to another approach, F(ab'), fragments

15  can be isolated directly from recombinant host cell culture. Fab and F(ab'), fragment with
increased in vivo half-life comprising a salvage receptor binding epitope residues are
described in U.S. Patent No. 5,869,046. Other techniques for the production of antibody
fragments will be apparent to the skilled practitioner. In other embodiments, the antibody
of choice is a single chain Fv fragment (scFv). See WO 93/16185; U.S. Patent No.

20 5,571,894; and U.S. Patent No. 5,587,458. Fv and sFv are the only species with intact
combining sites that are devoid of constant regions; thus, they are suitable for reduced
nonspecific binding during in vivo use. sFv fusion proteins may be constructed to yield
fusion of an effector protein at either the amino or the carboxy terminus of an sFv. See
Antibody Engineering, ed. Borrebaeck, supra. The antibody fragment may also be a

25  “linear antibody”, e.g., as described in U.S. Patent 5,641,870 for example. Such linear
antibody fragments may be monospecific or bispecific.

Other amino acid sequence modifications
Amino acid sequence modification(s) of the CD20 binding antibodies described
herein are contemplated. For example, it may be desirable to improve the binding affinity

30  and/or other biological properties of the antibody. Amino acid sequence variants of the
anti-CD20 antibody are prepared by introducing appropriate nucleotide changes into the
anti-CD20 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 anti-CD20 antibody. Any combination of deletion, insertion,
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WO 2010/ 057109PCT/ US2009/ 064613 (5) residues that influence chain
orientation: gly, pro; and (6) aromatic: tip, tyr, phe.

Non- consewoapivmas7®abstitutions will entail exchangi ng aPogrtdsesosobscone of
t hese classes for another class. 5Any cysteine residue not involved in

mai nt ai ni ng the. proper conformatjon _of the anti-CD20 anti body al so may be
Subst i t ut@d UG o tergia ot S g mﬁmaepr?%gﬂg%ab@e?\%f/%qnémﬁ ty of
the mol eqyyss@RIPIKUENELARIELRDS. THOSHIND MKIdNGanSRAKSEE) Micr pYsit €i ne
bond(s) may be added to the antibody to inprove its stability (particularly

wher e t hdraanlaiiged pracsssanotiht iabodyDI0 angivedy, ssclcés dignging Fre fungligment ) . 10A
parti cul arli¥. rgf 6,rrei toépet of substitutional variant involves substituting
one or noré 1195[9 BVSPYAHI Sr‘gsgi on residues of a parent antibody (e.g. a
humaniszed or halggdtulanéth8® @y )ideniogtict dfterthifgedi@sddlol kdponsaitindntisgDsel ect ed
for further devel opnent will have inproved biol ogical properties relative
to the pandhedyatidt psdycierrednasaiiens f@h@ytagﬁ@sgﬁeﬁéﬂ%@é'alanmeéwm ent way for
gener at i Supstifutl pant s i ves.. af finit ab{ on

a1 g phaduBgidF B et et kAR Gl R AL RS IR R 7 ¢
sites) ariers)d @tidde biogrgemer atet adsiduposisiibdreifiedi(9)9., shirgdd desidi@nsicabs each
site. The anti bod%ari ants thus generated are displayed in a nonpval ent

fashi on fa&mshiNianeneedigluppagyeripsed by p 8sutiad of negagvelycBagpd agaweacid | product
ash rent . : . _ :
of M3 p%ﬁ{é@g@@fembﬁgma?ﬁ%b @%ﬂahﬁyﬁtoyaﬁ(%gt_ th%g&q&é&J &%ggaaaﬁfo' MsSvigl € then

screened r their brologic acti rnding arfinity) as 20herein
di scl osed’D2hamsiggter Thosd abeind nfig leandnddingonsirpérg/anctalabsanegivap tsthees f or

nodi ficatipn, al anine scanni .nut agenesi s can _be perforned.to identify
nyper var b uies b e St 2 RGeS gt v B 4 Tohid SR of

bi ndi ng. oBbHREMM I MRIsYwhi®d thaddé FdraR@ddutinglah WMo REdRERRhECT #atibRianal yze a
crystal structure of the antigen-antibody conplex to i1dentify contact

poi nt's betredegermiteg, thetiabwe pf tha doiairapeCBR2 0ccdSnt he pmdcwonineds Fauesmphd

25nei ghbq[ri n% ret?li dugs are cfandi ggt es. for sugstltuti on according to the

t echniqued *BF4HoT S PEOHEPST Al BT FEA SISP PRl SFRTBRAEFRIYE, "t he panel
of vari anhgtapdhesiviN @uliled 8 tHE (RENICOGPS 19868 ahd e SpFeidd aafdCPrg | bodi es

Wi th superior properties in one or nore relevant assays may be sel ected for
further dalibedprasients agereraed forgbe desitgdpaiévitiei d vari ant of the anti body

alters the or ifglinﬂl%l acgi %ﬁﬁé{%le %geﬁhggggcgl?&eta%iﬂop ntdw}%alg)g%%lg@ﬂ%in?l?ﬁsi%h% ering

is meant deleting one or nore ca ate noi et es e anti body,
and/ or addngigg dnlengh fropd engileyidasid pdlimuptided @mtdifiag adurdiedor ploesesidués) t he
anti body. d ){cos,yl ation of antibodies is typically ejther N Linked or

0- | i mMed. 2SNl ASRBIERSFRHEFS INSEIPRROTYIREIE AREHTTING A Hie ackhisyAYH EXempst ety to

the side t&%ha iRler@dhsanARIAH NEi-CHY %&%&Hdgﬁxgi&g i T iARRA0RLARAG LA ST due.

The tripeptide sequences asparagi ne- X- ser aspar agl ne- X-t hr eoni ne,
where X i timmantdoilyn tusad icda epta@pic iylepnds. @ther inkatiped ognarts ofithseguences f or

oy B 0L B N R S PRER8 51
pol ypept i ebsdeRtaTndyROt £NHAADEPIG 88 Y hélybORtidRiwifeh increases the serum half-
25  life of the antibody.
Another type of variant is an amino acid substitution variant. These variants have
at least one amino acid residue in the anti-CD20 antibody molecule replaced by a different
residue. The sites of greatest interest for substitutional mutagenesis include the
hypervariable regions, but FR alterations are also contemplated. Conservative
30  substitutions are shown in the Table below under the heading of "preferred substitutions”.
If such substitutions result in a change in biological activity, then more substantial
changes, denominated "exemplary substitutions" in the Table, or as further described

below in reference to amino acid classes, may be introduced and the products screened.
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(1) hydrophobic: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, glu;

(4) basic: asn, gln,

his, lys, arg;
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15Sternberg cells in Hodgkin's | ynphomas and the absence of said cells in
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the antibody.
Glycosylation of antibodies is typically either N-linked or O-linked. N-linked

refers to the attachment of the carbohydrate moiety to the side chain of an asparagine
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GlaxoSmithKline); HIMAX-CD20™ (GenMab); IMMU-106 (which is a humanized anti-
CD20 ak.a. hA20 or 90Y-hLL2, Immunomedics); AME-133 (Applied Molecular

30 Evolution/Eli Lilly); gentuzumab ozogamicin (Mylotarg™, a humanized anti-CD33
antibody, Wyeth/PDL); alemtuzumab (Campath™, an anti-CD52 antibody, Schering
Plough/Genzyme); epratuzumab (IMMU-103™, a humanized anti-CD22 antibody,

Immunomedics), or have relapsed after treatment with these drugs.
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30 and allergic and atopic rhinitis, encephalitis such as Rasmussen's encephalitis and limbic

and/or brainstem encephalitis, uveitis, such as anterior uveitis, acute anterior uveitis,
granulomatous uveitis, nongranulomatous uveitis, phacoantigenic uveitis, posterior uveitis,
or autoimmune uveitis, glomerulonephritis (GN) with and without nephrotic syndrome

such as chronic or acute glomerulonephritis such as primary GN, immune-mediated GN,
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cancer, or partial response, wherein the size of the tunor is decreased,

prefer ablgjarugborﬁ@;tp@s,t%&e@os BENEIOMAtosip LErapylerEpEb s @Yitiieaancuding | ent i s

ari tor on STRER (EFALE e yrE ARLIRL G ENREYS ARARRy BLIR En gl R Banl 0 O
bl ood B celll(T3agep otareritignthetinen Bessvascutiab inclutling Xo0a0dkiBatighiawnd | n

preferred(fnbodlneq}s, treatnent with the antibodi es. of the invention is

ef f e v teatynedasy peEteE s #efoghimisipsome PHy R Bigr €SI VaMcWitise in t he
cancer 4 fieRkibhablse OE{)%?th&Eensﬁrvﬁgl%ﬁ&mlﬁs Syl iordtRlif ALAfESARLY one
year, even nore prefer or nore years post treatnen ese

2010/ 057]@@961’%6)82616@#%46&&3 spar ardtueg-Strhars vassdisis bngymlunnee@SS)b t r eat nent
and i nprovemen t he disease. are reaq%L%vneasurabl routine procedures

famliar t?IBP%raLﬂ%}“él dlasge angpfaopptpigpray SUF ANGE P?I%bs positivegnemia,

" t her apeubiaphl BIRkFS kM, ABRBRkIC ah&hRI6t it A8 hamBHAL aﬁémﬁnn@lﬁaﬂngody or a
drug effective to "treat” a di séase or disorder in a su bj ect he case
of caicerautaimauge hhmphic wntwal (IAylHésf);‘mlpm@s ammm(a@mla hemiiesg), eddisoaduce
t he nunbey. of cancer IIs red nhi bi slow to
some. ext it BOEY efiErgria bE R Eda AL R of M b dRShhr R AR pher al
organs; iJukdiRintune |ne@tr0pe§ia0péﬂ09to§)@ﬁﬁﬁ 1eaﬁc@ahlaamdea@é@h%lah@4e@$&pﬂe t unor
nmetastasis; inhibit, to sone extent, tunor growth; and/or relieve to sone
ext ent ordeansﬁie%@%m%m%wwra%@&p@%wxw pHEreman such as digse
precedin é } di sease,
Che ther gspgcﬁ{dh@la | yﬂlc%&é%%ra&fenﬁg)%lglﬁtonhéé%, i cfidRfbOdy A OhITRHEe

30  diseases, anti-glomerular basement membrane disease, anti-phospholipid antibody

syndrome, allergic neuritis, Bechet's or Behcet's disease, Castleman’s syndrome,
Goodpasture’s syndrome, Reynaud's syndrome, Sjogren's syndrome, Stevens-Johnson
syndrome, pemphigoid such as pemphigoid bullous and skin pemphigoid, pemphigus

(including pemphigus vulgaris, pemphigus foliaceus, pemphigus mucus-membrane
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the anti body or other drug is effective to reduce the signs and synptons of
t he di sease. The paraneters for assessing efficacy or success of

t r eat mentwof2otds7weopl asmwi | | be known to the physici arCofusgéoviob46ih t he
appropriate di sease. CGenerally, the physician of skill wll ook for

reduction in the signs and s tons of the specific disease..Paraneters
15can incnea@éu%aiaaﬁp?@ﬁ@_gtl%g%ﬁ%awi}r BHP mﬁpohﬁﬂﬂemwpﬁ@%ﬁié?%,s stabl e
di sease. discasc orkjRdiofle! A0S é&ﬁlﬁéﬁﬁgﬁ?ﬁg?ﬁﬁi‘bb@;&n{eﬁmq{@ﬁﬁﬁﬂd CLL, their

|

di agnoses, treatient and standard nedical procedures for nmeasuring
t r eat mentneefdniysditly opiGan pdllyosnrgthies, shemjc MarorBkiyasuch ks [ olypephpathss

W B. Saund Co ._Phi | adel phi,a, 1998: i K and.Cabanillas, F:
G Pni ool MR ER A pew b SR Siurorria (ak S5Rr Pep BT g g™
Lymphana, paGbap, fgﬁ@qanme);ﬁl%ﬁmhfgaﬁmnmﬁcmmb gijeni@?&b_ l'graF(rrirm,ig@ktes and

|

Practice, 3rd ed. Hoffman et al. (editors). urch Li vi ngst one,
Phi | adel prinsfusipo@orpushd TR heprrigmeiuogd Bromppatensaiae and sseiseyurecor eukeni a,

ed. ot f ARt frohBas RNy 1R, OB Bl BB BB P35 ©

25The pariactediap shiodic @sesIirRguuedihind@cyienssefibeastioind dvas mehildingf an

aut oi mune qr autoi nmune rel ated disease will be known to the physician of
ski | | i n AURMAREE GG BdA0RRARES. PEBWET BYNOhyrRiREM RYRIRSFAMY OISR | | wi | |
00k 0GR AntriBRiRh0 AR SUTRIATE st hAGHARRLE U dliiRase. The
followi ng are by way of exanples. I'n one enbodi ment,

phar maceufasbahoto's Mpsxssd, ichrmictbymoidits Gdpshineothisriayroiiidks) 2 AuBBant thpmddies, ar e
used to treat rheuymatoid arthritis. A is.a dehilitating aptoi mmune
i sease. (HTEMEAREO SRSt HORURE AP ARy AR AaFI I E e dar |y
activiti %%n%m%k‘fsﬁ&lra%ra%to_hﬁﬁm%?nyﬁla%@l@r §hardeNoSpaYBlahdiBne system

i nappropriately attacks joint tissue and causes chronic inflammtion that
dest r oys dndedrinepathy sgndromnag), perarapelasiic syndrarhes, nsludting ne8yatpgions i ncl ude

i nfl tion of1 tV\D 2010/ 057 09PCT/bU§§1%29/ 064%3 .the joints tSWiJ I ibn]?,

sti ffnesPAARAPIAHIGHYIAGHIE SUALP MR Ao RRYA IS PO OGP ARRLAMOF ¢ ap
have ef f eghgrohie, @ifhefantor S6ERsHHGhn@Emhéckptitfismy@ R Sudnsh HRAGC Mar r ow.
There is no known cure. Treatments include a variety of steroldal and

non- st er gingethatomyelifip pr enerphadopyditisgdlergisrnd sspgpredaliallerggent s,

di sease- LhVi I hGo-dr P I . However,
many pat | SApLAAL (oA T B A, S B B dnor Ry e T Bl e

The anti hgavigscrballdielcparthts, fidurshydtonia, dfzeclapys éroppadlbmisteyosdnnsear |y RA
(i.e., methotrexate (MIX) naive) and as nonotherapy, or in_ copbination with
or foi% owYAGOME. (EMSvad nsesy deHioRg ﬁﬁﬁﬁ’i“é‘ép.a% EotorORAhY RFCBE tan be used
in treat =l g - f i : %@B [or MIX
refract oﬁ??&raoﬁ%’ 3@81%%9%%0 {étlr%g%?/&élrc Iﬁhacoﬁ%ﬁggf?ég{%&\}m%?%?n e.g., aﬁ/ﬁ'é)j’(. The
hurmani zedhGpRQadivediepgitamt abodhesnacleonis et uive hapaprievgnphadditesmialol | oi nt

damage, del ay str ral da e, .decrease pai ssqcliated. wi.th i nfl ammation
AT arirennar s T EanEUrAs TaRG RS Dhe NP St Betrd cavore
RA. The Ron®dhiceBEreeRR dRBaskRAL ﬁ‘éi)hwamy?,E@io?ﬁﬂgfdmgA%p%Qt@priﬁéa@qJQ/A prior

to, after or together with treatment wi'th of he rugs used'in treating 15
RA (s¥e cisnbitnsisi oimarkidiligpy cisdiosiw) pneimone@irberys diieemmungenterpaiywho had

previ ousl aile i sease- nodi.f yi-ng antj.r heu i ¢ _drugs or. had an
hadequacs o h s E R ROt SRR SR BT Gt TR PR MRy 2o oo
bi ndi ng aphichpvpadfic bfiee, oty dRemld) a0 rOPRRIABRNCIGbsit PABS{ L&At ment, the
patients are in _a 17-day treatnent regi nen receiving humani zed CD20 bi ndi ng
ant i body Gtheies disegsq). Goronasy gderyéscase, dggunmurgrar dpase3pctoppoteiineg

anti body - - am il i 0f 1S) ; or CD20
Bi ndli ng. ARy SaE PR LR R i HBrhe Yoss, SHALAR Achors SHGAL. 21,y
necr asi s (DAES o polatiphari¢id blrch)asdeifi-adogryBArcldpNEd polybhdaidirok sput@vearhabrolased f or
therapy of that, disease. However, TNFa inhipitors such as Etanercept
(ENBRELCMFOWﬁpﬁﬁ%FWQWdPﬁEMF noAnrAerars CYPRIMERETRYTY can 25pr oduce

negative (S} : i I, OR, ikdreangd.; i i on.
Ther ef or é%?ﬁoﬁ%%gkn%é%ﬂqrﬁrgﬁﬁ% r%lﬁi&ﬁéﬁfﬁgﬁ icgggﬁf&%lzofg?‘{&kﬁé‘?%éggﬁg? gigglibggﬁ%r
bi ol ogi cadaimmdnatigt indnadndctong hgmimopdikey ebindateemusdfsignjfidance, M@0P).e as

RIS RO N ER U R
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drugs or to treat patients considered to be prone to experience a toxicity,
e.g. cardiac 30 toxicity. The humani zed CD20 bi ndi ng anti bodi es or

bi ol ogi cavbyofunsctoponal fragnments thereof are al so usef BCTius2@9metchdd of
treating a subject suffering fromRA who has been treated with a

TNFa-i nhi bjtaor but is.nonresponsive, has an.ingdequate response to the
TNFa- i nhi'Bief8pe @ﬁfhvihrrﬁa,galﬁcglﬁf diordgs. fingdt béun_ag%s RSFOBICEHE S 2P er sone
tinme of resPRNSRthi& ofdst ENT, Qﬁfkn{,%ﬂpﬁnﬁ%gmg%pa‘%h Mdak §londnPal r €SpPOnd to
therapy with a TNFa-inhibitor. I'n W) 2010/ 057109PCT/ USZ009/ 064613 one

enbodi nerglomprmlopplerdsik (EBES).reade@thewiphthabnéaihyd overetutis, aboationtid.00ny,

prior to treatnment with a TNFa.inhjbitor. One.nethod of eval i ng,

Pr eat mentUrpring pobi Rata Dbt Rhdmiilior e P du s hRe Rbrifsy (acr)
critersi a,syiioste, éﬂiéﬁdlﬁi@,s%]eisﬁﬁ RROPERPre@fil O erh A ON@ARINnatiny SiséLe0RICh and

swol I en joints, anong other things. The RA patient can be scored at for

exanpl e, anERNPEING Agmyalinading disepics vedreiioyicd gleryflenpyohigating i body

t r eat ment g sel i r nt r i, t cebo.
G hor ways Byt dib @R REhpRnk BRI o Rsals, EBp I bl CRESTGE X.  ay
scoring syaliroas (tdleinSkiarRuyXaldypleaomenass esbphagsait dyen@tlituctidtalactyhiyage such
as bone erosion and joint space narrow ng. Patients can also 10 be
eval uat edcipgic¢tpra)p peleetidifemalsrutimmyuse seritite. npixcramsstvetipsiradistison
Heal t Lonnai : r 5 LIme

135 ASSRERBNEa UGS hMARD R LE re[c'dﬁ%tea%%ﬂfo% Fn MR ﬁﬁ?’a&ﬁgéﬁf‘ ﬁ%lﬁ@gﬁl%%

periods during or after treatnént. CR 20 criter

i mpr ovengmnst-catdibainhy $yaddene, (pahing'ssyndrainptbicbianticeanbingwdlet@a j oi nt count
plus a 20%i 7 rovenent. . N at | east 3 .of 5..adgl$i gnal neasures. .151h

pati ent * SSHHAMAOURUEEN bopiRnyRRApeYLS AP B ss ARty VRS, alvsalitisgych as g1 opal

assessmenf|jcffic iveQasena¢Hbrdkity/alldBL,; infrstRAY Bing dARaR, FhRBRlorARs&RMENt  Of
di sease activity (VAS), 4. patient's self-assessed disability neasured by
t he Heal tlbprass exdaremicihousiasonkgianesonziags, 30l stosarniasis phyeasiseaspeigiiasis, CRP or

. Th fined I . f bl h i i
0 S IR € R RSBl Db o 1

ef f ecti valiffgscaahtgivial plimbeaSiibaoss Mtersefial Aty Abkosipl Ril@baRY Yibadsid, east ACR
30, nore preferably at | east ACR50, even nore 25 preferabei/eat | east ACR70,
most  pr efidioaphic plmpesy fibaeR, BtisHtrofiykedophthalmitis perghcapickevarmet ti s has
uni que a [,St1 1 Qg i . T - Ol iatl thulgd s, joint
er osi on mq}%%’ﬁgﬁ Ié%%gag{oglgrf%gi\?\%’%aglgﬁhwﬁcgﬁgl\}g ’Egﬁ%garnbséw(ﬁrgﬁ%hgérlbﬁgscor e as
wel |, Theyhdioairi AexdhsGD2¢c s Boing chidribdogllies, laferbdteonio¢ediitispitidoayrline used to
prevent the joint damage as well as reduce disease signs and synptons of

t he di'sor@@He ongnrong, Oaﬁb%yca%é&rloeh-sﬁh@?%wwaoHum@na met hod of

treating n%geﬁé{% %@K&i\t’j R o RUThEV iR s Gh e B, 9arﬁio%’;&m5%§, suffering
fromthe disorder, a’pharnmaceuti cal conposition conprising a
t her apeutAlzbé¢ingr'efliserst.i paeveamos ntfeaionarubalimmireseid feCHR) postadicnigatert i body of

the invention. SLEDAI .score roovi de_a nungerical .quantitation_of ,di sease
acti vi t y.HBmer EoRen ! aingla [iectian; Febesin e s s ko TRRPY BBOYSat or y
par anet ersgnJﬁeﬁi@paﬁt&nﬁﬁﬁﬁeeg@raaa%we,tgydeh%% ShREd, 'pBéttsYreRﬁUb&&aﬁndf)Hﬁﬁﬁ,' cal
range of 0-103. see Bryan Gescuk & John Davis, "Novel therapeutic agent for
syst &fi ¢ thipmboangifis hbitaenss thyrotpxicas, tahes d@pilid, ohorimditis, giant cell
polymyalgia, endocrine ophthamopathy, chronic hypersensitivity pneumonitis,
keratoconjunctivitis sicca, epidemic keratoconjunctivitis, idiopathic nephritic syndrome,
minimal change nephropathy, benign familial and ischemia-reperfusion injury, retinal
autoimmunity, joint inflammation, bronchitis, chronic obstructive airway disease, silicosis,
30  aphthae, aphthous stomatitis, arteriosclerotic disorders, aspermiogenese, autoimmune
hemolysis, Boeck's disease, cryoglobulinemia, Dupuytren's contracture, endophthalmia
phacoanaphylactica, enteritis allergica, erythema nodosum leprosum, idiopathic facial

paralysis, chronic fatigue syndrome, febris theumatica, Hamman-Rich's disease,

sensoneural hearing loss, haemoglobinuria paroxysmatica, hypogonadism, ileitis
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WO 2010/ 057109PCT/ US2009/ 064613 Rheunat ol ogy 2002, 14:515-521. O her
scoring nethods include BILAG scoring. Antibodies to doubl e-stranded DNA
are bel i ewodotoscwase renal flares and ot her nmani f est at iPOmAISRG09/064BUS .
Patients undergoing anti body treatnent can be nonitored for time to renal
flare, which E@fined as a %%%Piflfant %Produ0|ble lncreﬁse hn serum
creatini r{égm%%}}sr OB MO BRUAIOS S AR AT AN ALY AL S HRALY JEPDRLBIC |

addi ti on, palgb@Rl p ﬁﬁﬁlsbspmm‘m HafEa b?dh@tllssgr%ulé‘iﬂﬁﬂo%'%hﬁééatﬁﬁt' bodi es
and antibodies to doub e-strande Treatnents for i ncl ude hi gh-dose
corti cost}?@ﬂymfiisularsoblcma pmdeuphgamnamsum, QH@@@)HS tiHge@idiis, acqeured il

treat nent  of uce e the severity d/or tine
o the nasPry-dRERIE S s EFeioGag widotish SRS Gl RV aP Y wBROOf 1t he
joints, iSw@DUGidEpsankBaASiiig- $RENE¥H Histses, Re@litaAtiemaktdefitiehsy gndrdaiohn’ s
di sease. Treatnent success can be deter ni ned by validated patient and

physi ci afAdPEbaprasiiseissaa sutetsslasitmgnia g1:dc-shock syndaping, foed apisorise,

vascul i ti t C. ulltldes
nave ant i SAGTBRG bR 3t Tl B ERL Gk BARIRL R 1 ce
15condi t irospenedsfagaiciangl \snmhédtmdi dmmzlgrgema&aah@ mtkgedsy cptoginanaidmat osus
(W5, mcroscopic polyangiitis (MPA) and Churg Strauss syndronme (CSS),

col | ect i VEIXMIIP6HHSS: é’éseAN@AP‘éPé‘élBE {oakReyts depedesisi @uktmrgan mjury sYpgrgigent
efficacy si gns
e S S S SR o S s LR S
changes ambmﬁﬂnﬁmnmgaBbmmﬁm&qxﬁmﬂd&aumpmmymjmﬂﬁxnﬁ@@ﬁhyw$nnmeﬁmuPsor|aS|s

Synpt om Assessnent SA), conpared with th eline condition. The
a0 | o1 SUFMRTREE SR BRIy R PO e ERHITHOF AGCRRTBORY of t he

| nvent | onoRGlvas AL NS o AT BARRASHaHIRS6 @A SRIL Vail e EHRYAI

treatment on the Visual analog scale used to i'ndi'cate the degree of |tching
experi end@dm@@thyp@twmrnultq ety Poiduias Symgmltmlsadmtym@ﬂb@mp@m an i nfusi on
reactjon i nf SIO Wi t.h their f|rs i nf.ysi on. of a

t hor aeurteobti iR n FACHE AP AR R ek Yo i P RPN "o e
reversi bligilekd dvqiBih CEBAY, Hefo¥RBiia@is, MYBEAdY MpaticisPedioae, Pithagr € not
limted to, flu-like fever, chills/rigors, nausea, urticaria, headache,

br onchos pakrsiggiokeasrap U ien Ry 1ol D B SNBSS @CRIG 0T LN STy, t r eat nent
met hods of, LA RIGHE %a;éﬁéh&,"cg%éh%lé §in 1&,’5}1%851{1 hllllslle?a@ecf GOGHEONTY as
al | evi ate or ninimzZze suc agaver se events, he ] | e may receilve an

initial cosidophitinpudmoiary dlfétratzdm@sthopki(ia) cosfnop hidiaanyal fiedyndrehtowed by a
t hera eutlc | ly effective dose. The condi ti oni ng dose (s) will be lower than
the tHer dpliercanspmss slrepic\resinprhilic Busasia troRicehrnlpapitysesipephilit.er at e

hi gher d%@&%% nddPintDas g@llﬁg ﬁ?ig}@&gggrg%g%:ﬁ@%% 1n eosmogﬁﬂﬁ nding on

the indication to be ireate actors r vant to t osin at a
physi ci aranaphﬁam Iselionegahnee fpa@idgloadhtidddsepdigeridociame wtcbllmmmﬂwhwase bodi es of
t he |nvent on.will be.adm nister a. dosagg that is effic CIOUS for the

t r eat mentsc Osal}%a%hoil%a}t@aﬁl% %mﬁCEéa AR PPER A0S 9d1§wals O £ ect s.
The desi rsﬁéﬂdr@%ag@nsw h?&%‘ﬁﬁ&é@%ﬂuﬂﬁerﬁia&ﬁ@ﬁﬁn@n@V@Eétﬁ@@(ﬁf‘ch%%ﬁ@ﬂ’oh{e}’ st age

of the diSease, |evel cel I nodul ation desired, and othér factors

fam |35ar ataxia wéangtw@sl@n aroiotmk disorilers ayeciated wittheollager diseiseshematisen,

| nvent | Onneﬁl%rfogqgal %gs@asry § eprh%gen?‘}is, Y& ierglucsre%%%umgn st ep %Iec?uction in blood
pressure response, vascular dysfunction, antgiectasis, tissue injury, cardiovascular
ischemia, hyperalgesia, cerebral ischemia, and disease accompanying vascularization,
allergic hypersensitivity disorders, glomerulonephritides, reperfusion injury, reperfusion

30 injury of myocardial or other tissues, dermatoses with acute inflammatory components,

acute purulent meningitis or other central nervous system inflammatory disorders, ocular

and orbital inflammatory disorders, granulocyte transfusion-associated syndromes,

cytokine-induced toxicity, acute serious inflammation, chronic intractable inflammation,
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e.g., weekly, biweekly, nonthly, etc. In an exanple, the dosing frequency
is one dose every six nonths, or two doses spaced across two weeks every
si x nont WO 20tesvwbune of 10t he anti body sol ution to bePCmjuscaedessan range
fromabout 01. to about 3 ml per injection, nore preferably fromabout 0.5
m to about .1.5 ml per.injection. The tqotal. anount of humani zed 2H7

ant i body MgHith PE?%P@‘H’CFFPJ&%éliaﬁ?t@cfﬁﬂﬂﬂi’a%é’ndﬁget G- B SUEE- g per

i nj ecti onndMddrtall RYSorpREi€ AP aIRRY aRBIIHS @Hd bRdN@R6sid. 0 achieve a desired
dose. For treatnment of an autoi nmune di sease, it nmay be desirable to

nmodul at e t he dnrispertifid Subodmerts| plaepheutiorl cdepesitipmgcomprising hlinveizsd 28K7d/ or
the severit. f the.condition in the indivi I tient,.b djusting the
dosage. orHEmdn SBGRSRRaLERgaiY: MEReLRF WibtOrel et B o: Rave t o
be conpl gtigenil@rhedntit@itl aBhERs, lsysenlAtip@eriBymb@s#aSILE§ thdlingiupugl treat ment
but in subsequent treatments, the dosage may be adjusted to achieve only
partial dephits SYegener vdiscaspipdamaatory boneclgliseasd, ulgerstise celHis diepathieast 209%

i.e., 80%or - 0 bt j Cﬁﬁ@ﬁr - e
baselinet%eG%(Eg%P%?%gg ea(%gﬁfhﬁbﬁsggﬁégh%% 8§$ﬁ%ﬁ?@ﬁw ce Tﬁgé%ﬁgbgon is
25% 30%thd¥hocHodeni H0faltipR%cRFosty iaading rlapded rabltyng Mse psrinels] Igdepl et i on
is sufficient to halt progressjon of the disea nore preferably to

. se ]
al | evi at @ePH@PathynleVhpel YagHPRASHES SryashEnia gFavile dNFA drosiicd aserlitise r eat ment |
even rey; ’ ' ’ ' L7 - aut oi mmune
dise&gg §¥£%%%qggﬁbgﬁ%%?gﬁ%§8@&§%§éaﬁg%?%ﬁ§§§?%%%?§é%ﬂ?¥gﬁgs?ﬁ%%%pies wer e
i nef f ect i Opamat glymenll@rcpheds. or contrai ndi cated can be treated using any
[ .angn%ion. For exanp t he i.nvention

of the dosing  eginens of the present | e,
cont enpl at es R et T el o topRCTBRTY TS At )G WHSTFE had an

i nadequatige HHSRANRESIEW db&bﬁ?fes&%ﬁﬁq}ﬂ %r%%ﬁfge(eﬁ%ﬂd@% Bddd@iort RARRESS OF
to disease-nodifying anti- 30 rheumatic drugs ( RD)" t her apy.

" Chr oni c"orgkvicni roeuragnico nf thefeenditipn. Adwibisicsis sagdessullyf “trdatedidenan(s) in a

i d . . d i i he j.nitial
cont s TR SRRSTS 50 ARG B Re bR TEIpEA Bl 1

"I nterm tdnediint oPERIMAEEEECDOM bindire BELSBNG th8 afvehBorQicoIMBBARE Méglods done
Wi thout interruption, but rather is cyclic in nature. WO

2010/ 057 KGYRaTE98P DU9NEBY H1eubisabibeasiobser e ajglor measuraple nedechionig ot he B

cell neo i t icent 1 i
hunanizeg%%ﬁgggggﬁﬁéggggSﬁggﬁﬁgs%gﬁggﬁpf?% &h |g%%P%m§%%?ﬁ%%%§é%%§fth one
or nore tdarcapagiificand gehitSosintthe asmberadfenideh eclapeubiahcagethic caced cetis; t i dr ug
regi men. The 5humani zed 2H7 antibody can be admi ni stered concurren%ly,
sequeiit i dPIYEtionin Hiet WAz JRAPHIAN (e LoM6 fHIMRS setiene Pedenbly stap) af t er
non-resp L D e d | ynphona
et L G Gl R R G RV EIS L AC

m t oxant rremespinusowelgplvainain thpioRrcssomnkthoflische, ansker rebefitosomhexrtehther apy

regimens for treatjing Non-Hodgkin's, | homa...The follow ng are.the, 10
r ugs us QT8 MO CHABYEIIGRCCE R B asi o T ARt R EEDiyY 8%n,
neosar) ; AsHdIAMAEH TmpRARYRERITh Guility JRYiE R¥WIORCAMRLE M e YEMGE sSthpidghs
(Oncovi n); and predni sol one (sonefines called Deltasone or Orasone). In
part i26ul af agivivesh menelso be fadt OO phiiendi Aepatmentisen gchieveadennmlets eespdnsco a
patient isoeed shercol, L conbinatl on w L h 00 oL mLe f Lhe. Lol Low ng
chenntherapeﬁ Ic 56@8?5 of ' doxaranT ¢ ycPophosS%aﬁlﬂ%, Vet '€t Phe and

the tumor is decreased, preferably by more than 50 percent, more preferably by 75%. A

patient is also considered treated if the patient experiences stable disease. In one

criterion, the h2H7 antibodies of the invention achieve > 95% peripheral blood B cell

30 depletion and the B cells return to 25% of baseline. In preferred embodiments, treatment
with the antibodies of the invention is effective to result in the cancer patients being
progression-free in the cancer 4 months after treatment, preferably 6 months, more

preferably one year, even more preferably 2 or more years post treatment. These
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15 prednisolone. In a specific enbodinent, a patient suffering froma

| ynophoma (such as a non-Hodgkin's Iynphona) is treated with a humani zed 2H7
anti body wb 2wtwsproesent invention in conjunction wth CHCOP/US2009/064613

(cycl ophospham de, doxorubicin, vincristine and predni sone) t herapy. In

anot her enbodi ment, the cancer%ﬁ@atl ent can. be treat ed w({ a huma lzed 2H7
CD20 bi nd12HERSR | ‘Efoad;?esélflgtsﬁ‘if% SFRPBent 2R EBNSY sTaeTt A thi 1%?3‘%9\/’}56 rea ﬂy
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speci fic enbodi nent, the patient suffering from O-positive NHL is
adni ni stered HAitdmiapedily effsmnyeoimqunu’_zrefems foom] anmgnt ohansntibo /ey a o

exanpl e, ery 3 .mweeks for 8 c p odlnent of the
Cr et montTSEIYS P ERE SiShr el Prditin bouG RS oM <TRPRT e con) unct i on
WI th %herfﬁér’@ﬁe’lﬁllamw\éﬂf&tﬁ@@m@ﬁnthﬂ'&ﬁb %Ffrﬂdyd@d@élﬂﬁ@mﬁﬂ@kr%%mﬂceH%A

"chenot herapeutic agent” is a chem ca ound useful in the treatnent of

cancer. BErdussitestugior sirenphivér(apetlowdo seen ?&tentr%lﬁlm@e@bwt@m Cﬁgcea@@lht s such
t hi ot

mesurton A0 VTR XELBEORRNNAL o L. (S S0P SS RS A
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including altretamne, triethyl enenel amne, 30 trietyl enephosphoram de,
triet hi yIOérli’é&rﬁPBBﬁéé’%‘ﬁEﬂt%ﬁﬁsél@l%{%WﬂtPﬁ%%%ﬁroI%ﬁﬂre&ﬁﬂlﬁé detppifron 8§
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synt heti ¢ anal.ggue to can INO), CPT-1 ri not MPTOSARO) ,
ooty canpt ot MO TGRS SEBHINNE CUISISbRbTET S5BESHMIBIO5Y Bionses Wil
9- am nocaeLARS &Hb)phy@icié‘ﬁ%f@kﬂllrln tidgpYsyrtd discas GORRally, Afd pAROnidrs

adozel esin, carzelesin and bi zel esin synthetic anal ogues); podophyl| otoxin;
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and crypto 8 d duocarnycin.(incl udin h nthetlc

ol o paaR Bt BT Fhi rEILCEIoR St i Faine Repl G

sarcodi ctyi n; ERABPoWinalréMienoéd dRGEHE IFHPhamdSariChL Afeie ma(gﬁ@g@buﬁdatment
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mechl or etagandard m%p@ca@wm@rmawwmw@fﬁ%y frinqhlea Gt Lister,
novenbi chy 1, g0} ez&%%p%hon%e% %ﬁhd&%’c&ﬁp%w iR E{nauf@%' Larﬂﬁgsﬁé}{ d;

ni trosureas such a orozotoci'n enmusti ne,” Tonustl ne,
ni must i neK aadGabailla3nBsClinies] Noars frbad pi Selgamy, anﬂi(l?fbmhleﬁisof(N@dHOdghﬁ's
anti bi ot cs such a t he enedi yne antibiotics . cal i chean cin
especi®al ILymeRioman EAAR- &Onplgé {338, %@ewmle%al?ﬁ%q lﬁrlw&lgw Peaséice.drdy.

Agnew, %ﬂi{bﬁh{aﬂ eE?l fs) Chie 111%1&%@ Aelpﬁge}ci)elhﬁ[ﬂad2§m %a%ﬂm?@ such as

annamyci n, | cin, aunoru Iclin azoxane, DX-52-
epi r ubi mRa;el,(D)ChIﬁmp LlydmhudzmrcllreukMRNSGHﬁp 7129191@@3350-13;62dy1néhnm‘010gy n?ﬁswdl ng

dynem ci n es am ci,n ocarzinostatipn, chr. hore and rel ated
chr onopr UG IEHEH GHENEn P T bEIRTE S bprBley: CaerhDTERAPHS

act i nony gpllad@phkidr 2gowci n, azaserine, bl eonycins, cactinonycin, carabicin,
car m nomyci n, carzinophi K n, chrononycinis, dact | nonyci n, detorubi cin,

6- di &20- 5- ox o-Therardregiers er, asmsﬂngwﬁf@aw pi) swg%@pﬁtrwmn(@fmﬁl auiipignune or
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3oL V231 s it e e i i BRS RN HE AR SRR et dion of

met hotrexate, anti- netabolites such as 5-fluorouracil (5-FU) and its
prodrugs such as UFT, S-1 and capecitaQ% and thym dyl at e synt hase

i nhi bitors and gl yci nam de ri bonucl eoti de fornyltransferase i nhi bitors such
as raltitrexed (TOMUDEXRm TDX); i nhibitors of dihydropyrim dine

dehydr ogenase such as eniluracil; al dophospham de gl ycosi de;
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( NAVELBI I‘&ﬁbodlm)a/ram‘sefohte pre@at areixmnerpl it demygg, rdplaarstmﬁptadadamaga;el oda;

i bandr onat e; i soner ase .inhibitor. RF 000; difl uor rretl hyl or ni,t hi ne
(Do) " eicata oen BoRad Sitl M HANEoter it RAgUHLsTaEU SBaF fhe SeReBtnnl o
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ARl M DEXO anast ro% Pl Og}r?dl antelﬁﬁgrndar ogens such as flutam de, nilutam de,
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t he above. Addi t i onal léf t he hu2H7 anti bodi es and functi onal
f r agment SPaipp Enredeeathp aisk gbthesconagae side clifsats exsppriencs mathBI NEY InhHE®s| asm

(2,5, ML A0 A AT S0 R 2ot uch o
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de d ti bodi. VE bodi
fo vecr R dehrafel ta Rlpfe whe BB st i hetE il T he ' ©°
(e.qg., PTK787/zK2284, SU6668). A "VEGF antagonist" refers to a nol ecul e

capable of neutralizing, blocking, |nh|F|ting, abrogating, reducing or
interfering with VEGF activities i ncl ud ng its binding to one or



20 nore VEGF receptors. In one enbodi nent, a patient suffering fromsuch a
B cell neoplasmis treated with 2H7.v511 or 2H7.v114 in conjuction with
Avast i n0 wbevaiszweab; Genentech). The anti-VEG- anti boagT/useaaosssuirab
(BV)", also known as "rhuMAb VEGF" or Avastin(r), is a reconbi nant

humani zed anti - VEGF al anti bod ener at ed  accor di to Presta et
al | Canc@aleﬁ&bpgﬁnamg@ g ge9d W3 GV S0 LB #rieLiRe i onal
fragment s, hpéR Hfithdd eNPE itibitdrn @ nethod of treating a CD20 expressing B

cell neoplasmin conjunction with a nmenber of the TNF fam |y of cytokines
such as Apo- 2 Oigmaniiod Apodiluding|tsetnrent efficacy indR Ass tRed on ATiesich Collegngt h
native se nce na -2.ligand.is a 281 am no, acid.|on Type ||

U r ansent SIeUgEEraR T ARO FerE Rfen Be Rt Rl thimGogmdY B nes
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conj uct iRkl orSEE BRACARET GRE thbfovBBERLIN A6t RBas3 oh ITBIRRSUPPT essi ve
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cycl ophosphanmi de, if there is an adverse reaction to azathioprine);
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a LPA-3 Do do e ttian (P AR QB ATRHANL shest JLRRIAG (s Sheplokinase:
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met hotrexate, |eflunom de, etanercept, infliximb, azathioprine,
D-penicillamne, Gold (oral), Gold (intranuscular), mnocycline,

cycl osporine, Staphylococcal protein A g i nmunoadsor pti on. Adal i mumab
is a human nonocl onal anti body that bi Ads to TNF. Infliximb is a chinmeric
nouse- human nonocl onal anti body that binds to TNF. It is an

i mrune- suppressing drug prescribed to treat RA and Crohn's di sease.
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10 denyelination resulting in M5. Actenra (tocilizumab) is a humanized
anti-human interleukin-6 (IL-6) receptor. Et anercept is an

"I mMmmunoadwe2019/05f1w8i on protein consisting of the extracecraisasovlosgand
bi ndi ng portion of the human 75 kD (p75) tunor necrosis factor receptor

(TNFR) linked to the Fc porti f a human | .. Et cept (ENBRELO is an
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see, e.g., "Guidelines for the managenent of rheumatoid arthritis”
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CTLAd-19 c(aﬂﬁﬁ{&l%ﬂ{ the bh@hk ¢ ﬁoéo?hegpsori%% g&et I HIBRLd Wiit% sz,gagssant S

(e.qg., azathioprine; nmycophenol ate nofetil Cept O; Ro , an
cyt ot oxi cClagebindingengbodycafcho pivostpinesuchled hu2H7.v51 IFkan be mecasured pomotdicadfy

psori asi s ients can b m ni stered. . a hymani ze H7 anti bo in

Pon unct BRI HeaprRRrn feaat i ATEoe Scikh g B Byt PEedBr AEICHng he ar i n,
cal ci pot rdx@Bgenced %@@g@kimﬁ}gﬂt&azar otene, or with methotrexate, retinoids,
cycl osporine, 15 PUVA and B therapies. In one enbodi nent, the psoriasis

pati endt is trdtiens mayrexactrneanh xdusioHraghen erodiusivecekaad syipjoray with
concurrentl.y.Wth cycl psporine. . mnim.ze toxi.city,. the traditional
Syt on o LA e SEERPRRRERRG wntibody et B P S aehuint PRy

conbi nat qichalally @fe reMr€ibId Witle e dichEiateitioh ETHRB Bimptoins lifiRle K0 sRARDt

conbi nation reginens with the hu2H7 CD20 hi ndi ng anti body conpositions at

t he presdhpitai@oBediks fevar tchidlsaigost, nissafadeaiaeheadache brpnchospasm,

angioedema. It would be desirable for the disease treatment methods of the present

30  invention to minimize infusion reactions. To alleviate or minimize such adverse events,
the patient may receive an initial conditioning or tolerizing dose(s) of the antibody
followed by a therapeutically effective dose. The conditioning dose(s) will be lower than
the therapeutically effective dose to condition the patient to tolerate higher dosages.

Dosing
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Anot her enbodi nent of the invention is an article of manufacture conprising
a fornmulation of the invention useful for the treatnent of autoi nmune

di seases woaoroglsatoed conditi ons and CD20 positive cancePSTAISCHIM64613

non- Hodgki n' s | ynphonma. The article of 25 manufacture conprises a container
and a | abel or_package insert on or associated with the contai.ner. Suitable
cont ai ners | ndaadaggp REAHSRRON Wi Faed apddpgorsg PTG IS hC gprin i

cont ai nerghyeRin e skifrifee A NotldvVR tafliVar it BlcSntiBbSicSHChc AN cHiGSRiIPT
plastic. Al |east one active agent in the fornmulation or conpositionis a
hu2H7 antliepddynisteradhae aidoseatthasng ciiheciaustfobihd yrebeang opthesiedicaiion whae

contai ner_such.as a. syri t .an.ampunt .to deliver the 3 osage

Gescri boditBrutnfieRy abEify ofud "LRTRERbe ARuBhy erir e e T RE%HE 1 1 the
range sof & agmdcibrityOst2Q0ofTHé HlseassAByvdAISf Bleliahodildtith dREirdd0end 8@cilitists The

| abel or package insert indicates that the conposition is used for treating
t he part ifemilir tehsdbysigian of pldlljimbwlaror package insert will further conprise

20101 05710oPCT IR oRdaHs sk, At MnSERANEVIOR b et - 10
cust omar id.gy, wesklydeslcdkiy, asmy cital packagsde, dic ddisipapRuthc ipoasddedes, t hat

contain information about the indications, usage, dosage, adm nistratjon,
cont r ai ndiVERtSUHAYNHISAPTIVORRESH HALIASFRSE FHP WGCESRyclssx Brontse H he weluaserft i ¢

produgt s. ¢l Qnt%ﬁg %ﬁ‘lﬁﬁ&iﬁ PERBY injdcRR cBﬁ‘%%g‘i‘r ' ol g iaﬁﬁit%smf Ptinjt&on,
conposition Is use or 5 treating nom-Hodgki ns' |ynphona.
Addi t i onahérg, pre¢fhuabbyr firora labowaf0. et tf @ouitt € migyer ingedtivar Thonqgal swoumt s€£cond

cont ai ner, conpri sing a, pharpaceutically-acceptable buffer, ch as water of
o ect 1 ortunarrd 2B PR Eied Bronf SRSt o w ey 130k 57

phosphat gnRbfideraditdd infiRtiof MGEDe 8scAQh UEdePb achRdl Wlcsiddddsde (0. 9% and
dextrose solution. I't nmay further include other materials 10desirable from
a commer ci al dred tigsterens o bard@weinmuricrdiscast, Hgnayt beedesiyablf v modulatetberextent

filters, dl nd i nges. i |, Exanpl Exanple 1 .lnitial
RN T e o e L e
subcut anegpdisiduar pagleat b9 adjuddi) e dedake WREuEeY 2d OPeT adtody hBNMI d&piétiod hi S

formul ati on conprises 150 ng/m 2H7, 30 mM sodi um acetate; 7% trehal ose
di hydr at ean Qupdsmgs pei hassrtehe gompleteatOnp it Bycelpetiogmay b desiicd w1 igttabl e | ong

termin t I Al er. t %;’@é‘a 1L .
Adm ni st rt%%f%%ﬂgk t ];ﬁh&?%seﬁ{al%?ﬁ%%n“%% ’ ghue b({ég %?ﬁ[g us ighﬁj&%%(f@orhgls&eibgg@y glfrt%)all ugus
nmonkeys rdepletibedIn ohesemidém@ti the [Bagettedeptaionts dtheast 0% citd. B0% bt Rseefd | ow
bioavailability.(z30% . MId to noderate macrophage. infiltrate in the
subcandoddl Pasjteye Rugellsgsaemasgompaiedde éheatrﬁﬁ?#meé.w;ﬁ@f%f‘aﬁgaémsm- tpgther

rritati QR B QUi &Y1d:Bn i08 9, I50oR oY, PRLL 603, 7005 & greAtd Lfré&%fably,
material). Testing of this formulation under condi'tions %ﬁat si mul at’ed what
t he produb¢ Bwal deplppeed sutficdnt tdikalt pioectsiiomosiht diseasef monegkefeatly tche protein

was significant aggr egat ed undgr physi ol Qgi cal 25conditions (Figure 1)
Cor robar ARG HESERT FEr e P Ebg Prechs SRR T pABH Sy oL Miskeys. . The
observed RERELHR foalutOfhc BXKade consistent with a salting out effect
subsequent to a pH shift. Exanple 2 In vitro dialysis nmethod for

t estiddg macr orfsitients heviag gn egatmonnadidesse phe Butellgnalignghey B0wbadi ancoris of
subcut anegus inje Ln vitr si s, nmethod was,devel oped to

ion. . ccAn di al

est t he Bt RyTab AR weiipe Tl ol el Bt Rt s R R
t he physigln@ging of eecidsin@nsgiaftaounthe hesestuhidigios UB6HE-ARRMNI$hd inf@&ionon. A
nodi fied PBS sol ution was devel oped for this nodel to )

contemplates the present treatment methods for RA patients who have had an inadequate

response to tumor necrosis factor (TNF) inhibitor therapies or to disease-modifying anti-

30  rheumatic drugs (DMARD) therapy.
“Chronic” administration refers to administration of the agent(s) in a continuous
mode as opposed to an acute mode, so as to maintain the initial therapeutic effect (activity)
for an extended period of time. “Intermittent” administration is treatment that is not

consecutively done without interruption, but rather is cyclic in nature.
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sinmulate the interstitial fluid. This in vitro systemwas used to eval uate

the effect of WD 2010/ 057109PCT/ US2009/ 064613 sugars, polyners,

surfact arwe,208md78mi no acids in retardi ng 2H7 aggr egat i @0T/USasndiocsst e

formul ati ons that showed inproved product release in vitro were then tested
in vivo (rat sybcutaneo Z nodel ; see Exanple 3) to determne if this

i mprovenent c %@ﬁﬁﬁ%% t'dPBecr eased i nfl anmation in vivo. 5The set-up of

the in vitro dhaleygh St dedphbaWacdcAbEd S48, the it Thn B BSScd RItR (Her
filled with 220 m modified PBS sol ution (167mV Sodi um  140mM Chi or i de,

17nmM Phodpinsnezed 20Vl daoibadiss efirthic ates@7 @veBtiomn emginegonfvitticak psinore ubi ng

(Spectra Por 1 MI1Ilion | ecul ar Wi ght Cut Of (MACO PVDE DOialysis tubing
12 nm di atﬁ%‘f‘%f‘r“}w\ﬁé?%s sbakeg OFJ‘ﬁmBEE’PfaP%%&F RN r&ﬁléldﬁ‘r%e%lfn%? b§i al ysi s

t ubi ng Wafinfnai¥Re7 afbodihentielidianit@vaiscoh bt @y Wcgherppy Qi aieEmtiNg 1 m - of
test sanple t(}éHY Wi th test excipient). Excess air was renoved, and the

opposi t e eifftthefcheratheiappuits agant. er afigsagntrespopsvensst wih othgetheapy. Pivardpid | ed

bag was t | ar. G i nj i fi S sol uti on,
and the %;ﬁrg&\%glgpaﬁya}g%%% g)th %9%16\?\5%?6}11& %8?42‘?%% &CWP%B%&‘ og%%qts’gl%m es of the
modi f i ed Bphdled @as enittRahttoNne\phiisem Elphalye dCHOPEK ode bf the mok2eorathon 33 and 48

hours. The turbidity of the sanples 15 and the anmount of protein present in
the rel edS8MRBETARNNGEPEHELSisrae Non-Hodgkigsdrpphma. sEhgfollpyingge theon, t he

rel eage 'M[E‘e&‘ﬂf’thte@{éﬂ%iﬁl% égel%bﬂ@sgmﬁm%i(@éaxa h$mby '&ganwﬁéo%mgje sual l'y

i nspecte r precipitatiom. Atest exclpient was consi‘dered to
accept abladriamytingdoxorvbiting hydoxgdadramsingtvinthyistife (@fcoVhy; admrtdtisolener el ease

of 2H7 with the test exgipient was greater than the negati nt.r ol

Cor | i nalComemeylra eGP or Al e thamodiah it Gba0 DRSS ehal ose
Di hydr at e;n(ife B3 % HRliv$ercRad & palhnt & Y tRerdof ih RIMG AlatifQ withRE BE thodd Bf
characteristics. The positive control (RaptivaTM rhuMAb anti-CD1 1 a, an

ant i body tR&&diemvmigs chemudhasarutic apandusi doxosihsimdynloppespbiupideavinonstamdndr eat er
rel ease than.the negative.control. . The.preci.pitation,of 2H7 s, reduced or
ol et athisalhel i B SRbhdiep » SRE RN el aniarte t5iEn A58

Candi dat efntiedgkifet lyinfithoaf§ @pt@RGew N h hehbaizv@PB7 bRgibdy@TtiRdbrednt he in vivo
rat nodel 30to determne i retardi ng aggregation in vitro correlated to

decr easednyenticammeuiwietion witheHOPcxglephosiastide, soxorubicin, phrisiis adl r el ease
061 ot 04y S B0 LORMECH D AR AL R, oo |
protel n humanized 2H7 CD20 binding antibody of the invention in combination with CVP
20  (cyclophosphamide, vincristine, and prednisone) chemotherapy. In a specific
embodiment, the patient suffering from CD20-positive NHL is administered humanized
2H7.v511 or v114 in conjunction with CVP, for example, every 3 weeks for 8 cycles. In a
specific embodiment of the treatment of CLL, the hu2H7.v511 antibody is administered in
conjunction with chemotherapy with one or both of fludarabine and cytoxan.
25 A "chemotherapeutic agent” is a chemical compound useful in the treatment of
cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa
and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,
30  trietylenephosphoramide, tricthiylenethiophosphoramide and trimethylolomelamine; TLK
286 (TELCYTA™); acetogenins (especially bullatacin and bullatacinone); delta-9-
tetrahydrocannabinol (dronabinol, MARINOL®); beta-lapachone; lapachol; colchicines;
betulinic acid; a camptothecin (including the synthetic analogue topotecan

(HYCAMTIN®), CPT-11 (irinotecan, CAMPTOSAR®), acetylcamptothecin, scopolectin,
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WO 2010/ 057109PCT/ US2009/ 064613 that did not readily aggregate (rhuMAb CD1
la) and a rel ease of protein that typically aggregated (original 2H7) under
physi ol ogWo 20wvdirtobons. The area between the two rel eas@CTOISe@S/0BAT Ur €S
the relative ability of test excipients to retard aggregation relative to

th t I 5Th | at I f .t 2H7 f | at
o (= 5095 d-amep CagBa e b PGB cATh i Ca 06 T AR “SBeNVeu as 2H7
was. 1 el easpliciotohRI il o BAflob R pbSolIMdiokise foBERy ARtk eN.

i ndicating that the materi'al was aggregatlng in tha enV|ronnent Ext ensi ve
f | occul atttwpodide icthptarthycids épaﬁscnéarbaqymphyxm ¢rnédryptaphiyein 2% dedastasinand

corresponded to a decr ease 8 [ at
Che ToPorfurte iR e STRHEES Galdiiy oy RGP Py TR
Al ofs t hRaera88sei; \aastafdaaﬁtylﬂoygsﬁglgaﬁﬂﬂaﬁtr@g& h@deld Yuchag cri@adnsisucunder

physi ol ogi ¢ condi tions ehavior is not seen when the 2H7 origi nal

f or nul at iternaphsrige.cdolonhesphrmids, oitramugting vigsfamide, mechloghamiast , r humAb

CD1l fied PBS
col ut on, TR Bl AR RARAIR, ALAbNEh bRl B b MR Er oy "and o

15f | occulp@édmimuviar, ebbefatde, uRkildeustdie; ﬁtr&éW&isSuﬁﬁ& carmdstot i ng that rhuMAb
CD1 1 a does not aqgre gat.e under phyS|oIog|c conditions and is relevant as
a cont r ol HBpzaieRie, ﬁf?&éﬁsﬂnerémwt@esrumtmezé%dlfaﬁgmﬁ@ﬁ%rhl%véesp&roaﬁté%

560 PLeaso L MLl 00 1SRRG R Teb 0 2
Medi um Olésﬁéiﬁhlkymaﬁb]maﬁummgammall and calicheamicin omegall (see, e.g., Agnew, Chem

Intl. Ed. Engl., 33: 183-186 (1994)) and anthracyclines such as annamycin, AD 32,

alcarubicin, daunorubicin, dexrazoxane, DX-52-1, epirubicin, GPX-100, idarubicin,

KRN5500, menogaril, dynemicin, including dynemicin A, an esperamicin,

15  neocarzinostatin chromophore and related chromoprotein enediyne antibiotic
chromophores, aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMY CIN® doxorubicin (including
morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin,

20  liposomal doxorubicin, and deoxydoxorubicin), esorubicin, marcellomycin, mitomycins
such as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, and zorubicin; folic acid analogues such as denopterin, pteropterin,
and trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, and

25  thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur,
cytarabine, dideoxyuridine, doxifluridine, enocitabine, and floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol, mepitiostane, and testolactone; anti-
adrenals such as aminoglutethimide, mitotane, and trilostane; folic acid replenisher such as
folinic acid (leucovorin); aceglatone; anti-folate anti-neoplastic agents such as ALIMTA®,

30 LY231514 pemetrexed, dihydrofolate reductase inhibitors such as methotrexate, anti-
metabolites such as 5-fluorouracil (5-FU) and its prodrugs such as UFT, S-1 and
capecitabine, and thymidylate synthase inhibitors and glycinamide ribonucleotide
formyltransferase inhibitors such as raltitrexed (TOMUDEX™, TDX); inhibitors of
dihydropyrimidine dehydrogenase such as eniluracil; aldophosphamide glycoside;
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i nside dialysis bag rhuMAb CDlla 0 48 0 83 0.001 0.03 No No 2H7 Oiginal O
48 0 28 0.02 0.37 No Yes Exanple 3 1In vivo rat subcutaneous nodel for
testi ng rmeonomulsemal e aggregati on The rat subcut aneous PeDASR9S6413 el evant

nodel

10

15

20

25

30

based on the simlarity in character

aminolevulinic acid; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid,;
gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet;
pirarubicin; losoxantrone; 2-ethylhydrazide; procarbazine; PSK® polysaccharide complex
(JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium,;
tenuazonic acid; triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (especially T-2
toxin, verracurin A, roridin A and anguidine); urethan; vindesine (ELDISINE®,
FILDESIN®); dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman;
gacytosine; arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids and taxanes, e.g.,
TAXOL® paclitaxel (Bristol-Myers Squibb Oncology, Princeton, N.J.), ABRAXANE™
Cremophor-free, albumin-engineered nanoparticle formulation of paclitaxel (American
Pharmaceutical Partners, Schaumberg, Illinois), and TAXOTERE® doxetaxel (Rhone-
Poulenc Rorer, Antony, France); chloranbucil; gemcitabine (GEMZAR®); 6-thioguanine;
mercaptopurine; platinum; platinum analogs or platinum-based analogs such as cisplatin,
oxaliplatin and carboplatin; vinblastine (VELBAN®); etoposide (VP-16); ifosfamide;
mitoxantrone; vincristine (ONCOVIN®); vinca alkaloid; vinorelbine (NAVELBINE®);
novantrone; edatrexate; daunomycin; aminopterin; xeloda; ibandronate; topoisomerase
inhibitor RFS 2000; difluorometlhylornithine (DMFO); retinoids such as retinoic acid;
pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as
combinations of two or more of the above such as CHOP, an abbreviation for a combined
therapy of cyclophosphamide, doxorubicin, vincristine, and prednisolone, and FOLFOX,
an abbreviation for a treatment regimen with oxaliplatin (ELOXATIN™) combined with
5-FU and leucovorin.

Also included in this definition are anti-hormonal agents that act to regulate or
inhibit hormone action on tumors such as anti-estrogens and selective estrogen receptor
modulators (SERMs), including, for example, tamoxifen (including NOLVADEX®
tamoxifen), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene,
LY117018, 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-
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25 of the subcutaneous inflammuation. The inflammatory response of rats
receiving the original 2H7 fornul ati on was consistent with the inflammatory
response wberwmsdioon t he cynonol ogus nonkeys (see ExanplP€TA)S2009/064613

| muno- hi stochem stry staining for human i munogl obulin was positive in
sections of rat skjn.injected with 2H7, indicating the W)

2010/ osn@@?@éﬁ*ﬁ@%b@@ﬁ%&@ﬁl@e maégénwssvsep) S ndes BRTHCHETX RIS i n the
areas of _ihmfolt%m%ggi&powgynebm%ﬁﬁ pathRlayd el RAkLIRESE COI pRlirQRiqf, the
test article caused inflammtion at the injection site. The in vivo rat

scr eeni nguals sayonvagmphs, PKédalpbs, Ras, H-dlab owd:epruhalt grgwthofactoorecersbr (EGF-

formulatipn (0.25 m.) was adm ni stered.subcutan he S5ani.mal s were
necr opol 4 2R i R R AR G R AL VR TR B s es. wer e
t r ansect goEE@VECTIN®d abéiné, ahtBf AXID@REcdiie PRAOTEUK ®tiie2! EBR TEXH@AREL ON

| owering inflammati on was determ ned by histology. An inflammtion score

was assi gaeeisanecrassel WhibiternygABREEIX BrgRdd; qndinhawgaceutically gresptalbiy silts.ght
i nfl am’rataici)(ﬂ o}ggﬁYa!ﬁvlegoiiﬂﬁrlﬁ’qﬁ'éa&ﬂo%. 2: noderate 3: severe The

presence Of granul oma was - determned by pathol ogy. Tissue fromthe
injection siteAddsostlgt thoha2H7 ahtbodeed «addunctionsdragndarts therkoQdih RIusEdBCOpE
for the presence 15or absence of granul qma. . . The acceptance criteria
for the itFFabR (&20sxriretreg BiisHacoplaym (oS bb i compnciionarifio 3¢-fumavab coL 1

Ex(arnne)]]ggt Lla\ﬁgizo%%gl%sfs?a!tgéntos?l@g ﬁ&(r %Va?&?ﬁa@ TR0k GRWHP PR (tVEﬁl%Ca 'ta%@ni%i. 1&n

actants to decrease aurnation’o H/
Sur f act aritasti-angiogarsBniyntlise thrigmgeatsar idhditgragfetd torn wialhmolkeomdt weighes. The

ability of surfactants to. decrease aggregation and fl occul ati on of 2H7 was
eval uat edUBRRTS: § RAVPHFISATICE R ARl dRAD AR YRS PFOER SR E BInaRRIOHT et ant <

tested coygbody, Bﬁwﬁu%ﬁesW%ﬁ&hbﬂ&&ﬁé thBRBNithdt SnGit ARG RBchddB) - The addition
of pol ysorbate 20, poloxamer and 25Span 20 and 80 surfactants did not

si gni fi cansduodenpyin e updairpele vasslar pbmmdabdity,ithpreditacilgionaidirgetty. flarnul at i on.

A nodest ing& vement in 2H7.re%%ﬁse in.ﬁéaro qﬁs 0 serv§9 wi t h. pol.ysor bat e
80, but ng® Benf‘? FERRTSPHEIFEY BRERE 40 ¥ ¥ BATE RS Sh e VEE W any of
t he ot heragshlrdsyetindt shobeSd. € dartHeeicd &PVEGH) antfodf U FHAPrebéRddSsnie

di al ysi s bag, however, was observed in all cases (Table 4). Thus

sur f act arelecides thaiujack YBOFrrenniarisignaing et REKF&d4E 2%+ Aadyr egat i on,

st §h$‘g‘g1ﬁ(}§’1§1aﬁﬁgo§fi§te?éfér¥ %o b thoi&L R Bbdle BBALEARL I b1BLKiAE EntiBithge 10 vitro

abrogating, reducing or interfering with VEGF activities including its binding to one or

20 more VEGF receptors. In one embodiment, a patient suffering from such a B cell
neoplasm is treated with 2H7.v511 or 2H7.v114 in conjuction with Avastin®
(bevacizumab; Genentech). The anti-VEGF antibody “bevacizumab (BV)”, also known as
“rhuMAb VEGF” or “Avastin®”, is a recombinant humanized anti-VEGF monoclonal
antibody generated according to Presta et al. Cancer Res. 57:4593-4599 (1997).

25 The hu2H7 antibodies and functional fragments thereof are useful in a method of
treating a CD20 expressing B cell neoplasm in conjunction with a member of the TNF
family of cytokines such as Apo-2 ligand (Apo2L ) also referred to as TRAIL. The full
length native sequence human Apo-2 ligand is a 281 amino acid long, Type 11
transmembrane protein of the tumor necrosis factor family of cytokines. Soluble forms of

30 the Apo-2 ligand, such as those comprising an extracellular domain (ECD) or portions
thereof, have been found to have various activities, including apoptotic activity in
mammalian cancer cells. Apo2L/TRAIL (described in WO 97/01633 and WO 97/25428)
is a soluble human protein which is a fragment of the ECD, comprising amino acid 114-

281 of the full length Apo-2L protein.
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Surfactant + 2H7 % Protein Rel eased (T=48 hrs) HLB Fl occul ati on inside

di al ysis bag WD 2010/ 057109PCT/ US2009/ 064613 2H7 Original (control) 31 NA
Yes 10% PaDoaxswmsri0d5 >28 Yes 0. 2% Pol ysorbate 80 59 15 Yes/US2088st6phn 20 24
8.6 Yes

In treating the autoimmune diseases or autoimmune related conditions described
above, the patient can be treated with one or more hu2H7 antibodies, in conjunction with a
second therapeutic agent, such as an immunosuppressive agent, such as in a multi drug
regimen. The hu2H7 antibody can be administered concurrently, sequentially or

5  alternating with the immunosuppressive agent or upon non-responsiveness with other

therapy. The immunosuppressive agent can be administered at the same or lesser dosages
than as set forth in the art. The preferred adjunct immunosuppressive agent will depend
on many factors, including the type of disorder being treated as well as the patient's
history.

10 “Immunosuppressive agent” as used herein for adjunct therapy refers to substances
that act to suppress or mask the immune system of a patient. Such agents would include
substances that suppress cytokine production, down regulate or suppress self-antigen
expression, or mask the MHC antigens. Examples of such agents include steroids such as
glucocorticosteroids, e.g., prednisone, methylprednisolone, and dexamethasone; 2-amino-

15  6-aryl-5-substituted pyrimidines (see U.S. Pat. No. 4,665,077), azathioprine (or
cyclophosphamide, if there is an adverse reaction to azathioprine); bromocryptine;
glutaraldehyde (which masks the MHC antigens, as described in U.S. Pat. No. 4,120,649);
anti-idiotypic antibodies for MHC antigens and MHC fragments; cyclosporin A; cytokine
or cytokine receptor antagonists including anti-interferon-, -, or - antibodies; anti-tumor

20  necrosis factor- antibodies; anti-tumor necrosis factor- antibodies; anti-interleukin-2
antibodies and anti-IL-2 receptor antibodies; anti-L3T4 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-; streptodornase; RNA or DNA from the host; FK506; RS-

25  61443; deoxyspergualin; rapamycin; T-cell receptor (U.S. Pat. No. 5,114,721); T-cell
receptor fragments (Offner et al., Science 251:430-432 (1991); WO 90/11294; and WO
91/01133); and T cell receptor antibodies (EP 340,109) such as T10B9.

For the treatment of rheumatoid arthritis, the patient can be treated with a CD20
binding antibody of the invention in conjunction with any one or more of the following

30 drugs: DMARDS (disease-modifying anti-rheumatic drugs (e.g., methotrexate), NSAI or
NSAID (non-steroidal anti-inflammatory drugs), immunosuppressants (e.g., azathioprine;
mycophenolate mofetil (CellCept®; Roche)), analgesics, glucocorticosteroids,
cyclophosphamide, HUMIRA™ (adalimumab; Abbott Laboratories), ARAVA®
(leflunomide), REMICADE® (infliximab; Centocor Inc., of Malvern, Pa), ENBREL®
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inhibitors. DMARDs commonly used in RA are hydroxycloroquine, sulfasalazine,
methotrexate, leflunomide, etanercept, infliximab, azathioprine, D-penicillamine, Gold
(oral), Gold (intramuscular), minocycline, cyclosporine, Staphylococcal protein A
5 immunoadsorption.

Adalimumab is a human monoclonal antibody that binds to TNF. Infliximab is a
chimeric mouse-human monoclonal antibody that binds to TNF. It is an immune-
suppressing drug prescribed to treat RA and Crohn's disease. Infliximab has been linked
to a fatal reactions such as heart failure and infections including tuberculosis as well as

10 demyelination resulting in MS. Actemra (tocilizumab) is a humanized anti-human
interleukin-6 (IL-6) receptor.

Etanercept is an “immunoadhesin” fusion protein consisting of the extracellular
ligand binding portion of the human 75 kD (p75) tumor necrosis factor receptor (TNFR)
linked to the Fc portion of a human IgG1. Etanercept (ENBREL®) is an injectable drug

15 approved in the US for therapy of active RA. Etanercept binds to TNFa and serves to
remove most TNFa from joints and blood, thereby preventing TNFa from promoting
inflammation and other symptoms of rheumatoid arthritis. The drug has been associated
with negative side effects including serious infections and sepsis, nervous system
disorders such as multiple sclerosis (MS). See, e.g., www.remicade-

20  infliximab.com/pages/enbrel _embrel.html

For conventional treatment of RA, see, ¢.g., “Guidelines for the management of
rheumatoid arthritis” Arthritis & Rheumatism 46(2): 328-346 (February, 2002). In a
specific embodiment, the RA patient is treated with a hu2H7 CD20 antibody of the
invention in conjunction with methotrexate (MTX). An exemplary dosage of MTX is

25  about 7.5-25 mg/kg/wk. MTX can be administered orally and subcutaneously.

In one example, patients also receive concomitant MTX (10-25 mg/week per oral
(p.o.) or parenteral), together with a corticosteroid regimen consisting of
methylprednisolone 100 mg i.v. 30 minutes prior to infusions of the CD20 antibody and
prednisone 60 mg p.o. on Days 2-7, 30 mg p.o. Days 8-14, returning to baseline dose by

30  Day 16. Patients may also receive folate (5 mg/week) given as either a single dose or as
divided daily doses. Patients optionally continue to receive any background corticosteroid
(10mg/d prednisone or equivalent) throughout the treatment period.

For the treatment of ankylosing spondylitis, psoriatic arthritis and Crohn's disease,

the patient can be treated with a CD20 binding antibody of the invention in conjunction
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Cont r ol Talwpathengs slpbetaslrand dazayaseriy; ot with methotrexate, retinoids, cyclosporine,
15 PUVA and UVB therapies. In one embodiment, the psoriasis patient is treated with a

humanized 2H7 antibody sequentially or concurrently with cyclosporine.

To minimize toxicity, the traditional systemic therapies can be administered in
rotational, sequential, combinatorial, or intermittent treatment regimens, or lower dosage
combination regimens with the hu2H7 CD20 binding antibody compositions at the present

20 dosages.
Articles of Manufacture and Kits

Another embodiment of the invention is an article of manufacture comprising a
formulation of the invention useful for the treatment of autoimmune diseases and related
conditions and CD20 positive cancers such as non-Hodgkin’s lymphoma. The article of

25  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. At least
one active agent in the formulation or composition is a hu2H7 antibody of the invention,
the antibody being present in the container such as a syringe, at an amount to deliver the

30  dosage described above under dosing. The concentration of the hu2H7 will be in the
range of 10 mg/ml to 200 mg/ml, can be 30-150 mg/ml or 100-150 mg/ml. The label or
package insert indicates that the composition is used for treating the particular condition.
The label or package insert will further comprise instructions for administering the

antibody composition to the patient.
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Package insert refers to instructions customarily included in commercial packages
of therapeutic products, that contain information about the indications, usage, dosage,
administration, contraindications and/or warnings concerning the use of such therapeutic
products. In one embodiment, the package insert indicates that the composition is used for
treating non-Hodgkins’ lymphoma.

Additionally, the article of manufacture may further comprise a second container
comprising a pharmaceutically-acceptable buffer, such as water of injection (WFI),
bacteriostatic water for injection (BWFI), phosphate-buffered saline, Ringer's solution,
sodium chloride (0.9%) and dextrose solution. It may further include other materials
desirable from a commercial and user standpoint, including other buffers, diluents, filters,
needles, and syringes.

Experimental Examples

Example 1
Initial Subcutaneous Formulation for rhuMab 2H7

A high concentration subcutaneous formulation (150 mg/mL) was developed for
rhuMADb 2H7. This formulation comprises 150 mg/ml 2H7, 30 mM sodium acetate; 7%
trehalose dihydrate; 0.03% Polysorbate 20, at pH 5.3. This formulation is stable long term
in the final vial storage under the recommended conditions. Administration of this
material by subcutaneous injections in cynomolugus monkeys resulted in severe
inflammation at the injection site and low bioavailability (=30%). Mild to moderate
macrophage infiltrate in the subcutancous layer was observed in these animals. The cause
of the irritation was attributed to foreign body material (i.e., 2H7 test material). Testing of
this formulation under conditions that simulated what the product was exposed to at the
injection site confirmed that the protein was significantly aggregated under physiological
conditions (Figure 1) corroborating the inflammation results observed in cynomologus
monkeys. The observed precipitation may be consistent with a salting out effect
subsequent to a pH shift.

Example 2
In vitro dialvsis method for testing macromolecule aggregation under the physiologic

conditions of subcutaneous injection.

An in vitro dialysis method was developed to test the ability of different excipients
to reduce 2H7 aggregation under the physiologic conditions encountered during
subcutaneous injection. A modified PBS solution was developed for this model to

simulate the interstitial fluid. This iz vitro system was used to evaluate the effect of
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sugars, polymers, surfactants, and amino acids in retarding 2H7 aggregation. Candidate
formulations that showed improved product release in vitro were then tested in vivo (rat
subcutaneous model; see Example 3) to determine if this improvement corresponded to

decreased inflammation irn vivo.

5 The set-up of the in vitro dialysis model is shown in Figure 2. 250 ml glass jars
wer filled with 220 ml modified PBS solution (167mM Sodium, 140mM Chloride, 17mM
Phosphate, 4mM Potassium) at 37°C. 6 cm lengths of dialysis tubing (Spectra Por 1
Million Molecular Weight Cut Off (MWCO) PVDF Dialysis tubing 12 mm diameter)
were soaked in purified water. One end of the dialysis tubing was clamped, and the tubing

10 was filled with approximately 1 ml of test sample (2H7 with test excipient). Excess air
was removed, and the opposite end of the tubing was clamped to the seal of the jar. The
filled bag was added to the 250 mL glass jar containing the modified PBS solution, and the
jar was placed at 37°C with constant stirring. 500 ul samples of the modified PBS release
medium were removed after 2.5, 6, 12, 24, 33 and 48 hours. The turbidity of the samples

15  and the amount of protein present in the release medium were measured by UV
photometric scan. In addition, the release medium and the solution inside the dialysis
tubing were visually inspected for precipitation.

A test excipient was considered to be acceptable in the in vitro aggregations study
if:

20 e The cumulative release of 2H7 with the test excipient was greater than the

negative control (original 2H7 formulation-150 mg/ml 2H7, 30 mM
Sodium acetate; 7% trehalose Dihydrate; 0.03% Polysorbate 20, at pH 5.3)
indicating improved 2H7 characteristics.

e The positive control (Raptiva™; rhuMADb anti-CD11a, an antibody

25 administered subcutaneously) showed no precipitation and greater release

than the negative control.
e The precipitation of 2H7 was reduced or eliminated.
e The turbidity of the release medium was reduced.
Candidates that met the acceptance criteria were then tested in the in vivo rat model
30 to determine if retarding aggregation iz vitro correlated to decreased inflammation in vivo.

In Vitro Results:

The typical release profile of the study controls in the in vitro dialysis method is

shown in Figure 3. The controls for this model were chosen to bracket release of a protein
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curves measures the relative ability of test excipients to retard aggregation relative to the
controls.
5 The cumulative release of the original 2H7 formulation is low (< 30%). Increased
turbidity of the release medium was observed as 2H7 was released from the dialysis bag
into the modified PBS solution, indicating that the material was aggregating in that
environment. Extensive flocculation inside the dialysis bag was observed within 24 hours
and corresponded to a dramatic decrease in 2H7 concentration from 150 mg/mL at the
10 start of the study to 4 to 5 mg/mL by the end of the 48-hour study. All of these
observations indicate that 2H7 readily aggregates under physiologic conditions. This
behavior is not seen when the 2H7 original formulation is stored in a glass vial at 37°C.
In contrast, huMAb CD11a is quickly released from the dialysis bag into the
modified PBS solution. The release medium remained clear throughout the study and no
15  flocculation was observed inside the dialysis bag, indicating that thuMAb CD11a does not
aggregate under physiologic conditions and is relevant as a control for this model. Table 3

summarizes the percentage protein released, release medium turbidity and presence of

flocculation.
Table 3
20
Control Time % Cumulative Turbidity of Flocculation
(hours) Protein Released Release inside dialysis
Medium bag
OD 350 nm
rhuMADb CDl11a 0 0 0.001 No
48 83 0.03 No
2H7 Original 0 0 0.02 No
48 28 0.37 Yes
Example 3

In vivo rat subcutaneous model for testing macromolecule aggregation

The rat subcutancous model is a relevant model based on the similarity in character
25  of the subcutaneous inflammation. The inflammatory response of rats receiving the
original 2H7 formulation was consistent with the inflammatory response observed in the
cynomologus monkeys (see Example 1). Immuno-histochemistry staining for human

immunoglobulin was positive in sections of rat skin injected with 2H7, indicating the
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The presence of granuloma was determined by pathology. Tissue from the

injection site was sectioned, stained and viewed under a light microscope for the presence
15  or absence of granuloma.

The acceptance criteria for the in vivo rat model were: (1) comparable
inflammation to thuMAb CD11a (negative control), and (2) absence of granuloma at
injection site.

Example 4
20 Ability of surfactants to decrease aggregation of 2H7

Surfactants are commonly used to retard aggregation of macromolecules. The
ability of surfactants to decrease aggregation and flocculation of 2H7 was evaluated using
the in vitro model described in Example 2. The surfactants tested cover a range of
hydrophilic-lipophilic balances (HLB). The addition of polysorbate 20, poloxamer and

25  Span 20 and 80 surfactants did not significantly improve 2H7 release relative to the
original 2H7 formulation. A modest improvement in 2H7 release in vitro was observed
with polysorbate 80, but no significant improvement in 2H7 release was observed with
any of the other surfactants tested (see Table 4). Flocculation inside the dialysis bag,
however, was observed in all cases (Table 4). Thus surfactants, although traditionally

30 used to reduce protein aggregation, were shown not be effective in retarding aggregation

of 2H7 in the in vitro model.

Table 4
Surfactant + 2H7 % Protein Released (T=48 HLB Flocculation
hrs) inside dialysis bag
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Effect of PVP on aggregation of 2H7

The effect of PVP on aggregation of 2H7 in the in vitro model was tested. The
materials used were:
e BASF Kollidon 30 (weight average molecular weight 44K-54K daltons)
e BASF Kollidon 17 PF (weight average molecular weight 7K-11K daltons)
e BASF Kollidon 12 PF (weight average molecular weight 2K-3K daltons)
e BASF Kollidon 90F (weight average molecular weight 1M-1.5M daltons)
e Spectrum Polyvinylpyrrolidone K-15 (comparable to BASF Kollidon 17 PF)

The addition of low molecular weight PVP (weight average MW 9K daltons)
significantly improved the release of 2H7 in the in vitro model (Figure 4). The majority of
2H7 in the dialysis bag was released and the amount was comparable to the rhuMAb
CDI11a control. No flocculation was observed in the dialysis bag and the release media
remained clear throughout the study. All of these are indicators that low molecular weight
PVP inhibits the aggregation of 2H7 under physiologic conditions. The molecular weight
of PVP used is important. Addition of a high molecular weight PVP (weight average MW
1.2 million Daltons) resulted in reduced 2H7 release into the modified PBS solution and
appreciable flocculation inside the dialysis bag (Figure 4).

Based upon these promising results, a concentration range of 1% to 20% low
molecular weight PVP (weight average MW 9K daltons) was evaluated in the in vitro
dialysis model. The addition of 5% to 20% low molecular weight PVP (weight average
MW 9K daltons) was effective in inhibiting aggregation of 2H7. The percentage of 2H7
released with 5% to 20% PVP was comparable to that for the thuMAb CD11a control

(Figure 5). The release media remained clear throughout the study and flocculation of the
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protein was also eliminated. Concentrations of low molecular weight PVP below 3%
resulted in similar 2H7 release rates, but the modified PBS release solution became
increasingly turbid, indicating that these concentrations of PVP were too low to inhibit
aggregation of 2H7. A summary of the percentage protein release, release media turbidity

and presence of flocculation is shown in Table 5.

Table S
Control Time (hours) | % Cumulative Turbidity of Flocculation
Protein Release inside dialysis
Released Medium bag
OD 350 nm

rhuMADb 0 0 0.001 No
CDlla 48 83 0.03 No
2H7 Original 0 0 0.02 No
48 28 0.37 Yes
2H7 + 5% Low 0 0 0.007 No
MW PVP 48 76 0.14 No
2H7 +10% 0 0 0.009 No
Low MW PVP 48 73 0.14 No
2H7 +20% 0 0 0.01 No
Low MW PVP 48 75 0.15 No
2H7 +10% 0 0 0.005 No
High MW PVP 48 20 0.07 Yes

Additional molecular weight ranges of PVP were also evaluated in the in vitro
system (Figure 6). The addition of 10% PVP with a molecular weight of 2K up to 54K
was effective in reducing 2H7 aggregation as evidenced by the increased percentage of
2H7 released into the media relative to the control. Large molecular weight PVP (1 to 1.5
million Daltons) resulted in increased aggregation of 2H7, similar to the original 2H7
formulation control.

Example 6

Effect of PVP on inflammation in the iz vivo rat subcutaneous model

The antibody formulations containing low molecular weight PVP (average MW
9K Daltons) that showed significant improvement in the in vitro studies were then tested
in the in vivo rat subcutaneous model. The goal of this work was to determine if
eliminating the aggregation of 2H7 under in vitro physiologic conditions would translate

to reduction in inflammation at the injection site. The success criteria for the animal
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model were: (1) comparable low inflammation in the test formulation relative to the
rhuMAb CD11a study control, and (2) no granuloma at the injection site.

A summary of the histo-pathology results for each test formulation is presented in
Table 6. The negative control, rhuMAb CD11a, and the 20% PVP vehicle which
contained no protein induced minimal subcutaneous inflammation. The injection of the
original 150 mg/mL 2H7 formulation was used as the positive control and resulted in
moderate to severe (2-3+) inflammation at the injection site. The addition of greater than
5% PVP (weight average MW 9K Daltons) to 2H7 decreased inflammation. The optimal
concentration of 10% PVP with 100 mg/mL 2H7 reduced the inflammation at the injection
site to the negative control level (+/-), a criterion for success. Increases in inflammation
were correlated with increased 2H7 protein concentration. The addition of 20% PVP to
higher concentrations of 2H7 (150 mg/mL) significantly reduced the inflammation to mild

(1+). No granulomas were observed in any of the test animals.

Table 6
Formulation Animal Histology Score Comments
150 mg/mL rhuMAb CD11a 1 +/-
2 +/- Follicular follitis
3 +/-
100 mg/mL 2H7 + 5% PVP 1 2-3+ Focally extensive
2 2-3+ inflammation with
3 2-3+ necrosis
100 mg/mL 2H7 + 10% 1 +/- No comments
PVP 2 +/-
3 +/-
100 mg/mL 2H7 + 20% 1 1+ Focally extensive
PVP 2 1+ inflammation
3 1+
150 mg/mL 2H7 + 10% 1 1+ Focally extensive
PVP 2 1+ inflammation (2/3
3 +/- rats)
150 mg/mL 2H7 + 20% 1 1+ Focally extensive
PVP 2 1+ inflammation
3 1+
150 mg/mL 2H7 original 1 2-3+ Focally extensive
formulation 2 2-3+ inflammation with
3 2-3+ necrosis
20% PVP Vehicle 1 +/- No comments
2 +/-
3 +/-
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Inflammation grading scores:
+/- = minimal/slight
1+ =mild
2+ = moderate
5 3+ =severe
Conclusions:
In summary, the addition of 5% to 20% polyvinylpyrrolidone (weight average

molecular weight from 2K to 54K daltons) was effective in significantly reducing

10 aggregation of 2H7 and eliminating flocculation of 2H7 under physiologic conditions.
The results with PVP and 2H7 were unexpected based on the historical use of PVP and
hence illustrate the novelty and innovative step of the approach. Surfactants, traditionally
used to reduce protein aggregation, were also evaluated in our in vitro model but none
were effective in retarding aggregation of 2H7.

15 Reducing the aggregation of 2H7 in this environment ultimately resulted in
significantly decreasing inflammation at the injection site of animals injected with 2H7.
The inflammation was reduced from severe (original 2H7) to minimum to slight for 2H7
formulations that included 10% low molecular weight PVP. Reducing the ability of the
protein to aggregate under these conditions could translate to increased bioavailability.

20  Last, we have successfully developed and demonstrated the utility of the ir vitro dialysis

model to measure the ability of an excipient to reduce protein aggregation.
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Eukaryotic Genes (A. Bothwell et al. eds., Bartlett Publ. 1990); Gene Transfer and

Expression (M. Kriegler, Stockton Press 1990); Recombinant DNA Methodology 1I (R.
35 Wuetal eds., Academic Press 1995); PCR: A Practical Approach (M. McPherson et al.,
IRL Press at Oxford University Press 1991); Oligonucleotide Synthesis (M. Gait ed.,
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Concl usi ons: In summary, the addition of 5%to 20%

pol yvi nyl pyrrolidone (weight average nol ecul ar weight from 2K to 54K

dal t ons) weosfdsewpi ve in significantly reduci ng 10aggr @egatiseenonbsc2H/ and
elimnating floccul ati on of 2H7 under physiologic conditions. The results

hence 111108k &l G EBIBGeRTs (0 e it oenierufihoandd) =

Sur f act antge trhAditvonat kor MeShalidh CetligeMINQtEeM @I &9alogr, were al so
eval uated 1n our 'in viTro nodel buf none were effective in réetarding

aggr egat iMa y (VhButlgyed gl yrAmmaPERll Cultuitei($. Redbaid @nment

BidRechnolag

ul ti mat el e i cant | v decr f on at, the

injectio lsffdge%'f“ ég% Mﬁe@n@%? o ‘(/lvaesfi reduced

from Ssevaman(aougue@‘y) 24 Cmn{&ﬁ'aﬁﬁ@ohﬁlgs(ll\ll Mitlafned e?JTﬁedsO"WHbya-Us@ns t hat

i ncl uded 10% I ow nol ecul ar _wel ght PVP. Reducing the ablrlIt of the Elr otein
lhlb‘ﬁ é

to aggr eddP8); thriwrics NkﬁmdsﬂhEnzvmﬂlagv@%ﬂademwdﬁgssah@ Wi nd Hguser
{"hoa"a! g 'E?béjg a0k AR st ¥8n PRV %?&8&*%{1‘ z%yJoHES\{@Ae"(Q ngdﬁﬂa‘t&%&r at ed
e utili f neasur e of an

exci pi entSdighce aChigieridpeMen, r19a@grseg@mumn Iﬁﬁﬁ@lbéﬁﬁﬁ&mlstrv (G. Bullock%fPer ences
cited within this application, incl udl%g atents publ i shed appl i cations
1)

25and ot HETTUFEAs AMRigRs Prﬁsfsel9§%°r]eq§§ ] TSP alabgk pEEwpesimpcatal - The

practj,ce Iﬁﬁﬁlﬁl{aﬁo " 89 8R! 8?&?‘3 a!cQ&}eH"' éd['s) Re@iﬂlré?ﬂ{ ProtBlgsSE &b 35y] ndi cat ed,

conventi onal techni ques o ecul ar ology and the I'rke, wircn are wi t hin

t he ski |l [Calfgah hEalaeds 1BUohinireciabpudE. RridiamapdiaiénEK. f@]iris‘;oponlo‘s heels.,
\VB

el - coieeg e s apOL S QY e 4 1989)

Current ﬁfr%t%‘(’i@ed)%d%‘akﬁwréﬁs R vy EEHaﬁHM@'DaRf‘id Elme: A%@iﬁocheslﬂ87
updat ed) ; Essential Ml ecul ar Biology (T. Brown ed | RL Press 1991); Gene

Expr essi dmﬂmnnm_nml (ddepdiep Hagbor Mbamm,&@déggngﬁ@ﬂ)or INesv Nodls,  or

ot 13 o s AR b B MO Sor RS B iRt i or Ui Shespy oo

1990) ; Rel@@fmlaﬁ@ﬂ{es@h@sA@ﬁMR@b@WoﬂIhln(ﬁolo%@Vﬂle%En@Ad\%ﬂﬁes inAcadeni ¢ Press
1995); PCR A Practical Approach (M MPherson et al., IRL Press at Oxford

Uni ver si tiinemedegy1991) ;. d i gonucl eoti de Synthesis (M Gait ed., 1984):

Cell Culture for Biochemsts (R Adans ed., Elsevier Science Publishers
1990); GCene Transfer Vectors for Mammalian Cells (J. Mller & M Cabs eds.,
1987); Manmalian Cell Biotechnology (M Butler ed., 1991); Animl Cel
Culture (J. Pollard et al. eds., Humana Press 1990); Culture of Anim
Cells, 2" Ed. (R Freshney et al. eds., 5 Alan R Liss 1987); Flow
Cytonetry and Sorting (M Melanmed et al. eds., WIley-Liss 1990); the series
Met hods i n Enzynol ogy (Academc Press, Inc.); Wrth M and Hauser H

(1993); Inmmunochem stry in Practice, 3rd edition, A Johnstone & R Thorpe,
Bl ackwel | Sci ence, Canbridge, MA, 1996; Techni ques in |Inmunocytochem stry,
(G Bullock & P. Petrusz eds., Academ c Press 1982, 1983, 1985, 1989);
Handbook of Experinental 10 Inmmunol ogy, (D. Weir & C. Blackwell, eds.);
Current Protocols in Inmunology (J. Coligan et al. eds. 1991); | nmunoassay
(E. P. Damandis & T.K. Christopoul os, eds., Academ c Press, Inc., 1996);
Godi ng (1986) Mbonocl onal Anti bodies: Principles and Practice (2d ed)
Academi c Press, New York; Ed Harl ow and David Lane, Antibodies A | aboratory
Manual , Cold Spring Harbor Laboratory, Cold Spring Harbor, New York,

151988; Anti body Engineering, ri edition (C. Borrebaeck, ed., Oxford
University Press, 1995); and the series Annual Review of | mmunol ogy; the
series Advances in | munol ogy.

Sanbr ook
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VWHAT IS CLAI MED | S: 1. Anethod to mnimze inflammation at the
injection site during subcutaneous adm nistration of a macronol ecul e,

conpri si nyoaddvasgiobo a forrul ati on contai ni ng the macr ororasees/06Hi3 o 20%
pol yvi nyl pyrrol i done (PVP) having a nol ecul ar wei ght range of 2000 to

54, 000 da&kIFHOAnlsIS C§AIMIE§ The nethod of Claim1 wherein the macronolecule is

a protein et hod of O aim 2 wherein the protein is an
ant i body. LA A %tﬁwtb%nﬁﬁlz@l@affn%twg% BlcNnfebgorPiitciRpdy is a
t her apeutic antlboy . The meth of Clai'm 3 wherein the anti body

is a di agsnb@tta@oamdrbm@byratlon of a m@croilﬂ@éeqm hadpofingChdding ® aveemelation he

anti body is CD20 o) o 7. The

the anti b88§?“8 ﬁ%aecéo%?ulFflﬂfsg/j ‘éa?ro/ &R?lyﬂnylﬁyfr&hd%lquq”’g“‘ﬁn%ﬁH}O?%F a§ hovvn
in Tabl e vei ght range SF2000® 5@0@)@51@1150 aim6 wherein the anti body conpri ses
an am no acid sequence sel ected fromthe group consi sting of SEQ I D NG

1- 15. 9.2.The Thstmglodef Cagn thvehaspia tle ma‘tfﬁ@obﬁﬁtﬂeb@@lpf%@ﬁprl ses the
light ch b h bl
ot 2T Dt LA PRI P RD U ROP A PSSR E el D varTabie

conprises t he 4.1 ghtTIfehﬁd:thod/afcahhe V@lwfranmha)dnnsli@z Isa the2apeaiechntibedyheavy
chain variabl e dOfTB.I n of SEQ% The nethod of Caimé6
wherein the anti bodyecBftped Qlatrﬂé Whe@ﬁfl ﬂmﬁﬂtkwd/ pizranogbnaitibody- SEQ 1 D

NG 3 and the avy h f e Rt I NG D20 ant The
met hod of C alhfn 6 vﬁ%r e?tn&t?1 eéant |3 lcolﬁrgparnlaggé 1(:goarrp;nlﬁsces (%?in lbjoﬁ?l'l -l ength

| i ght chai n of7.SEQ THB idhéd ahdlaithé Whﬁrd:mhl&negttﬁboﬂmmpmﬂreamtﬂmfdy%ﬁtmm 7.
13. The t 6. wherei.n the anti body conprises conprises the
full -l engﬁngdﬁp ﬁ] 0‘@%@#%’1 kb 6 and the full-1ength heavy chain of
SEQ I'D NO 15. g T%etﬂ&?of‘@fahﬁ@ vﬂier%%éﬁtﬁbﬂ@ﬁo&hﬂlkgﬁn amindPR4y
conprises the full-length light chain of SE 9 and the full-length

heavy chakquanie gg@tq:ctfro@tn@group COHSIS.’EEIg OTPSEQTEI Neyl-df. Cl ai m 6 wherein the

anti body conprj ses e f ht chai and t he

full-1ength hedavy Aiided %é@]gﬁ% b R ReBofh SRl Dl b By 0 6
wher ei n tdaaametdbbﬁdyommmm 1tahe tﬁdﬂejavil emgh Radidtihdorsdiaion SEH BEQOLD NO 9
and the full-length heavy chain of SEQ ID NGO 12. 17. The met hod of

C ai m 6 wher ei - t helhgringthedigf @@rmﬁu\%l&emml@ gniibpdy egrgpiisch therlight kldim of SEQ
ID NO. 9 3y Th
nmet hod of %F%@%O%ﬂ%%r%t%h?#?%ﬂ bo%egggghaifg‘éﬁé%l%%%ﬁflIOf[SgggJHlﬁR %h?

chai n of SEQ I1D. NO Eheanethbdhef @M[rhﬁh@lf@élh tll&ﬁa&ﬂ&o&&l&brﬁpt@s‘es 8=Qighbchah 14. WO
2010/ 057109PCT/ US2009/ 064613 pharmaceutical fornulation for
subcut anedtigblsdrmainset i@ HA NgP: 3&ﬁd£%ﬁheaw9hal% aﬁﬁlﬁ%d%alaﬁf SR BHAP At

concentration rﬁngq@fm&9@6%ﬁ§£6 ﬁ%e axﬁ’lfBQ%ic/arh@n%Q & prjses the full;
pol yvi nyl pyrro i done (PVP a nol ecul ar wel nge of 2000 to 54, 000

dal t ons. length lightZhainTdfes HQ IDrINQit iaod thef fulllaigih A&vlvbaigiof SEReIING:Body i s
Formul at on of 0t af Hezse e EF e Ao Bt bEd s PURBRes semarisss el at 1 on
range of 13,00n MPAMdhatn Q) MYND:6 and the full-length heavy chain of SEQ ID NO:15.
14.  The method of Claim 6 wherein the antibody comprises the full-length light
chain of SEQ ID NO:9 and the full-length heavy chain of SEQ ID NO:10.
15.  The method of Claim 6 wherein the antibody comprises the full-length light
chain of SEQ ID NO:9 and the full-length heavy chain of SEQ ID NO:11.
16.  The method of Claim 6 wherein the antibody comprises the full-length light
chain of SEQ ID NO:9 and the full-length heavy chain of SEQ ID NO:12.
17.  The method of Claim 6 wherein the antibody comprises the full-length light
chain of SEQ ID NO:9 and the full-length heavy chain of SEQ ID NO:13.
18.  The method of Claim 6 wherein the antibody comprises the full-length light
chain of SEQ ID NO:9 and the full-length heavy chain of SEQ ID NO:14.
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22. The formul ation of Caim19 wherein the concentration of PVP is 10%
23. The formul ation of Caim19 wherein the nol ecul ar wei ght range of PVP
is from AOQoM1050M9 dal t ons. 24. The formnul ati onPoffi/USR@9mv4693
conprising a humani zed 2H7 anti body at 100ng/m, and 10% PVP havi ng a

nol ecul ar weight ra of 7000-11, 00Q daltons. 25. The fornul ation
of O aim 24 wherei ik 3ﬁmw&wa&é&ﬂzﬁwﬁﬂriSB@WDSB%%%@%W} vari ant
A, B, C Diibbdy, omptiGhg hn 88ti55A9Wa koncEaRAtRonlrange of 10m?Ri toBRn{Phmuhat i on of
Claim 24 further conprising 30"nM sodi um acetate; 5%trehal ose dihydrate;
and 0. 03%’Ptd Y¥6mohtvenytyradidope-( BB, with a molecplar wekght famgeof 20000 535000 ai m 26
wher ei n Hgﬁ humani zed 2H7 anti body conprises anti body variant A, B, C, D,
F, G H d*'P™s shown in Table 1. 28. A nmethod of treating a CD20
posi tive B celdo. canugrforre@liiéd &f Ogindoiwheedie then@tib&dyais padsb@nk ahavi ng t he
cancer a therapeutically effective anount of a humani zed 2H7 anti body of
Table 1 iQ‘?n@l@nﬁ}qﬁﬁliirﬁ?@éﬁlpi[é%mg(@r‘i‘?ull59tmgfﬁﬂcorrpri sing 5%to 20%

pol yvi nyl pyrr o}, do ( 13V | [ I 2000 to

54, 000 dal Long ! Pl GO0 o 10 st e GBS BREE AL 220 osi i ve
B cel | canaemtiatdodrddge el 100 wgphiond 50md/alikem a. 30. The nethod of
Claim?29 wherein the CD20 positjive B cell cancer is selected fromthe group

consi sting of %fon- HiWdRIMulation effhiaina 1P ahesein theicapesadationel BYE inoand

rituxi mab-refract orp,. : : 1 Nad [P i sease
(LPHD), snall‘?&npH%gyﬁﬁg&ﬁgﬁ%ﬁﬁ%%n%éfﬁﬁgﬁ%%gwgﬁggﬁ?% Iy%ﬁhoc tﬁ?“ﬁgﬁkenia
(CLL). from 700%11,00@ dateinsod of Cl ai m 29 wherein the humani zed 2H7 anti body
is variant A, B, C,.Dor Hfro able 1. .. 32. A od .of treating an
ait o mmune df SAase TBJABRYIET G LA SEamPHg e 8 biTauErd P RAURaHY € he

aut oi mungoeio3RRaRd 20%.TBVRRAHAS & #loidcultl WREIH: Vi 8 BPH060-01,060 BMHRRI zed  2H7
anti body of Table 1 in a pharnaceutical formulation conprising 5%to 20%

pol yvi nyl pyr r A5 donkhe(fPiymlatieryoifglaim g6 Mdstdimthebaimghized 2hlgentbod000 t o

54,000 dal t ons. . 33. . Th hod aim 32 . in the autoi nmune
o sonse endiRsnshosy wien A By Sob Brsichatt AL HASRE D o e e Ry
and juvenile rigeumerii il &f Slairh N6 utglicd gompBlisiag BexaModilhxdcetatsdadequat e

responders and TNFa- ant agoni st i nadequat e responders, system c | upus

er yt hemat s tishglsierhihydyeteuanid{y03 % Posysadsinri% pspHmd t i pl e scl erosis (M),

i ncluding rel in SHmaste: ' 1S EﬁB@@ 's di sease,
i nfl ammat ory g@ﬁelgrﬁsea§g?9u @§?%F?é§“§%#$§?%}1| |opa?ﬁ??ﬁﬁﬁggébocytopenic
pur pur a (dompyised dintibodptartant AL BrooDy Fo@eHioe 1 psishawnain(TEBR) 1. aut oi nmune

t hrombocyt openj a, nmultiple sclerosis, psoriasis, |gA nephropathy, |gM

pol yneur opat hi%s, iy &sttadmfaregiing s CD2ANeAtiye Bl CeReFT O8HUISING s,  di abet es
mel i tus, Re0RaMHHo % S YA PARinSIhRShR; § t o f iftigpa Pt i CA

( NMO) andadg'ioI%r u ﬁone%%%;ht ?%.mgq o9 %5)4.%{%%2%%%%8#9%#% 3?3avvher ein the
humani z e wdtdnizad CHYaalyibody efdFdbdmnt infg plByrm@eeuicalrfottnidlaidon deapresitlg 5% to 35.

A et hod i mprovjn r ' L ni.ng sol ubilization of 1 Nl m zing

O oci pi + AV HROST Xl ey PR banha dast s anagt Shss ol 2Pef et b upon

i njectiorya@bnd he injection site of a patient, conprising adding 5%to 20%
pol yvi nyl pyrrol i done (PVP) having a nol ecul ar wei ght range of 2000 to
54,000 dal t ong% o tHe mghebasChirbitvehvennthef@PMupesitienB cell cancer 88.B The

nmet hod of aim 35 W%erein the anti body is a humani zed anti-CD20 anti body
variant A° é?mffm%fo Fu%?n¥1or | as shown in Table 1. 37. A nethod
of increasing johe biRavahb®bf Claind 20fwiRieia e GOUY pbtiReB aelit4icst gr ed

subcut aneousl y, conprising adding 5%to 2096po|yviny|§érrolidone PVP)
havi ng a Setscied dioat thgesrept cangisies of nondlpdekinsyympbomalNbhe relgpspd indplesus

subcut an - at i AP i - : ; od of
Q'ai m 37 g en? b R NS 1B R brodgspigont sRRUSKETCARBRODE 2
B, C, D, (EPHB), sthal lymphscgivdyamphomd é8llle), ind chronic [38phodntic feukeriad CAiLal ysi s
nmet hod for evaluating th bility of an excipient ta reduce aggregation of
an anti body orlot heﬂler%%tﬁ%‘ﬁﬁﬁl ‘é%up@méerm ?}W&Wﬂ“&jﬁééw a@&ﬁaﬁ'bt Pypgant A,
conpri si Ng:c. p or H frdri@dradieal yzi ng formul ations of the macronol ecule with and
wi t hout the’test excipient against nodified PBS solution (167nM Sodi um
140mM Chl ori de32. 17 mvnRhiusipifateetingarviPoinassicutiycast, cBMEriving hdmonstrang to a
stirring;

patient having the autoimmune disease a therapeutically effective amount of a humanized
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(b) renoving test sanples of the nodified PBS solution; and (c)
nmeasuring the turbidity and the anbunt of protein present in the test

sanpl es, wbhepw/os7ioncr eased protein concentrati on and deeceaseaoosons dity in
the sanples in the assay containing the test excipient as conpared to the

control | in xcipi.ent .are indicative of the abil.i.t ft t est

excl p entbiridagar Syd Lgar perecitiel Ruhihior seapesind 5% 0 00 The met nod
of O aimg h&tdlidone (PP vt PRolctuldt AbXREAnEN o AWONS 59,000 L REhshavi ng a
1 mllion | t'on” nol ecul ar 'wei ght cut-off. 41. The nethod of Caim

39 wher ei n t he33pr ot Biermetbod ehf laah 33 rwhengin therdviadinnyuni dischss is egdectedfrpines ar e
measured ysing UV spectronetry.. .. 42, The t hod of . I m.39 further
Comr 1 o1 g Bregnapry s e periu A L R i SHo LB EHE sol ut i on
i nsi de t heclddiak Yisdtifotkes ble MWt P lindAe Qe Pieb FirideR, anWTBNRI-fht S5 & ar@equate
precipitation in the dialysis tubing containing the test excipient as
conpar ed TEWoRAFS.cypemdt lupasryigmaiasipiSdit) indudingiupas norhrvsss, MBBIpkbi 1 ity of

the test s%f%%sﬁ)sl (‘iﬁg), En%hfd?r%ul%iaap?igg rrggl?‘ﬁﬁgoﬁuﬁlfplet J}?ergﬁg (%i%legener’s
disease, inflammatory bowel disease, ulcerative colitis, idiopathic thrombocytopenic
purpura (ITP), thrombotic thrombocytopenic purpura (TTP), autoimmune
thrombocytopenia, multiple sclerosis, psoriasis, IgA nephropathy, IgM polyneuropathies,
myasthenia gravis, ANCA associated vasculitis, diabetes mellitus, Reynaud’s syndrome,
Sjogren’s syndrome, Neuromyelitis Optica (NMO) and glomerulonephritis.

34.  The method of Claim 33 wherein the humanized 2H7 antibody is variant A,
B, C, D or H from Table 1.

35. A method of improving or maintaining solubilization of or minimizing
precipitation of an antibody in an aqueous subcutaneous formulation upon injection at the
injection site of a patient, comprising adding 5% to 20% polyvinylpyrrolidone (PVP)
having a molecular weight range of 2000 to 54,000 daltons to the aqueous subcutancous
formulation.

36.  The method of Claim 35 wherein the antibody is a humanized anti-CD20
antibody variant A, B, C, D, F, G, H or I as shown in Table 1.

37. A method of increasing the bioavailability of an antibody to be
administered subcutaneously, comprising adding 5% to 20% polyvinylpyrrolidone (PVP)
having a molecular weight range of 2000 to 54,000 daltons to an aqueous subcutancous
formulation comprising the antibody.

38.  The method of Claim 37 wherein the antibody is a humanized anti-CD20
antibody variant A, B, C, D, F, G, H or I as shown in Table 1

39.  An invitro dialysis method for evaluating the ability of an excipient to
reduce aggregation of an antibody or other macromolecule under physiological conditions,
comprising:

(a) dialyzing formulations of the macromolecule with and without the test
excipient against modified PBS solution (167mM Sodium, 140mM Chloride, 17mM
Phosphate, 4mM Potassium) at 37°C with constant stirring;

(b) removing test samples of the modified PBS solution; and
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(c) measuring the turbidity and the amount of protein present in the test samples,
wherein increased protein concentration and decreased turbidity in the samples in the
assay containing the test excipient as compared to the control lacking excipient are
indicative of the ability of the test excipient to reduce aggregation of the macromolecule.

40.  The method of Claim 39 wherein the formulation is dialyzed in dialysis
tubing having a 1 million Dalton molecular weight cut-off.

41.  The method of Claim 39 wherein the protein concentration and turbidity in
the test samples are measured using UV spectrometry.

42.  The method of Claim 39 further comprising visually inspecting the
modified PBS solution and the solution inside the dialysis tubing for precipitation, wherein
decreased precipitation in the dialysis tubing containing the test excipient as compared to
the control lacking excipient is indicative of the ability of the test excipient to reduce

aggregation of the macromolecule.
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