WO 2010/011697PCT/US2009/051321 STRUCTURAL VARIANTS OF ANTIBODIES FOR
IMPROVED THERAPEUTIC CHARACTERISTICS Related Applications [001] This application claims
the benefit \M@etBRIUSTC. 119(e) of U.S. Provisional Patent Application SEfAIRa0®109821399. filed
July 21, 2008. BACKGROUNIRUE TTHRAINVARIASRSFMI NN EHROMNEANIEPR [2] The present invention
relates to s_tructu_ral variants_lg,i%\%}f_@ﬁﬁﬁg@ﬂ%fa@@Iﬁkﬂi@@ﬁﬂgﬁﬁg fragme_nts thereof, _
preferably involving the amino acid sequences of complementarity-determining regions (CDRs), with
improvedi¢latesd ARRlieatianteristics. In particular embodiments, the structural variation may comprise
changes to the third CDR sequence of the antibody heavy chain (CDRH3), for example substitution of

an aspartd¥ kedBiiepotistiqeshripiibe el wdeasatbodition 161 oflbthér parireahF¥fbodiments,

the strucigsli¥aHiatigR RN CYESE380. 2igiNiNg residyeat Kabat position 94, which may form a salt
bridge with an aspartate at Kabat position 101. In still other particular embodiments, the structural

variation ma ' ' es| t position 102. Such structural variants may provide
improve%ﬁgﬁgﬁ(ﬁi@ﬁgﬁﬁﬁﬁ ation of B-cells, such as B-cell leukemias, lymphomas
or autoimmune diseases, as well as other immune diseases implicating B-cells. In preferred
embodintaeld ahthindprewtidrfficacy may allow administration of low dosages of anti-CD20 antibody or
antigen binding fragment thereof, such as 80 mg or less, more preferably 50 mg or less, most
preferablyg marriessnivhichmardsaciminisieied WALKRIE HTesaaAubeaR 1A ll/Ge weeks
apart, or even two or more times weekly.. [3] The anti-CD20 antibody may be a humanized, chimeric
or humadHFCnd ey nEetitrearirprafendry diearagtbe ainivasid omesnsaisddiments may
concern H&%ﬁﬁﬁ%ﬁﬁﬁﬂ?—’@&gﬂﬁﬁﬂﬁ@&% Q%Hmﬂfvhﬁm%ﬁ%%d%w&tﬁr Hman 2aiECHR0

antibodies and methods of treating B-cell lymphomas and leukemias and various autoimmune

diseasesPIBEkHAPROGSRR HuhasiFEduEhYAEAE S RarrnRstcchaehibdegiddrstiPther

embodimegts ey alate it aidiResh, fLsion @Tofeins ahARIgsRIbInMngiRgreeasdpareat comprising
at least one anti-CD20 MADb or antigen binding fragment thereof, in some cases in combination with a

second, &ffidisncaRtsa ekl antiteby pentinbd( | prarethspaiticeRoeNadimsn nttfen

binding fragerRl B89 R NeRaHZEdn GREMERIC:OL BMAK MADSosNYGA 94, which may form a
2010/011697PCT/US2009/051321 antigen binding fragments thereof or antibody fusion proteins may

be admiri¥{ehEa I3l A R RIUGRIMAIHIbAfUg e Bl REsmsitishbl GmRosHBB mbke

therapeu{ic.RagRtsaWiioathary RakadiantRadiesesether RupuNReaHIaEs sl atherugmbodiments
relate to DNA sequences encoding humanized, chimeric or human anti-CD20 antibodies and antibody

fusion protERYS VBRYGHOBING HBRIQEIseEmamiRg ey Ackde Enpediferid epethBors s itling the
humanizgd gchimesikan iy nman pHineR2Q dotihadiss dRaskar ayrek1{4k DRe HTHIR: S §iee8sOf

vertebrates consists of a number of organs and cell types which have evolved to accurately recognize
foreign alBRfEIgpBSAEAIHRIBIFS SrianbnHmanid ESt BIPEI [Ifiary dRtiyaHe ™ ymphocytes,
amongstRais«atR £Hgakia s NBTURE -SSP Mn kYRR E S A 81 AINITIEG I B iV th R o
sub-populations, T cells and B cells. Although inter-dependent, T cells are largely responsible for

cell-mediHebat AR Mg TR EMERL e RN FRgREIEIHERS RFIBEIYo B dRE A5 tRUMHFA)

immunityha{3d AdiHmanse&asb B-aRllCampiaduseoan fNrRONsRYAIer, of andibady smelesles. Such
antibody production typically ceases (or substantially decreases) when a foreign antigen has been

neutralizZ8H®O¥ELSnally, however, proliferation of a particular B-cell will continue unabated and may
result in cancers known as B-cell lymphomas or leukemias. B-cell ymphomas, such as the B-cell
subtype 03)n-RodgiinGHmpindmdy aieyshgrifleanidaeadribhiiorsitoochneemmotidliB20r he response of
B-cell malignancies to various forms of treatment is, mi dﬁ: r example, in cases in which adequate
clinical SEIRRe Bt PSSR RSHEh o O e e e Rt PR e satisfactory
treatmenthSiiple wboaidioeditah oftib e qratients dehfnaamihel diddasac Delesarehali;JDRAL. Cancer Inst.
79:701 (1987).,.[6] The majorit fct}érgn' I hocytic leukemias are of B-cell.lineage.. Freedman,
e T SHIGRT SRS S Skt el i
leukemiadietisesVWestarmplaricitgdodmairet, ahjhetikemisand dntirphdthanABol ik H6)ll Dhienatural
history of chronic | hocytic leukemia falls into several phases. In the early phase, chronic

et i G et o e R S
functionalbripganypatattmadignarf B0V havingigele hgithep dch fifecsptierdevantually ctisesdoubling time
of the malignant B-cells decreases. and patients, become jncre w symptomatic. While treatment
can provid A Oy e L AT o e e B R Ra S, The rate
stages of P20 A by mpimtigyti bledinerieg anen ctharect e fibe dioy iggeidicetn tremmemichamdfoM A bs,
thrombocytopenia. At this point, the median survival is less than two years. Foon ci al., Annals Int.
Medicine 113:525 (1990). Due to the very low rate of cellular proliferation, chronic lymphocytic
leukemia is resistant to cytotoxic drug treatment. Bbth chronic and acute lymphocytic leukemias of
B-cell origin are suitable targets for the therapies described herein. [007] Traditional methods of
treating B-cell malignancies, including chemotherapy and radiotherapy, have limited utility due to toxic

cida affarte Thaoa 1ice nf mannclanal antihnadiace ta Airact radinniiclidacec tAavine Anr nthar tharanaoiitie




[009] Additional studies targeting CD20 surface antigen have been performed using an antiCD20
murine monoclonal antibody, IFS, which was administered by continuous intravenous infusion to B-cell
lymphoma pHfeid/BxePEmely high levels (>2 grams) of 1F5 were reportedRGEYSAWY/851d2blete
circulating tumor cells, and the results were described as being "transient.” Press et al., "Monoclonal

Antibody ;hradd\Biidria2d SRERU BraRY I KRR PrisRh Lot mas b Eiariifeseadiond1a1987).

However, a potential problem with this approach is that non-human monoclonal antibodies (e.qg.,

murine nfoRSEIBAATGHIBBHRMNSREIRS IAGCRhRAH BN ER PRGRETBALItCTBS Hhe p s MdBle to
mediate gaBpiRMeNRRaRdIMIHRISIRINER BitArost E AR RGN ARIRORYHeRan RNt cellular

toxicity or Fcreceptor mediated phagocytosis. Furthermore, non-human monoclonal antibodies can be
recogniz&EABGERS RUFASH & 8Lz EMBIeRIAURYD Hidibte) Papbaties rdaNReSY such foreign

antibodieg, Gan [RaRiie thecReUEHPRNE BMURaHesReNae DIRAdBgU harmidl Ryprisensitivity
reactions. For murine-based maonoclgonal antibodies, this is often referred to as a Human Anti-Mouse
Antibody PEREA] s deBHEEcfoBRIT ISP BB AR HhibiRAdiEss preferred because they do not
elicit as strong a HAMA response as murine antibodies Chimeric antibodies are antibodies which
compriseBekigufid@m two or more different species. For example, Liu, A. Y. et al, "Production of a

Mouse- n Chimeric Monoclonal Antibody to CD20 with Potent Ec-Dependgent Biologic Activity" ./.
AR A TSN T et e T SR
CD20 antigexh I5ee alsdyddGd futlicajardign D88 L4236eAN gxanfiaaly bhidweriamhtibody would

comprise mous riable region sequences attached to human antjb constant region sequences.
it Mt S e e AR R e T L
preferredinimargdesytocturthgnrpdosedthapdssizdtinef induaijgradbAMdpuredntinm. &l disduBsed below,
techniques,for Rymanization of musine anthedies by iRplacing. mrine fameviork sad constant region
sequences with corre‘%pondrlng%uman an?ﬁboday ramework and constan region sequences-are well
known inatink Bxtedinchied wezblger sppphidde ttonamidreiyspnodriogoarttitcance imntibogies. Antibody
humanizggign may,aise nvalve e subsiution of ens.ormars human framework aming acid residues
with the corr spondllng resigues from t%epparen murine framework region sequences. 6012] Another
approaclbtivht dnaib dahp poweactiva ayplity1bf extsbo the substaidibctiverdastise weatrménteafrBaoefdedisorders
has been to conjugate a therapeutic agent, such as a radioactive or chemotherapeutic agent to the
oty T e i R e ek T TR G SR BT R e 1re
antibody andinthemBbeeld antdbodiesshivie baweiakbedec with 181 1yamechwers evBiustedafor B-

biodistribution in two patients. See Eary, J. E. el at, "Imaging and Treatment of B-Cell Lymphoma" J.
e, Mede SIAPRSYAE SR 5, BRh iy B RRRARERS NERIRER Skttt
Non-Hodgkin'®utpmphemeavithoRaldip] dbe led i<l of el DB cAmtibosl o var@lin. fOmeobf
7/8:1027:1038 (1989).(indication that.one patient treated with 1311-labeled 1F-5.achieved a partial
response) R T B S .l
Lymphonhbsighkih’ 4 Bithpibetedis poshitdnoidd addiatiityo therdp Zan. [omadé. Ss 648564 c@o81). (three of
eight patigr: eivi ltiple injectians,reparted t ve developed a H r nse to this CD22
murine a?%?é%@ uk%%%@u%l %!.Té%g.&é@as(ﬁloﬁaﬁ)%%giﬂ%%%ag%n?lei%stl eoé?é’sj?n%%é rgg?rrn%ﬁ? of
Non-Hodgkin®s (#8Fhoma" Hem./Oncol. Clinics of N. Am. 5/5:1013-1025 (1991) (review article);

Press, 0. tal " iolab -Anti 1) f B-Cell Lymghoma. with | Bone
Marrow SO e S P T R e
anti-CD 20 antitod dyn&s. &tk BYeotidsitumvd o) 0. KBininwike, o Ba:eBtrahliReatiojnmmbmotbsrapy of
B-Cell Lymphoma yith 34 AN B 1L (ANIGR20)ARIBATY , NEIM 32917458, (1993) (131-labeled
anti-CD20 gﬁ#bo%@ B1); PCT prt}%fli%%e@gppﬁéa%)gﬁ WO 92 0'746%4(l ant%b%ﬁse% c%(?r%ug‘éted to
chemothélapeutithegmttsat ety dioxoeibicipmophmitomyieike rriowalieintthesys rap phostsh s eve not
eliminateg, e, ARSIacieS ASARIAIRE WU RnG LT, ABfIARdics, despile e agtpajmany patients
with lympho gwho have reCelved prior aggressive cytotoxic chemotherapy are Immune suppressed,
thus havisrglowéatignNfAraidsiare Rngioidypatdemeeiehbrhalvenaot BasHHeawilg pretreated. WO
2010101 YeRRialiHipeQ0R(0 PRk A0 Bl AMdamIbunG. Uparera iR A dnes Rdlagasgspgsociated
with B-cell disorders. Examples comprise acute idiopathic thrombaocytopenic purpura, chronic
idiopathi® et heegropamite pringly ayddtemassiny Yshils, Syafexhbeats phoidas ympisthetitadielis,
systemic yloys. BIYHRY ?%?8&"?114#%%&?&“6% ARG FRYRL PaglandYla. S¥adiRges, bullous
pemphigoid, Type-I diabetes mellitus, Henoch-Schonlein purpura, post-streptococcal nephritis,
erythema nodosum, Takayasu's arteritis, Addison's disease, rheumatoid arthritis, multiple sclerosis,
sarcoidosis, ulcerative colitis, erythema multiforme, IgA neplutpathy, polyarteritis nodosa, ankylosing
spondylitis, Goodpasture's syndrome, tIu-omboangjtis obliterans, Sjogren's syndrome, primary biliary
cirrhosis, Hashimoto's thyroiditis, thyrotoxicosis, scleroderma, chronic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pemphigus vulgaris, Wegener's granulomatosis,
membranous nephropathy, amyotrophic lateral sclerosis, tabes dorsalis, giant cell

artaritic/nnalv/imyvzalAaia narniciniic anamia raniAlhs nronracein/a Aaloamariilananhritic anAd fihracinAa alhianlitic




or immunomodulators. The humanized, chimeric or human anti-CD20 antibodies can also be used as
a diagnostic imaging agent alone, in combination with other diagnostic imaging agents, and/or in
conjunction WA hEPAHSGtic applications. [0018] The skilled artisan will realPAeTtHa2ap108132losed
methods and compositions for sequence variations with improved therapeutic characteristics are not

limited to aRfitfeBRR aRtRACICS a0 MM he-aRR!igonigiaHiRadiam %Qé)@ﬁﬂﬁﬁ?ﬁﬁdb'ﬁ%(eﬁﬁﬁoﬁi@ted
ng k

antigens or autoimmune and other immune disease-associated antigens, includi ut not limited to
carbonic BEhRRisEpmesie sy ivab s 1ot than e Beps cEPnehd. cinuais B4, Yeshcied1 1A, CD14,
CD15, CRJ§, LR 1HIEDIFuCRAH: PRt (cBRAalSmetale?, GRAR GRBRE: P33, CD37,
CD38, CD40, CD40L, CD45, CD46, CD52, CD54, CD55, CD59, CD64, CD66a-d, CD67, CD70,
CD74, CE#5amapstssEBRaoCHR s iutsiresngs, Eotngrety ad epesympExEive, B7, ED-B
fibronectigukaais bt B-ctit bifoltnlar€ dditdb 012t GoPIRE thiRfpRs HGBed HayRAXia inducible factor
(HIF), HM1.24, insulin-like growth factor-1 (ILGF-1), ILGF-1R, IFN-y, IFN-a, IFN-13, IL-2, IL-4R, IL-6R,
IL-13R, 1[998R Traqitienal mgirods ¢ WE@H&%@?H%{&IL@W?%L@%ﬁm&@mﬁﬂw, MCP-1,

MIP- 1A, M#tsth&a ! aVeldfeditdd Wiiidy MG tdMId Gide MIER B O THCAS MiCadcBthalitartdbbdeR,
tenascin, Le(y), RANTES, T101, TAC, Tn antigen, Thomson-Friedenreich an_tiaens, tumor necrosis

antigens 'TRIEES RS BIRIT ARERDFrIRek e Rt IaEY Be-PR At f4thors C3, C3a,
C3b, CHackifrs 2l Y EQORNEIRkIEGES] NG MY HEek; Zhichnditik sas abeyc Bdrml@Dd Quedher

embodiments may be directed to anti-CD20 MADbs or antigen binding fragments thereof that contain

specific MUt BREBIRESHHASHARGE S M Hirs bRl PSHSHBIE Tha e M AR BREhimeric
anti-CD20iMADf ok iese fY At Gaie g @B zed, shimslics osdadmaneaiiitCPA0 Nvies), T CDR
sequences may include, but are not limited to, light chain CDR sequences CDRL1 (6R)A SSVSY1H,
SEQ 1D NG, BB AT AE BEe D Moo Knt EBRED GO TORBT. SRO 16 RBS) and
heavy chaid 6iR¥R seieaneas GERHL (S YNMbL: Snal RN @id)hda RBIZ2/AMREN GRS ARQKFKG,
SEQ ID NO:5) and CDRH3 (STYYGGDWYFDV, SEQ | :6). 0 jous iments may
converm BISERESFABUE o W6ty RGBSR A 2t MG B SHIE 20 Mabe o
antigen hindiRg Jrpgineits IMIEDR, ok a8IsiMAb e prisikgaovahtidclord MEP)imatigaikeinding
fragment ther@?} and a second MADb. The second MAp. may bfind to or-associated agtigen, such
as those HER4BGVE FBroR R TES SR A8Ca M SIE T A TR K90 8‘3&%@{;&%52?% S0 expressed 1

2010/01 16éRa THEN R OPSIAR1B AN J1d Oifve i ¢irtbB disteniis srayxpansars diszapadticher giagnostic
conjugates of anti-CD20 MAbs or antigen binding fragments thereof or antibody fusion proteins, bound
(0 ot Iaask o8 T2 p LA EEP B A TBSTE REE A b5 A Riston proteins with
multiple thetaghelitim ageinisosd, inelsaing en difiarentdype aieoaieti@ngooipasiechrireafronative
embodim antj-CD20 antibodjes, anti inding fragments or fusion proteins may be used in
thorapeutIey s ASAL BB R ORI S oS DeF DR BALESS with one arm
that bindasspeiakdallitidBacet|indizaasejcissuch ks pathegee (e ductapMiis; Gassbeidatebitasyet
antigen) and sec.?%lﬂq arm ttga£ biﬁlds to attar%%tﬁl%e conjugate attached to one or more diagnostic or
therapeu ic ggsé)n SO EE D %rre-%arﬁ%lﬁhcgawﬁ |1§;S)'ecific antibodies are well known in the art (see,
e.g., U.S[008lenBNeBs ¢ontjilicd 4¢1T sti3BhidOdote hé4yd0d) dafD2, Bil Rzl A6 04tk 6f458,933, the
Exampleg.section of each of which is incQrporated hereig by reference), [0022] Alternative
ot LY R A SN Br (g BT B WRBE: RoBH Biding agments
thereof olyamitzegefusioitrbitifes ot thienapyi geiihBipaionefeimedambsr@DAnN. With 2ihs ex presreddther
therapeutc agents. for.cxampie. s (e aribody. companent of aherapentic mmunocppipgate with
one or more erar}'eﬁlilc agentsor a8 A NakEq anti ody, anﬁgen bin ing fragment or fusion protein
administerguicated @wbmncooniniaidbicnl withdmalgmamarB thsapkokicabgentsl sevibradiaadstic methods
in combination with one or mpre diagnostic agents is also con ated. In,preferred embodiments,
the diseele o e AR A TR o oo g T s PR mune disease,
B-cell lynplwstizted [EukbenizerBpgelf Bredlhtgohpinommediseakeneferd’to e suoiplelasshohattoimmune
disease. g3, el 75 s olermmune, disegses disgusaed ahous (60, GYHD. hyadlobyjinemia

hemolytic anemia, allose , transplant organ rejection) i e’diSease state is primarily

mediated Yypiradactidreopautcadtis ooias)jratihed thabdlicautorgsataeidjégmphadydesssor by a

combination of, B- T-cell immunity. EF DES Tl E-THE\FIGURES [0023] FIG. 1.
Variable o SoakE S (AT 06) e VB L7 S (AR w2 SP 8- Defmeric
anti-CD20mantib&dy 3TheOC D R begidi) pequean of 8 @rdIsldglin 'inpatkh sntawntedio éady Enalamino acid
residues and the nucleotides are numbered sequentially and same numbering system is used for
humanized V sequences shown in FIG. 2. The light chain variable region is shown in FIG. IA (SEQ TD
NOS 7 & 8) and the heavy chain variable region is shown in FIG. 1B (SEQ ID NOS 9 St 10). The
Kabat numbering scheme was used WO 2010/011597PCT/US2009/051321 for amino acid residues.
Amino acid residues numbered by a letter represent the insertion residue according to Kabat, and

have the same number as that of the previous residue. [0024] FIG. 2. Nucleotide and amino acid
caniianrac nf thae hA20D linht ~rhain hA20\/l (1 2A) (CEODO ID NO< 11 Q7 12\ anAd haaw, ~rhain



WO 2010/011697PCT/US2009/051321 after a two-day incubation of heparinized whole blood of
healthy volunteers with veltuzumab is shown. Each line represents a different blood donor. Error bars,
SD. [0030] M@ 281068114¢R7al curves for veltuzumab in a disseminated BurkittROVHPHEME I2hograft
model comparing intraperitoneal versus subcutaneous administration. C.B. 17 SOD mice were
administeraditspXde7, Rausi Galls invs R EAAhdhemrypuiltyeliuzrpahibeas e dayd with mice
receiving either a single i.p. r single s.c. injection of veltuzumab. Doses administered were 60, 20, or
5 kg veltsah2eehttonshicd 1abeRAS LI PUMREREH Bt OBk e 35 g bmibetyc
(labetuzumph, RBldEACA PLarePiREs MAle BRAaRtReA VY [AR3E] &l iPoliRe SRinisaal £festive dose of

veltuzumab was determined in a disseminated Burkitt lymphoma xenograft model. C.B. 17 SCTD mice

were adrit8iBEEFEFISR | ERBRK eetls I\ o bdy Yedntrdy Wit Worbstihsbbedakdi- day 1 with

mice receipngzasingle (10o8ierHR Of NelluzdmalcBases A iMsiREe e RES R BodRs0. 1, or 0.05[lg
veltuzumab. Control mice received a 200 RL i.p. of saline. [0032] FIG. 10. Representative survival

curves of RfERehBREedias annRaier el ceredivishtrhiampspeaieakithogarhigs it tistes of
veltuzumabletiife dnd Aiid RSP HRN& adlpiisierei B hGIPrValcrCil rels forANclay &10N day 5

mice received a single i.p. injection of veltuzumab at a dose of 35, 3.5, 0.35, or 0.035 kg. Control mice
received ]dﬁwléodﬁﬁe%“ﬁ)%%fm@?tf PrRREEHEG biPgEpIERHEIRIR: ALIRCARHIHE (R BpYRISHA

anti-lympingiia Sy, Was B eeRSREHdRa AR IRUEBeKieBesld RéedfuTicR WeRScamiptagiaiNK and
neutrophils as described in the Methods section and injected with | x | 06 Raji cells iv. Therapy with
veltuzum‘élbr'ﬁ@d’an on day 3 with mice receiving 200 kg veltuzumab iv. on days 3, 5, 7, and 11. Control
mice recepsqd 1Aaditi saliredR0sdLEties EDHBeumdhatiasiinetesn-peetirmbnabifka jag)-was
administered to najve Swiss-Webster mice either via the i.p. or. s.c. rqute. Animals were bled over a
14-day pStid S 88 AL 35 888G ettt Ak SHEUAR BRSO B EFELH BB M ELAMB e 11
(N=6). [003b§ibHGo B3calEl{uaptioaty isamore. effectiveIharkileximabineentiadiingiheegrowth of
lymphoma in vivo in SCID, mice. SOD, mice were inoculated with Raji cells by tail vein injection. On
days +5, FRO(1SYE %Fr‘ﬂ&lif‘ébt,otﬂsprlﬁ%emfé}}iﬂ%}&é té]im%rr‘?ﬁl[?&i Qﬁ%r@é?ﬂﬁ%ﬁﬂﬁﬁfﬁ% arr'"e
mg/kg/doseankiaatnm@etidthlvelManoeadn se 2t dy aEigmitica0th nrgesMé py of Human B-
2010/011697PCT/US2009/051 lative survival time compared to tregtment with an identical
dosage o LTRARTERE 00087 OCAETER! 140 K iarer LERHARAL P BTG Hesponse (OR)
and time dpppsactesshan {dnr k) fen2ddadicodar ymitpdtisda gspoadecsitrvdionsn stititiesiaf)veltuzamab
effects in nan-Hodgkin's lymphoma. [0037] FIG. 15. B-cell levels for NHL patients treated with
veltuzumtglgﬁ??\g%ﬁiégfi(r‘ﬁud.g%léeﬁ%ﬁﬁg% ‘é]]L'ﬁf‘iﬂyaf'Baé ?%éfep?fbaﬁ’t% ¥ﬂr@§%%&e£?§1% 4"t 4 and 12
weeks |latRipdingsn eltySts oREe iniaivakafgst wplto thebupdnthebaierdassidfusiesn dMr ToxlicEDor Fe-
DESCRIPTION OF .HEdI VENTION foirlgions 0038] As used herﬁin, n a.rt}tigody refg:-rs to a
full-length R h ARG LIy DR FRG B fo By A AT ARARSHBBEIMA Y SHE TEGFRERD P°
recombinateorial 4axbbe she s immtinagiobudbreipo leouén(end, taerd e ardfeatty) iajeatidmrofinathgically
active, antigen-binding.portion of an immunoglobulin molecule, like tibody fragment. [0039] An
antibody FRJRREHMEOR 55 AT b e, A 5 hopbiy eadiie Ele B0 ey and the fike.
Regardldsgpefssitsicivitg reat andidh oByr fragmneritabadda miith] thel sautiisod g eristhadfieneefegrided by the
intact antibody. For example, an anti-CD clonal antibody fragment binds to CD20. The term
"antibodya?r%dg[]%lﬁrélﬁp‘ a stg}i{?wljg usaeAsni%o gl%ﬁ%r%@r%iﬁ%p (%lrsl%isting of the variable regions, such as the
"Fv" fragpb@h0y diesisting dfitharicanablediegiopstfithé heauyeahdyidghnhohelies, aesmonginant single
chain polypagiide molecules, nawhich fight.and heavy variabic reglons, are connecied bg pepide
linker (ThcFy prof:e%sn‘i, an 1r%"nnlmaf recognition units conS|s%|ng of the Amino acid residues that mimic
the hypepatiahiefragiono Asrmseddiffesint theciesmFantizoayldrdgmentY deed ndtricdenpdriions of
antibodies, withayt antigen binding activity,.such. as Fc f ents. 1004 aked antipody refers to an
antibody CAr o e e R & S e G B R e oo
portion ofttevaptidotyrmotdcliBd Mg Proatizoefesior dasoiions nsucie/asmmemgienseict ditdtooky and
ADCC (antibqdy dependen cytotoxici hic tynechanisms i jan that may result in cell
lysis. Ho%gscgﬁégta%a%lggz%lgﬁaq %&g‘%gg 'p%%&vxs% Eéﬁggﬁ}%ﬁ)&rrﬁiﬁ&u |%:814‘1u9§c](;%0%flwith other
mechanissesnplach dsragoptasispdpmingd ctonpeye Makedantibtdresi onasgdoehede polyicddrial and
monoclo?l%l anti%%%ie%,as well as r{acombinant antibodies, such as chimeric, humanized or human
antibodied. WO 0 1&%%&?&)@28685?8@%21 [0041] A therapeutic agent is a molecule or atom
which is administered separately, concurrently or sequentially with an antibody moiety or conjugated
to an antibody moiety, i.e., antibody or antibody fragment, or a subfragment, and is useful in the
treatment of a disease. Non-limiting examples of therapeutic agents include antibodies, antibody
fragments, drugs, toxins, nucleases, hormones, immunomodulators, chelators, boron compounds,
photoactive agents, oligonucleotides (e.g. anti-sende oligonucleotides or RNAI) and radioisotopes.



[0042] A diagnostic agent is a detectable molecule or atom that may be conjugated to an antibody,
antibody fragment, targetable construct or other moiety for delivery to a cell, tissue, pathogen or other
target assoEdWith1a%disease or medical condition. Useful diagnostic ag@&/ &S bixlare not
limited to, radioisotopes, ultrasound, dyes (such as with the biotinstreptavidin complex), contrast

agents, flepEICER GRMNIRHAC DEMAaEBIES:a0e\RANARE REAIENIS SR AAMALIS G IeN g for
magnetic resonance imaging). [0043] An immunoconjugate is a conjugate of an antibody component

with at leBRHE Bhatdpdisiesor Hiadhosaacsigant AR ETHBElYLBPmpBrREHERS Ay B eBAtiGeR with
multiple theranaidismanefasdizgepplimaasnthéafatanimnuwiacaniugaiss Keddlctheiarm antibody

fusion protein may refer to a recombinantly produced antigen-binding molecule in which one or more

of the saffeBIPARERSIERRY SRIRAAYH RGP Bt AT AGHER S RYTRETH & iYs e edm &or

different gpegifighies.aeelivkagpivalen ey pbibesTHriARLLiRtei AbeicaiashRY Mamyhigding arms or
sites the fusion_protein has to a single antigen_or epitope; i.e., monovalent, bivalent, trivalent or

multivaleRE AR AR VRIS I HREVERB S IS S RBR R B AR M e AR AGE of
multiple iptgerelionshimbipstiRg fonam antigeneikbhikegasing tnaiavitinehbirdigde the antigen.
Specificity indicates how many antigens or different epitopes an antibody fusion protein is able to bind;
i.e., mondSPELFT bispecific, trispecific, multispecific. Using these definitions, a natural antibody, e.g.,
an 19G, isgozjens haesabiss: dabRshivaRindiiegaabditiig yanaspesitc tacaasectikingdsho one
epitope type. Monospecific, multivalent fusion proteins have more than one bjnding site for an epitope
but only %ﬁ?ﬂmﬁ{ﬁ 8%%‘8%@[%??%& HAS R IBERTA HRAF COIMPAREH SHSGR- aNEB S8y EBHBSHERL, a

multivalept eigidtiispgeific cormpinatianatidiirsntamtinady sampenesised mukiptesepias of the
same antibody component. The fusion protein mﬁy additjonally comprise an antibody or an antibody

fragment 2§ R AR GERtCERETHpIES YRS g et RRABRAIGT BA¥h%on proteins
include imsweomiekiatars (arsibedyamntonbragdiiaterciusion piaiesnty aseetexins X Bnehady- WO
2010/011697PCT/US$S2009/051321 toxin fusion protein™), One preferred toxjn comprises a

honuciod 24 HIRALE)  FAMFL Bl HTHERTEN Ao Vi Aot on B b ihator fusion
pro_tgir(lj i&w@,ip}m@mgfjﬂoléin@l,,Sdlle’ea&&étisb"fg{afaziﬂte_fﬁm[o Lflg]@gm@ﬂgyaqﬂmwf mﬂénqltivalent L
antibody or spe antibody as descrihed herein.. ultispe ntibody is.an.antibody
that can ﬁﬁ%ﬁ%ﬂ?ﬂ%@ﬁ%ﬂa@éﬂ% %\%&’8 ets Fa%e”fﬁ@#éike@ét%%%mgg)gg FHfferent
antigens thatodifierenttepitepts ol tHe samel dRt erhioval hapienlasdjonan; Gigenber<ptoge. One
specificity may, he for.a B-cell. T-cell, myeloid-, plasma- or mast- ntigen or epitopey,; Another
cpecifcit/ iy BarES DA SR S AL GG LB B o S EH B Crion. (023,
CD37, CD4tee 161102 ©Iord8dofiDB0ibbdy' DRCGR UMD 9485522 199 B-oiltse Mudtignecific,
multivalent antibodies .are colnséru.cts tpat have m re han gqne findéngﬁitwnd the bir%din sites are of
different BPRELS FoGksTA BRISSRIFISRGBERAT IR ARk IR C A A iNH STHARAIESUER to two
targets wiibareiohédfeient stragisbalip ieferrekladinkbd sdekisy itpedifia dnitiodiag{bsAb) and
bispecific antibody fragments, (bsFab) haye at legst one ar at specifically binds to, far.example, a
Bcol. T L Rl LAY AR L KBl A PR TeAs ST TG L thot
specificallyobindsev antargelab recngiiedhat bRadsberidpauitody diegapsie Bgeeil. Improved

Anti-CD20 An 'bodies.%) 47] Advanges in medical therapy,during the last ten ye ave witnessed
e irod B L L S R SR e e e i e e, o
Cancer J324in.720069 36276 PAR)) MObtatkthé aeth€DDiologiealytiEfapeliits arsitusednsbgombination
with conventional cytotoxic drugs,.indicating that th i ies require additig easures to
orove T e e R AR e A AT R TR
anti-CD20btndaldbabghtiiBdy (A9G)4b@t 1988 apDidubel dditiallyCGi324 moibotheBalpyH6fTthe treatment
of non-Hodgkin lymphoma i t al., Exp Hematot 2008, 36:755-768). Rituximal is well
noun miAdEL AR A S ATE GBS (ST et ORl: SRR P
Patent Nesdbxo8ih k37 0ob Mt6MpEn b, 3006 dr, 6heSS (phB ©1846 dvihoBasaiharedhie shccedss efforts

are undepuaytodntiaguce mprowed antaRe0 anbodies (Slein ¢ 4 Gl CAGH R6S, 2994
10:2868-%?; eeling e af’., Blood. 260 i 2195? B : ugmeys?elyé)t alf, IMmunother. 5005,
28:212- 218y hivarmevad. pAona@unesti 200803 (Supphdhabpiract B8mkaorengpeteakedtbes99” Ann WO
2010/011697PCT/U /051321 Meeting of the Am Assoc, Cancer.Res, 2008, abstract | B-70;
Glennie SMTEA T L LE 2057 IS MBSt B Peioh e R B S AGSS ave
intended to reduce the murine components while enhancing FcyR or complement-mediated functions
(Glennie et al., Mol Immunol. 2007, 44:3823-37; Maloney, Hematology Am Soc Hematol Ethic
Program.2007:226-232; Martin et al. "S'emin Hemtnol. 2008, 45:126-132). One of the first
second-generation MADbs developed to mitigate the infusion-related reactions experienced with
rituximab is the hA20 MAb now termed veltuzumab (e.g.. Qu et at , Blood 2008, 111:2211-19; Stein et
al., Clin Cancer Res. 2004, 10:2868-78; U.S. Patent No. 7,15, | 64, the Examples section of which is
incorporated herein by reference). Veltuzumab has a shorter infusion time than rituximab while

indiratinAa 2 hinhar ~raomnlata raennnee (CR) rate thanm hace haan rannartad far ritiivimah (NMoareccrhhAarlicar




NO: 14). [0053] Chimeric anti-CD20 MAbs or antigen binding fragments thereof may comprise the
variable region sequences of a murine anti-CD20 antibody (or derived from a murine anti-CD20
antibody), aWAtAEd/8d 168an antibody constant region sequences. In prefePlEHERNSETHEts, the light
and heavy chain variable regions of a chimeric anti-CD20 MAb comprise the CDR sequences of

CA20VK (G531 IANGBhand SRV FréRMIDNG: L SNV AR BAANdidBddost preferably,

the chimeric anti-CD20 MADb or antigen binding fragment thereof comprises the light and heavy chain
variable FEtiBIP S8 GOBHEES 8F HAIHORABIE BuipMRes BParR CRYRVM ¢BieeqisiNesthig). [0054] Certain

em bodiMﬁmﬁlﬁ&yﬁge&ﬁrﬁ@w@a&ﬁa{&&%@cMép&hﬁaﬂgedh@ﬂagiﬁ@imﬁr%rm@g,eof, having
substantially the B-cell, and B-cell lymphoma and leukemia_cell targeting and cell binding

characteiStE8 i WRHY ARdhsAre B o WrRb NGRbEE nThsa atir Eexre Relyatapitiassyidredidhe chimeric
and humagired patifhRRUMAbS-aaiaboM R IRIESHE R B HPRSH Qitsiensediments saay

encompass antibody fusion proteins or antigen binding fragments thereof comprising at least one

anti-CD20°RIAKI b eAHGER BRAMTHITrAGhIAN st sas dlisenbairetssvE e QifiBthy asion protein
or antigempinpiegdeaemeshitameelisiisainie poleck @ Sacenmnasrifnantikodvdpsiopaaiptein or

antigen binding@ffnagment thereof comprising at least one first anti-CD20 MAb or antigen binding

fragmentRNEAEIST IS AedesbaniabiiReineaditits: GRedeas ot s I tyOmBRd&Ey fragment

thereof, Qfhieietha) S18.aaiiCHZE-MMD NiaRHosI L dingJiagmetihekeoiiyestiibed above. More
preferably this second MADb is a MAb reactive with B7, CD4, CD5, CD8 CD14, CDI5, CDI6, CDI9,
CD20, cé‘iﬁ%ﬁ?ﬁ?@tﬁ%f@ﬁ?& EBSBICRIRNIEHES: BYERY S SAIERAI TP, CD45, CD4s,
CD52, Chb&4ckdndhiis; P&Apki RO (T4dFid, WG LI0n el 20516 Ddsinb ahdld Giepiditth (t EACAMS,
ED-B fibronectin, Factor H. FHL-1, Flt-1, Flt-3, folate receptor, GROB. HMGB-I, hypoxia inducible
factor (HAEYY RIfARNIEA2IRE RS LRSI rERRmn ARstas BERES) ARSI PR BRSURIA RSB ceptor
(ILGF-1RndmiNr\tafidNyapiderdsdivedRorhbrondbhtdfs ald HbsihglaiRedlitit SRhHnfbstleSmthoh2, 1L-15,
IL-17, IL-25, IP-10, MAGE, mCRPd MCP-1, MW-1A MIF, MUC1, MUC2, MUCSTMUC4, N%‘A-%, la,
HMI .24. FFEREHRS BERSSEHROT IS SYRIESFTUFRAN RSN RGER, REER BIEE S HPement
factor C5uppeeantanengRienpiotici e, ckiass aMhb Teheds Zafoction) aichaosinatienthereof, and
even an anti-CD20 MAD that is different than the an,ti-CngsgAb described herejn. [0056] The
humaniz&8, BRPIBFACSFANmAY RARS Yntibt5d§ Tha) PO 8 BBRAHAERE AR Bifting with the
epitope, asanal astaintitume daedsas thBteelaasti@its saglalesuhain ChRavustatofuang madipulation of
the CDR and other seguences in the variaple region to gbtain a superior therapeutic agent for the
roament OF B B RIS B PR T3 AL 8] AERSHHAGIE ciseases

and also attemimuimeldediseases involving B-cells (GVHD, hemolytic anemia, organ transplant
rejection). Ami cid Substitutions J0057] It may also be desirable to modify the amino acid
e L RS oA e oI Ao R BB B BA B AT R e
cytotoxiciyrpp¥iioh amdanehosldnseribeteparte sticly ot txiady (i Radm@neoroglote kimwinagcid
substitutipns or.the introduction of.c ine in the Pc, region may de, thereby improving
ternali SN AT A TR RSl EU S AL DER A L GITAE S RERE. See Caron et
al., J. Explidedeit A6l 1hasp(aRQiipandiBhepeszBion Y phinitwiady §4@:3843-2022 (1992),
incorpora%ted h]eretir%. b1¥ reference. An antib%)d fuséon Eé teti may be preggrg%d.tht%t has dual Fc
regions with Both en a?r'\ce E%%BP%%HPWE} ShaAD cap%l |ﬁt'flées.nf5 é‘ﬁar?ﬁ%s to the Fc region
to enhanpetieflegicalfsmeiiosoateplhen aBtibdtlybiy nctiddiak dhtheagierist gainave ibesreraported (see, e.q.,

Lazar el Proc,. Natl. . 3ci. USA 2006, 103:4005-10: Stavenhagen et at ,.Ca es. 2007,

o1 -a882-QO IR e R S sg ot AEE s LT e i e
166:2571H7&Y a6:d shyVsuatukn o g/ rdyic A 8 36 i i stiidioner aayl benspilizedriovithe claimed
methods itjigns. For ex le, replacemen serine yesidue with.an aspartate residue at
Kabat posmoﬁc@%B %sé%gfe%gcrizﬁc? ogé%%%héﬁﬁigeg@ % g‘t%bt@igg?g’rfgﬂaﬁ&k{%. tb&titution of
phenylaldmins 248/ wWiBOreutirizy 2avgirtned28R with ptaline)pirodihe:8000WiRh08uzihe3\&line 305 with
isoleucine and proline 396. with leycine als ! imize ADCC activity (Stagenhagenet al.,
20007). %?gﬁ}neetﬁl?b t”?'eg}lhe% ”v‘&‘.ﬂ? g@@%ﬁgﬁag iethionine 428 with leucine resulted in an
apparent increase in serum half-life (Hinton et al., ibid., 2006). Substitution of lysine 326 with
tryptophan and glutamate 333 with serine appeared to increase CDC activity (Idusogie et at, ibid.,
2001). These and other known modifications to enhance antibody physiological function may be
combined with changes to variable region sequence, described herein, to produce anti-CD20
antibodies of improved therapeutic characteristics. [0059] In certain embodiments, the disclosed
methods and compositions may involve production and use of antibodies or antigen-binding fragments
thereof with one or more substituted amino acid residues. As discussed below, methods for making
monoclonal antibodies against virtually any targetGantigen are well known in the art. Typically, these
result in production of murine antibodies against a target antigen. As is well known in the art, the
antigen-binding specificity of murine monoclonal antibodies is determined largely by the hypervariable

~mnlamantaiithyy doatearmininAa rancinn (CNDER) caniianrcrac Miirinae antibhndiae Ananarallys romnrice & CDER



WO 2010/011697PCT/US2009/051321 [0063] Amino acid substitution may also take into account the
hydrophilicity of the amino acid residue (e.g., U.S. Pat. No. 4,554,101). Hydrophilicity values have
been assigr¥@ WP Acid residues: arginine (+3.0); lysine (+3.0); aspartB¢ (G OP/¢tldamate
(+3.0); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5
+-.1); alagimgaNiQARY oHitAE FRYENYSENE (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8);
isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). Replacement of amino acids

with othet@0dPEiifaPisyeRbBFRIONPI R THUB Hota 8 21006120 tHebedifsideiations include
the size ghHR ABIREMAGHh SHe Ehdkte6OW RXaMpISy WD ARRes R AelbEcRrafepad da Leplace an

amino acid with a compact side chain, such as glycine or serine, with an amino acid with a bulky side

chain, e.§MBSHBHMANE PHEFEIa NaTEeR: BRYSABINISHHR G REfRre Sidiite shinrberrséicBndary
structure jig pl&s axeansiderations ol empiteah sthdye shaetiest b diffsrent@prps acid residues

on the tendency of protein domains to adopt an alpha-helical, beta-sheet or reverse turn secondary

structure W& BaBHFHatTrhRa e i<hersATA N A LIy §OmPRISE % REKRIAHrepig, at
Biochemigiiyat k334 enaAb wiRES o) Fo R Y. sBIOSHEER. with: 2Ddsal Bitd 7R BIOPNSod-186:367-384).

[0065] Based on such considerations and extensive empirical study, tables of conservative amino acid

substitutitHis HATERIEET G SRR RARFA R thFes RS AHAt SR RoF EXaRIBR 2 AR IRfE Ut 9kine;

glutamat ghd psRaRAEISETRE RNGHUANANG 1 kahiNG AMReasRIAg NG ANt alinesHakcine and
isoleucine. Alternatively: Ala (A) leu, ile, val; Arg (R) gln, asn, lys; Asn (N) his, asp, lys, arg, gin; Asp
(D) asn, Jidt By bepeiprae E%Fh“(iﬁ}lﬁﬂ}?‘éé%,‘%’%|Ba(§7‘ﬂﬁ¥,eééﬁ}lii§1§/r€(§‘)t%ﬂaﬁbﬂ¥§(‘H &4, gin, lys, arg;
Hﬁ (l() \;é}bdﬁ@fnilﬁiféuﬁﬁtﬁu{ﬁiﬁsl@lstcﬂ;éh\?ﬂblmﬁl(/cﬁ;aikf]w}@ﬁﬂ'|%ab¥§p@§)tgjl?s.asnﬁ arg; Met (I(VI)) phe, ilrtla, IertlJ;
Phe (F val, ile, ala, tyr; Pro (P) ala; Ser (S),.thr; Thr (T) ser; Trp (W e, tyr; Tyr (Y) trp, phe, thr,
ser; Val m}ﬁé IERF HRATONRE s RpsT RatAC st datys ard?‘&f‘rtp{n%)fE%ﬁ@%&ﬂghtﬁﬁiéﬁ]so?ﬁ%ﬁude
whether arssetithipnestddtia theaiegkinikigdnianonat apintedmples salviept eI s tbtboicGPR
residues, the residye in the free antibody would normally be assumed to be solvent exposed. For
ierior bR O e LR BN B KR R A BN THR. Ser and Al
Thr and Alafétedasnaiiodyintie Qi \akirMadaanit 4 slay isch adwdeiee doghentbMat dBheanpeeTarablyr and
Trp. (See, e.g., PR L website at rockefeller,edu) For solvent exposed residues, conservative
SubstutBACELI TLTIE K3 hdl AUTAASHUATE SO B B CSREaAD A, Bt As: Ala
and Pro; taw@piefeshslAlndanseSef, 38lemand leys, $re dochddmidsybeatdinikered two or more
2010/011697P T/%S%%QQ/ 51321§.r%; ;/%I[;nd Leu; Leu and "(f; lle and Val; Phe and Tyr. (Id.)
Various Hfices Rsva B e T R 0 L R P L G R R &Y Shiihoy bt SRR SHSh® Wlch as the
PAM250 seoBng:akatiparD Byt off caadiix d(seasthening at o ytkegoblafmaloixa e adtilegrizatrix, Henikoff
matrix, Miyata matrix FitcE matrix, Jones matrix, Rao matrix, Levin matrix and RisIeLmatrix (Idem.)
[0067] |np<¥8 C “ﬁn?ﬁ‘é‘la%%i 8 SRR B nE N ?ﬁé‘y%f%%o‘?ﬂ%‘?ﬁ%P{r‘fﬁ%ﬂf&%‘/ﬁ%@ SFMitermolecular

or intramidgaettdn bonds, such as formation of ionic bonds (salt bridges) between positively charged
residues is, Arg, L d negatively ¢ d residues (e.g., Asp, Glu) ar disulfide bonds
petween Py L e e, oM o LS e P A BN R g ERineric.
HumanizédeofHuayae Anhibadies, 068} ectnigues addbpdépatingbindnoabnal-ariketliemedgajnst

virtually any target anti are well known in the art. See, for example K{)ﬁl/% d M&%tsein, Nature
bt e BRaP e  R p sat
pages 2.5sIB2c6lI/nfdbbnavidikeyabd Saosndratis. dswdeshs, moweoltianadhentibedies canlbmgBaicikd by

injecting mi ewm ompaosjtion comprising an.antigen, removing the.spleen 1o obtain
ErlymphORES S e B Rt R S B e SOt ST AL cloning the

hybridomas spédacticjgepositisensitins savtaichvird diice sextibedias hortittiaitig@he dulmmegethe clones

that produce antibodies to th igen, and isolating the antibodies from. the hybridama cultures.
10060] VLT Con e e, Ry e ety T el Woi-establisned
techniquestmehascldiject techuhics dsnncly de dffirelticimomdtograpkgdwiitifeitsierAcB eloinarose,
size-exclusion chromatography, and ion-exchange chromatography. See, for e le, Cgligan at
pages 2.0 B TR AN O B MR S e A o e e M obuin U
(IgG)," indukEArHORRSHitApkDLiE dlARI B G e MO bs 10 apabesy As1@dpibetimpana Press, Inc.
1992). [00701 After dhe. Il raising. gl antbodies fo.he mmunnan, the.apthodicg.can, b sequenced
and subse erlllﬁy prepared by recombinan echniques. Hu dniZation o chimerizatioh of murine

antibodied zame airtigsays fragrm e nts1 dna adel | theeypy totthoderskilibddreshetbet. tRoapxamplgstiaimanized
monoclonal antibodies are produced by transferring mouse complementary determining regions from
heavy and light variable chains of the mouse immunoZ2lobulin into a human variable domain, and then,
substituting human residues in the framework regions of the murine counterparts. The use of antibody
components derived from WO 2010/011697PCT/US2009/051321 humanized monoclonal antibodies
obviates potential problems associated with the immunogenicity of murine constant regions. Chimeric
Antibodies [0071] A chimeric antibody is a recombinant protein in which the variable regions of a

hiiman antibhAadyy havie heaen ranlarad by tha vvariahlae raninne nf for avamnle a moirica antibAady,



Human Antibodies [0073] Methods for producing fully human antibodies using either combinatorial
approaches or transgenic animals transformed with human immuno globulin loci are known in the art
WO 2010/0M@37PEO11%9%52009/051321 (e.g., Mancini et al., 2004, New Micf63id1526084%1.323: Conrad
and Scheller, 2005, Comb. Chem. High Ihmughput Screen. 8:117-26; Brekke and Loset, 2003, Gun-.
Opin. Phgmagahdmddodldrd fely Rumanantilesiaiss aambe senetinieddoaraetis fko be

chromosomal transfection methods, as well as phage display technology, all of which are known in the
art. See fhiee A FIBSNISEGHRM 25enNalRRe SnecsEY 58N Iy tisy iranRs s 8stibodies are

expectedyt gxhibi/svand &ide wfactzthanchippricadinanized or human antibodies and to
function in vivo as essentially endogenous human antibodies. In certain embodiments, the claimed

methods A48 bbe dkirdedAdipaningl Fravize i ihe died pestitiedrrey W sPREAHIRSSM0074] In one

alternativegtharhage iRlIayHELhpEWR ThaY.peuiseth i eeAsHRte human ANEDesliasi(€D20
Dantas-Barbosa et al., 2005, Genet. Mot Res. 4:126-40). Human antibodies may be generated from

normal haRiRAdie: #shimay PaArplied OarbRdisaAraing afendEneipssqintydantigsreor

(Dantas-Badinsaudk ahd2008) il iR RAYRBIAEa R SarstiHE e ) wori asthedies framesiseased
individual is that the circulating antibody repertoire may be biased towards antibodies against

disease-S8RM AR 6651 I SrfeHon-ifhithg (iR orithis h&tfddhedyPBantas-Barbosa

et al. (2009) gNAUWCEE D phage Wspbydiwayotinraabab eniodyragaenss (roomyosteosarcoma
patients. Generally, total RNA was ohtained from circulating?blood g@@ﬁ@tﬁgd')' Recombinant

Fab werd-daflet Homh th& by ity K'dhdin GRiBoby A ftdires S & PR display
library (I@Dm&r;?@f@mgrfeﬁmﬁ@mm,s@deiag?t?hn(aks&@b)ee(),mbgbcmalm@gmsp;e,cifilc |
primers against the heavy and light chain immunoglobulin sequences (Marks et al., 1991, J. Mol. Biol.
D221 B Tinfal) Siriebietioh s aukolel R IAEFE AUk bt Bl 680 in: g
Display LfahgéatappMacrOBaleeos-al. Hass)iaRtheditiae fseadd SnimoNerar Laboratixy Press, Cold

Spring Harbor, NY pp..9 9.22). The fin Fabé m ere digested with restrictio
endonuciEqal &E%éﬁe@ﬁ&iﬁéﬁi&e fopha E?\gé’he&%&ﬁ,ofhiiﬁ#§pﬁ; b]rg%:ihréry. Such
libraries mew, be-sereanedsiy Btafidard mhage dispfayimethidesaspknonAGHedrR Phagedisplay can
be performed | [ f for fo L reyi 0., Johnso d Chj Il rrent Opinion
in Structtﬂ}ﬁ> B{I%Iglgif%%ﬁ%??%@S&L':g%ﬁlfﬁ\ébme@ﬁn}ggﬁé&g ’&%’r?grﬁgﬁﬁg&#%ro activated
B-cells. S¢eAJIR RatesdiNos:($)SRARIESNG F)229 2AC5TthenExamplesiseatiBricateaithof which is
incorporated herein by reference. The skj arfisap will realize that th t E@ e exemplary
2 Ay RGBT e AP TES AT BT s A S FNABY i H s FORES may e
utilized. \MORQboiplehodhi PLcTotd £200FAFIRR TR (B)] indoatoeeadtprodibtee, liiahsgenierpjmals that
have beﬁ%pging}icallﬁ/demered to produce human antibodies may be used to generate antibodies
against esserit Efg yf hogenic target, using standard immunization protocols. Methods for
obtaining DR ariikadiedi fiemstransge dicetiebtarm tHeEased Ay sGieen gtalbiiNghgre Genet. 7:13
(1994), Lonberg et al. ure 368:856 (1994), and or et at, Int. hnmun, 6:579 4), A

on it PR P LA B Rb At e SN SRR & TR BE S P DN,
Methods i3 1iaR 3nncniiper aiech eeein doyi €26 Nd@)HrorheAd iyeAbs (arebedniimaiAjed) the
XenoMouse0 and similar anim use. anti enes have been inactjvated and replaced by
functional HTSEH oS00 BereL R e T e S BB Se T Bt A meact
[0077] The, XehodHoingED R asjtramsfoiDERI witR ABRSINISS-HaniigQreéD XAy, (@ERLArtificial

chromospmes et contsiisdaarians EHP MRARENBIA 19ka003 op-nudiaa b maiorty of the

variable region sequenc accesso nes and r ry sequences. he filman

variable DR sagartesr€ ikl beS¥dad kh §EQerDtA Gntibh GYRHAAIVBENCRINT, SYINCKREYhe
processegdint idom j M;r@é@ immunized with a target antigen will
produce Sﬁ&gré] ﬁé&éf@%ﬁ%ﬁ%@#ﬁ respons Uvﬁggrr%gy be harvested and/or produced

by stand§@02eL Mugoesetibodasedtaboyecohaen iy pet fians odenaMotiseds) faxtoayaidatile, each of
hich is capanle,of radycing a diteren lass of antbady, Fransaenieallviproduced umep anibodies
have been SHown 6 have herapeutic potential, w |égreta|n|ngg[ e’%ﬁarmacoﬁlne IC properties of
normal hoongpriamigodias ({@p2endAdl or188Pehiedikidl échartesanhaitiofeali e thedrttd d/AdiniEok
compositigns ethods are not limited to use of the XenoMouse0 system but may utilize any
e R R B e e R R R
2010/01169ZR@PpE $2009/63ABR k Srpgattion of Antibody Fragments [0078] Antibody fragments
which recognize specific epitopes can be generated by known techniques. The antibody fragments are
antigen binding portions of an antibody, such as F(ab)2. Fab', F(ab)2, Fab, Fv, scFv and the like.
F(ab')2 fragments can be produced by pepsin digestion of the antibody molecule and Fab' fragments
can be generated by reducing disulfide bridges of the F(ab’)2fragments. Alternatively, Fab' expression
libraries can be constructed (Huse el al., 1989, Science, 246:1274-1281) to allow rapid and easy
identification of monoclonal Fab' fragments with the desired specificity. [0079] A single chain Fv
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[0082] Bispecific antibodies comprising the antigen-binding variable region sequences of any known
anti-TAA antibody may be utilized, including but not limited to hPAM4 (U.S. Patent No. 7,282,567),
hA20 (U.S. W&eptdid19D51 164), hAI9 (U.S. Patent No. 7,109,304), hIMMRSSH {8269 0&kEHt No.
7,300,655), hLL1 (U.S. Patent No. 7,312,318,), hLL2 (U S Patent No. 7,074,403), hMu-9 (U.S. Patent

No. 7,387g028). OB odiRAaHh ARRIGRIRMMNApdIH3EH AAOMIMN LS Ratenicisn(p.676,924),
hRS7 (U.S. Patent No. 7,238,785), hMN-3 (U.S. Patent Application Serial No. 10/672,278) and hR1

(U.S. ProVi&iBhal pitart Rindieafios aats s 0n A5IB08Y fiksiph oise)s thaurd 40Isa ¥ @on of
each citegifajRntiohanrlisatiarlncaiparaissshergismby Aeterears JRPR3l SAtherantibadies of use may

be commercially obtained from a wide variety of known sources. For example, a variety of antibody

secretingMyBREOREIRTIE QAR RANIE RS M ARIERERPIscAtaRTFeERAMSEd o AN AT INfanassas,

VA). A lagge Biimbefs Ofhaniiodios paainstvaligusodiseasena fERincis Ivoia SUpRAEIHNHRY 1R
rumor-associated antigens, have been deposited at the ATCC and/or have published variable region

sequencd&edril HEReHSHIE HRenestin Rt gRRg Mrtiedid A RpRip osifisiusrssEi% g., U.S. Patent
Nos. 7,3%h3 ki 282 28 é afnl BhilSidd? QEédifioR1y/108Q80 i HAR61hA%: 814N f45,132;

-k ociated Target antgén) ahd 3 second arrn-that binds to a thrgetible conoate " ="
attached to one or more diagnostic or therapeutic agents. Methods of pre-targeting with
bispecific antibodies are well known in the art (see, e.g., U.S. Patent Nos. 7,300,644;
7,138,103; 7,074,405; 7,052,872; 6,962,702; 6,458,933, the Examples section of each of
which is incorporated herein by reference).

[0022] Alternative embodiments may concern methods of using the anti-CD20 MAbs or
antigen binding fragments thereof or antibody fusion proteins for therapy, either alone, in
combination with one or more other therapeutic agents, for example as the antibody
component of a therapeutic immunoconjugate with one or more therapeutic agents or as a
naked antibody, antigen binding fragment or fusion protein administered alone or in
combination with one or more therapeutic agents. Use for diagnostic methods in combination
with one or more diagnostic agents is also contemplated. In preferred embodiments, the
disease to be diagnosed or treated is a B-cell mediated immune disease, autoimmune disease,
B-cell lymphoma or leukemia. B-cell mediated immune disease refers to a sub-class of
autoimmune disease, as well as the other immune diseases discussed above (e.g., GVHD,
cryoglobulinemia, hemolytic anemia, allosensitization, transplant organ rejection) in which the
disease state is primarily mediated by production of autoantibodies, rather than by autoreactive T

lymphocytes, or by a combination of B- and T-cell immunity.

BRIEF DESCRIPTION OF THE FIGURES

[0023] FIG. 1. Variable light chain (cA20Vk) and variable heavy chain (cA20VH)
sequences of cA20, a chimeric anti-CD20 antibody. The CDR region sequences are shown in
bold and underlined. The amino acid residues and the nucleotides are numbered sequentially
and same numbering system is used for humanized V sequences shown in FIG. 2. The light
chain variable region is shown in FIG. 1A (SEQ ID NOS 7 & 8) and the heavy chain variable
region is shown in FIG. 1B (SEQ ID NOS 9 & 10). The Kabat numbering scheme was used



6,994,852; 6,989,241; 6,974,863; 6,965,018; 6,964,854; 6,962,981; 6,962,813; 6,956,107; 6,951,924;
6,949,244:; 6,946,129; 6,943,020; 6,939,547; 6,921,645; 6,921,645; 6,921,533; 6,919,433; 6,919,078;
6,916,475: WO 2010/011697 PCT/US2009/051321

for amino acid residues. Amino acid residues numbered by a letter represent the insertion
residue according to Kabat, and have the same number as that of the previous residue.
[0024] FIG. 2. Nucleotide and amino acid sequences of the hA20 light chain hA20Vk (FIG.
2A) (SEQ ID NOS 11 & 12), and heavy chain hA20VH1 (FIG. 2B) (SEQ ID NOS 13 & 14),
as well as the adjacent flanking sequences of the VKpBR2 (FIG. 2A) and VHpBS2 (FIG. 2B)
staging vectors, respectively. The non-translated nucleotide sequences are shown in
lowercase. The restriction sites used for subcloning are underlined and indicated. The
secretion signal peptide sequence is indicated by a double underline.

[0025] FIG. 3. Comparison of the variable region sequences of cA20 (SEQ ID NOS 8 &
10), rituximab (from murine C2B8, SEQ ID NOS 15 & 16) and hA20 (SEQ ID NOS 12 &
14). Dots indicate homology to cA20. CDR sequences are in boxes. The heavy chain (FIG.
3A) and light chain (FIG. 3B) variable region sequences are shown.

[0026] FIG. 4. Scatchard analysis - the binding characteristics of veltuzumab and rituximab
were determined by binding the 1251 labeled MAbs to Raji cells. Direct cell surface saturation
binding and Scatchard plot analysis (inset) - closed triangles veltuzumab; circles rituximab.
Bmax and Kg were determined by non-linear regression analysis using a one-site binding
model with Prism software. These results are representative of one of three repeated
experiments.

[0027] FIG. 5. Comparison of dissociation rates of veltuzumab and rituximab from live
cells. Daudi (A), Ramos (B), and Raji (C- E) cells were stained with PE-labeled rituximab
(closed triangle), veltuzumab (closed square), cA20 (upside down closed triangle), D101IN
(closed circle), 1F5 (open circle) or B1 (tositumomab) (open square). The labeled MAbs
were incubated at 37°C with (A-D) or without (E) excess veltuzumab Fab’-NEM and the
cells analyzed by flow cytometry over time. The off-rate was determined by non-linear
regression (one phase exponential decay) and P-values were generated by F-test using
GraphPad Prism software.

[0028] FIG. 6. Effects of veltuzumab and rituximab on proliferation of non-Hodgkin’s
lymphoma cell lines. Anti-proliferative effects were assessed by MTT cytotoxicity assays.
Cells were cultured with the MAbs with or without a second antibody for crosslinking.
White bars, no second antibody; gray bars with GAH second antibody; error bars, SD.
[0029] FIG. 7. In vitro depletion of B-cells from healthy blood donors. The effect of
veltuzumab on peripheral blood lymphocytes from healthy volunteers was evaluated in vitro

using flow cytometry. Decrease in the percent of CD19+ cells present in the lymphocyte gate
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6,905,681; 6,899,879; 6,893,625; 6,887,468; 6,887,466; 6.884,594; 6,881,405; 6.878,812; 6,875,580;
6.872,568; 6,867,006; 6.864,062; 6,861,511; 6,861,227; 6,861,226; 6,838,282; 6,835,549; 6,835,370;
6,824,780: WO 2010/011697 PCT/US2009/051321

after a two-day incubation of heparinized whole blood of healthy volunteers with veltuzumab
is shown. Each line represents a different blood donor. Error bars, SD.

[0030] FIG. 8. Survival curves for veltuzumab in a disseminated Burkitt’s lymphoma
xenograft model comparing intraperitoneal versus subcutaneous administration. C.B. 17
SCID mice were administered 1.5x10’ Daudi cells i.v. on day 0. Therapy with veltuzumab
began on day 1 with mice receiving either a single i.p. or single s.c. injection of veltuzumab.
Doses administered were 60, 20, or 5 pg veltuzumab. Control mice received an i.p. injection
of either saline or 60 g hMN-14 IgG (labetuzumab, anti-CEACAMS isotype matched
antibody).

[0031] FIG. 9. The minimal effective dose of veltuzumab was determined in a disseminated
Burkitt lymphoma xenograft model. C.B. 17 SCID mice were administered 1.5x10’ Daudi
cells i.v. on day 0. Therapy with veltuzumab began on day 1 with mice receiving a single i.p.
injection of veltuzumab. Doses administered were 0.5, 0.25, 0.1, or 0.05 pug veltuzumab.
Control mice received a 200 UL i.p. of saline.

[0032] FIG. 10. Representative survival curves of mice bearing disseminated follicular cell
lymphoma and treated with decreasing doses of veltuzumab. C.B. 17 SCID mice were
administered 2.5x10® WSU-FSCCL cells i.v. on day 0. On day 5 mice received a single i.p.
injection of veltuzumab at a dose of 35, 3.5, 0.35, or 0.035 pg. Control mice received only
saline.

[0033] FIG. 11. The effect of depleting NK cells and neutrophils on anti-lymphoma activity
was assessed in SCID mice. C.B. 17 SCID mice were depleted of NK and neutrophils as
described in the Methods section and injected with 1x10° Raji cells i.v. Therapy with
veltuzumab began on day 3 with mice receiving 200 g veltuzumab i.v. on days 3, 5, 7, and
11. Control mice received 100 pL saline.

[0034] FIG. 12. Serum pharmacokinetics - veltuzumab (150 pg) was administered to naive
Swiss-Webster mice either via the 1.p. or s.c. route. Animals were bled over a 14-day period
and serum was assayed for veltuzumab concentrations as described in Example 11 (N=6).
[0035] FIG. 13. Veltuzumab is more effective than rituximab in controlling the growth of
lymphoma in vivo in SCID mice. SCID mice were inoculated with Raji cells by tail vein
injection. On days +35, +10, +15 and +20, the mice received either rituximab or veltuzumab

(hA20) at 10 mg/kg/dose. Treatment with veltuzumab resulted in a significantly longer
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6,824,778; 6,812,206, 6,793,924, 6,783,758; 6,770,450, 6,767,711, 6,764,688, 6,764,681; 6,764,679,
6,743,898; 6,733,981, 6,730,307; 6,720,15; 6,716,966; 6,709,653; 6,693,176; 6,692,908; 6,689,607,
6.689,362; 8VEBY HHH:169682,737; 6,682,736; 6.682,734; PCT/US2009/051321

cumulative survival time compared to treatment with an identical dosage of rituximab (P =
0.005).

[0036] FIG. 14. Kaplan-Meier estimates of duration of response (DR) and time to
progression (TTP) for 24 follicular lymphoma responders in human studies of veltuzamab
effects in non-Hodgkin’s lymphoma.

[0037] FIG. 15. B-cell levels for NHL patients treated with veltuzumab in different dose
groups measured at baseline, prior to infusions 2, 3 and 4, at 4 and 12 weeks later, then at 3-

month intervals for up to 12 months after last infusion.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0038] As used herein, an antibody refers to a full-length (i.e., naturally occurring or formed
by normal immunoglobulin gene fragment recombinatorial processes) immunoglobulin
molecule (e.g., an IgG antibody) or an immunologically active, antigen-binding portion of an
immunoglobulin molecule, like an antibody fragment.

[0039] An antibody fragment is a portion of an antibody such as F(ab”),, F(ab),, Fab’, Fab,

Fv, scFv and the like. Regardless of structure, an antibody fragment binds with the same
antigen that is recognized by the intact antibody. For example, an anti-CD20 monoclonal
antibody fragment binds to CD20. The term “antibody fragment” also includes isolated
fragments consisting of the variable regions, such as the “Fv” fragments consisting of the
variable regions of the heavy and light chains, recombinant single chain polypeptide
molecules in which light and heavy variable regions are connected by a peptide linker (“scFv
proteins”), and minimal recognition units consisting of the amino acid residues that mimic the
hypervariable region. As used herein, the term “antibody fragment” does not include
portions of antibodies without antigen binding activity, such as Fc fragments.

[0040] A naked antibody refers to an antibody or antigen binding fragment thereof which is

not conjugated to a therapeutic agent. The Fc portion of the antibody molecule may provide
effector functions, such as complement fixation and ADCC (antibody dependent cell
cytotoxicity), which set mechanisms into action that may result in cell lysis. However, it is
possible that the Fc portion is not required for therapeutic function, with other mechanisms,
such as apoptosis, coming into play. Naked antibodies may include polyclonal and
monoclonal antibodies, as well as recombinant antibodies, such as chimeric, humanized or

human antibodies.
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6,673,344, 6.653,104, 6,652,852; 6,635,482; 6,630,144, 6,610,833; 6,610,294, 6,605,441; 6,605,279;

6,596,852; 6,592,868; 6,576,745; 6,572:856; 6,566,076; 6,562,618; 6,545,130; 6,544,749; 6,534,058;
6,528,625: WO 2010/011697 PCT/US2009/051321

[0041] A therapeutic agent is a molecule or atom which is administered separately,

concurrently or sequentially with an antibody moiety or conjugated to an antibody moiety,
i.e., antibody or antibody fragment, or a subfragment, and is useful in the treatment of a
disease. Non-limiting examples of therapeutic agents include antibodies, antibody fragments,
drugs, toxins, nucleases, hormones, immunomodulators, chelators, boron compounds,
photoactive agents, oligonucleotides (e.g. anti-sense oligonucleotides or RNAi) and
radioisotopes.

[0042] A diagnostic agent is a detectable molecule or atom that may be conjugated to an

antibody, antibody fragment, targetable construct or other moiety for delivery to a cell, tissue,
pathogen or other target associated with a disease or medical condition. Useful diagnostic
agents include, but are not limited to, radioisotopes, ultrasound, dyes (such as with the biotin-
streptavidin complex), contrast agents, fluorescent compounds or molecules and enhancing
agents (e.g. paramagnetic ions for magnetic resonance imaging).

[0043] An immunoconjugate is a conjugate of an antibody component with at least one

therapeutic or diagnostic agent. An antibody component may be conjugated with multiple
therapeutic and/or diagnostic agents to form an immunoconjugate.

[0044] The term antibody fusion protein may refer to a recombinantly produced antigen-

binding molecule in which one or more of the same or different single-chain antibody or
antibody fragment segments with the same or different specificities are linked. Valency of
the fusion protein indicates how many binding arms or sites the fusion protein has to a single
antigen or epitope; i.e., monovalent, bivalent, trivalent or multivalent. The multivalency of
the antibody fusion protein means that it can take advantage of multiple interactions in
binding to an antigen, thus increasing the avidity of binding to the antigen. Specificity
indicates how many antigens or different epitopes an antibody fusion protein is able to bind;
i.e., monospecific, bispecific, trispecific, multispecific. Using these definitions, a natural
antibody, e.g., an IgG, is bivalent because it has two binding arms but is monospecific
because it binds to one epitope type. Monospecific, multivalent fusion proteins have more
than one binding site for an epitope but only bind with one epitope. The fusion protein may
comprise a single antibody component, a multivalent or multispecific combination of
different antibody components or multiple copies of the same antibody component. The
fusion protein may additionally comprise an antibody or an antibody fragment and a
therapeutic agent. Examples of therapeutic agents suitable for such fusion proteins include

immunomodulators ("antibody-immunomodulator fusion protein") and toxins ("antibody-
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6,528,269; 6,521,227, 6,518,404, 6,511,665; 6,491,915, 6,488,930; 6,482,598, 6,482,408; 6.479,247,

6,468,531; 6.468,529; 6,465,173; 6.461,823; 6,458,356, 6.455,044; WO 2010/011697
WO 2010/011697 PCT/US2009/051321

toxin fusion protein"). One preferred toxin comprises a ribonuclease (RNase), preferably a
recombinant RNase. Another preferred immunomodulator fusion protein is an
immunocytokine, such as fusing an interferon to a specific antibody or multivalent antibody
or multispecific antibody as described herein.

[0045] A multispecific antibody is an antibody that can bind simultaneously to at least two

targets that are of different structure, e.g., two different antigens, two different epitopes on
the same antigen, or a hapten and/or an antigen or epitope. One specificity may be for a B-
cell, T-cell, myeloid-, plasma- or mast-cell antigen or epitope. Another specificity may be to
a different antigen on the same cell type, such as CD20, CD19, CD21, CD23, CD37, CD45,
CD70, CD79a, CD80, HLA-DR, CD74, MUCI or CD22 on B-cells. Multispecific,
multivalent antibodies are constructs that have more than one binding site, and the binding
sites are of different specificity.

[0046] A bispecific antibody is an antibody that can bind simultaneously to two targets which

are of different structure. In preferred embodiments, bispecific antibodies (bsAb) and
bispecific antibody fragments (bsFab) have at least one arm that specifically binds to, for
example, a B-cell, T-cell, myeloid-, plasma- or mast-cell antigen or epitope and at least one
other arm that specifically binds to a targetable conjugate that bears a therapeutic or

diagnostic agent.

Improved Anti-CD20 Antibodies

[0047] Advances in medical therapy during the last ten years have witnessed the introduction
of 9 antibodies for the treatment of diverse cancers (Sharkey and Goldenberg, CA Cancer J
Clin. 20006, 56:226-243). Most of these new biological therapeutics are used in combination
with conventional cytotoxic drugs, indicating that the antibodies require additional measures
to improve their efficacy (Id.). This is best exemplified with rituximab, the first-generation
chimeric anti-CD20 monoclonal antibody (MADb) that was approved initially as a
monotherapy for the treatment of non-Hodgkin lymphoma (NHL) (Castillo et al., Exp
Hematol. 2008, 36:755-768). Rituximab is well known in the art and is commercially
available from Biogen/IDEC and Genentech (see, e.g., U.S. Patent Nos. 5,736,137;
5,776,456; 6,399,061; 6,455,043; 6,846,476). Based on this success, efforts are underway to
introduce improved anti-CD20 antibodies (Stein et al., Clin Cancer Res. 2004, 10:2868-78;
Teeling et al., Blood. 2004, 104:1793-1800; Vugmeyster et al., J Immunother. 2005, 28:212-
219, Umana et al., Ann Oncol. 2008, 19(Suppl 7), abstract 98; Forero et al., Proc 99" Ann
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PCT/US2009/051321 6,455,040, 6,451,310, 6,444,206' 6,441,143; 6,432,404, 6,432,402; 6,419,928;

6,413,726; 6,406,694, 6,403,770; 6,403,091, 6,395,276, 6,395,274, 6,387,350, 6,383,759; 6,383,484,
WO 2010/011697 PCT/US2009/051321

Meeting of the Am Assoc Cancer Res, 2008, abstract LB-70; Glennie et al., Mol Immunol.
2007, 44:3823-37).

[0048] Most of these new anti-CD20 MAbs are intended to reduce the murine components
while enhancing FcyR or complement-mediated functions (Glennie ef al., Mol Immunol.
2007, 44:3823-37; Maloney, Hematology Am Soc Hematol Educ Program.2007:226-232;
Martin et al., Semin Hematol. 2008, 45:126-132). One of the first second-generation MAbs
developed to mitigate the infusion-related reactions experienced with rituximab is the hA20
MAD now termed veltuzumab (e.g., Qu et al., Blood 2008, 111:2211-19; Stein et al., Clin
Cancer Res. 2004, 10:2868-78; U.S. Patent No. 7,151,164, the Examples section of which is
incorporated herein by reference). Veltuzumab has a shorter infusion time than rituximab
while indicating a higher complete response (CR) rate than has been reported for rituximab
(Morschhauser et al., Proc Am Soc Clin Oncol, J Clin Oncol. 2007, 25(185):449s;
Goldenberg et al., Proc Amer Soc Clin Oncol, J. Clin. Oncol. 2008, 26(15S):142s). As
described in the Examples below, veltuzumab was recombinantly engineered using the
backbone framework regions of the humanized anti-CD22 MADb, epratuzumab or hLLL2 (see,
e.g., Leung et al., Mol Immunol. 1995, 32:1413-1427; U.S. Patent Nos. 6,306,393; 6,183,774
and 7,074,403, the Examples section of each incorporated herein by reference), while having
identical light chain CDRs, identical heavy chain CDR1 and CDR2, but a different CDR3-Vy

(CDRH3) construct, compared to rituximab, as shown in Table 1 below.

[0049] As discussed in the Examples below, as a result of the differences in sequence,
veltuzumab has unique characteristics in terms of significantly improved complement-
dependent cytotoxicity (CDC) in the Daudi cell line, slower off-rates in all three lymphoma
cell lines tested, compared to rituximab, and potent anti-B-cell activity in cynomolgus
monkeys and therapeutic effects in human lymphoma-murine models, as well as significantly
better control of Raji lymphoma xenografts in mice as compared to rituximab, thus
corroborating the activity observed in patients at very low doses. See, Goldenberg et al.,
2009, "Properties and structure-function relationships of veltuzumab (hA20), a humanized
anti-CD20 monoclonal antibody," Blood 113:1062-70. Surprisingly, as described in the
Examples below, these functional differences between veltuzumab and rituximab are related
to a non-conservative single amino acid change in the heavy chain third complementarity-
determining region (CDRH3) (Kabat residue 101) of rituximab. Such a non-conservative

change would not be considered by one skilled in the art due to the lack of a reasonable



6,376,654; 6,372,215; 6,359,126; 6,355,481, 6,355,444, 6,355,245; 6,355,244, 6,346,246; 6,344,198,

6,340,571; 6,340,459; 6,331,175; 6,306,393; 6,254,868; 6,187,287; 6,183,744; 6,129,914; 6,120,767;
6,096,289: WO 2010/011697 PCT/US2009/051321

chance or the reduced chance of success to improve the antibody in the designated

characteristics.

[0050] In various embodiments, the present invention provides humanized, chimeric or
human anti-CD20 antibodies, and antibody fusion proteins thereof, useful for treatment of
mammalian subjects, humans and domestic animals, alone, as a conjugate or administered in
combination with other therapeutic agents, including other naked antibodies and antibody
therapeutic conjugates.

[0051] In preferred embodiments, the instant anti-CD20 MAbs or antigen binding fragments
thereof comprise an aspartate residue at Kabat position 101, an arginine residue at Kabat
position 94, and a valine residue at Kabat position 102 of CDR3’s Vy;. More preferably, the
anti-CD20 antibodies and antigen binding fragments thereof comprise the CDR sequences of
veltuzumab, comprising light chain CDR sequences CDRL1 (RASSSVSYIH, SEQ ID
NO:1), CDRL2 (ATSNLAS, SEQ ID NO:2) and CDRL3 (QQWTSNPPT, SEQ ID NO:3)
and heavy chain CDR sequences CDRHI1 (SYNMH, SEQ ID NO:4), CDRH2
(ATYPGNGDTSYNQKFKG, SEQ ID NO:5) and CDRH3 (STYYGGDWYFDV, SEQ ID
NO:6). In most preferred embodiments, the anti-CD20 antibody is veltuzumab.

[0052] The humanized anti-CD20 MAb or antigen binding fragment thereof may comprise the
CDRs of a murine anti-CD20 MAD (or sequences derived from the CDRs of a murine anti-
CD20 antibody) and the framework (FR) and constant regions of the light and heavy chain
variable regions of one or more human antibodies, while retaining the B-cell, B-cell lymphoma
and B-cell leukemia targeting characteristics of the parent murine anti-CD20 MAb. The
humanized anti-CD20 MAb or antigen binding fragment thereof may further comprise at least
one amino acid from the corresponding FRs of the parent murine MAb. Specifically, the
humanized anti-CD20 MAb or antigen binding fragment thereof may contain at least one amino
acid residue corresponding to amino acids 1, 5, 27, 30, 38, 48, 67, 68, 70, 95, 115 or 116 of the
heavy chain variable region shown in FIG. 2B (hA20VHI, SEQ ID NO:14) and/or at least one
amino acid residue corresponding to amino acid residues 4, 21, 35, 38, 45, 46, 59, 99, 104 or
106 of the light chain variable region shown in FIG. 2A (hA20Vk, SEQ ID NO:12). The murine
framework amino acid residues can be substituted in the human FR regions of the light and
heavy variable chains if necessary to maintain proper binding or to enhance binding to the CD20
antigen. More preferably the humanized anti-CD20 MAb or antigen binding fragment thereof
comprises the amino acid sequences of hA20Vk (SEQ ID NO:12) and hA2VHI1 (SEQ ID
NO:14).
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6,077,499; 5,922,302; 5,874,540; 5,814,440; 5,798,229; 5,789,554, 5,776,456; 5,736,119; 5,716,595;
5,677,136; 5,587,459; 5,443,953, 5,525,338, the Examples section of each of which is incorporated
herein by refeed80T¥8%e are exemplary only and a wide variety of other Z&{THBREL A/ eir
hybridomas are known in the art. The skilled artisan will realize that antibody sequences or

antibody{gesmtios Rvhudamepaganst Amasti RN HiseaIeassanatef antigeadngy fapbtained by a
simple search of the ATCC, NCBI and/or USPTO databases for antibodies against a selected
disease-J8E8bla e8! ear USSR B IR Aige R Hiratip oo Ma AR Ivs HHE BIGHBY Histb dfeddRay be

amplifiedyRitdaes aligated 15 AREXRIBSHAD YRR MiBnsierter dotappradantrdbealaeland used for

protein production, using standard techniques well known in the art.£084] Numerous methods to

produce BIgpeBiRNe MARiNicHrR TR BhtbtaieasRbaHR S ehisEiBLEdfth exariprethn PR Patent
ApplicatigeyRatlisasien Novi2BH50002965%) filed A 2042Q04 EtherxampesRRsianatghieldad

incorporated herein by reference. Bispecific antibodies can be produced by the quadroma method,

which invidh 4 esErrsiserb or tirocbimsrimiHibhrdhhds bt antiseribiadig afaemerisheirahtibody
recognizinghpdifferent; amntigrnicsie iMilsiainmeseag legNatde 28RN0 B /M 4A): §9@8] Another

method for roducing bispecific antibodies uses heterobifunctional cross-linkers to chemically tether
two diffe WSh P A ibties (Staerz, etal., Nature 1985; 314:628-631; Perez, et al., Nature

1985; 31f)B54 3260 B sppsdimantibagiesamalsahenpiad arszh by Asdiciieis of taagh ©f two parental
monoclonal antibodies to the respective half molecules, which are then mixed and allowed to reoxidize

to obtain {RERYHEeGRichhd R ARG e BN B al hinshp s And deregsebia 1 457),
Another adigenativedriddiwesioliedhicatiterassdinking twai-ttree SeRs!ardyepiiitetdranfagments

using appropriate linkers. (See, e.g., European Patent Application 0453082). [0086] Other. methods
inclie 13 GRGERE S 1 ) 01 BHE B B oA By R bh o it selectable

markers J83SrovhiieaeoieeaRutlE vectaisaiitontaspgdivpareriak by bndemamantich are fused
subs_equ rzltly %De onte, et at, Proc Natl Acaéll Srlgﬁﬁgﬁé& 87:2941-293{?; r transfection tOf- a
nybridomS GBIPIRG AT SQTPBLEIBR PR RO AITIP YL RSy LB SR P B B e ferent
antibody as described above. The antibody fusion protein or antigen binding fragment thereof is also
intended to encompass an antibody fusion protein or antigen binding fragment thereof
comprising at least one first anti-CD20 MAD or antigen binding fragment thereof as described
above and at least one second MAD or antigen binding fragment thereof, other than the anti-
CD20 MAD or antigen binding fragment thereof described above. More preferably this second
MAD is a MAD reactive with B7, CD4, CDS5, CD8 CD14, CDI15, CD16, CD19, CD20, CD21,
CD22, CD23, CD25, CD30, CD32b, CD33, CD37, CD38, CD40, CD40L, CD45, CD46,
CD52, CD54, CDS55, CD59, CD70, CD74, CD80, CD95, CD126, CD133, CD138, CD154,
CEACAMO, ED-B fibronectin, Factor H, FHL-1, Flt-1, Flt-3, folate receptor, GROB,
HMGB-1, hypoxia inducible factor (HIF), HM1.24, insulin-like growth factor-1 (ILGF-1),
insulin-like growth factor-1 receptor (ILGF-1R), IFN-y, IFN-a, IFN-B, IL-2, IL-4R, IL-6R,
IL-13R, IL-15R, IL-17R, IL-18R, IL-6, IL-8, IL-12, IL-15, IL-17, IL-25, IP-10, MAGE,
mCRP, MCP-1, MIP-1A, MIP-1B, MIF, MUC1, MUC2, MUC3, MUC4, NCA-66, Ia,
HM1.24, HLA-DR, tenascin, T101, TAC, TRAIL-R1, TRAIL-R2, VEGFR, EGFR, PIGF,
complement factor C5, and an oncogene product (e.g., Kras, cMET, bcl-2, bcl-6) or a
combination thereof, and even an anti-CD20 MAD that is different than the anti-CD20 MAb
described herein.
[0056] The humanized, chimeric or human anti-CD20 antibody may possess enhanced

affinity binding with the epitope, as well as antitumor and anti-B-cell activity, as a result of
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WO 2010/011697PCT/US2009/051321 [0087] Cognate VH and VL domains can be joined with a
peptide linker of appropriate composition and length (usually consisting of more than 12 amino acid
residues) toWshHHEHGRE-chain Fv (scFv) with binding activity. Methods of REHURRENMALPEEFVs are
disclosed in U.S. Pat. No. 4,946,778 and U.S. Pat. No. 5,132,405, the Examples section of each of
which is @W@Hﬁ?&ﬁgnhﬁ{@&ﬂé?ﬂpﬁﬁfﬂ&%?tﬁ@ym'ﬁm%ﬁﬁﬁﬁs@&%ﬁi‘%é'Hkﬁe'%@ﬁ&%l@r&%?&ltk@” 12 amino

acid residues prevents pairing of VH and VL domains on the same chain and forces pairing of VIl and

VL domaiféaiiith BERINE heRRSdaerIhEob et msand Bectlhiigonitre RatvditsPoflinctional
multimersy,RoivpeRtide shains ot Wid and Minfleaitsthah AdeiensHawitdioke s Letween 3 and 12

amino acid residues form predominantly dimers (termed diabodies). With linkers between 0 and 2
amino aditVRl¥ineds celimery HEnhsenaistioaysaitd EsrarHerSRiRhigtEtbody) are favored, but the
exact patterns of oligomerization appear to depend on the composition as well as the orientation of
V-domainsnfifid-Atke Sibstikddidimker-VH), in addition to the linker length. [0088] These techniques for
producing multispecific or bispecific antibodies exhibit various difficulties in terms of low yield,
necessity 005 Plutifiaayiahvolbwdstebibty ar tinell & dreintensivenkss ofittes tedhnicue. dffeceorecently, a
technique known as "dock.and lock® (DNE) has been utjlized.to produce ¢ inatians of virtually any
desired ANBOTeS B ORI RS T et
ApplicationriplbinéioslcPOOGEOR 28867x (noyv(ISBUSd OnS.dPatertt aiybb0 443 uPOKiaA8 80Eh¢now issued
U.S. Patent 7,521,056); 20070086942 (now issued U.S. Patent 7,534,866); 20070140966 (now issued
s, Patd PR R ST R e e Bb S e SRR M R S 2000,
the Exanpleddagtiod/of eactasfdduictplisnieoodzpraidh herikilby gefiatehDe)"TRecéttnniguealtilizes
complem ry froteig hindin p%nz ns, referged to as anchorin | ng g ization and
docking (ﬁ)?ﬁgﬁn@%ﬁ?ﬁbg??dp tg(l) eac ot;lfe%nagn§ allovi t reyag’]é%’%’g?g %@?b%ﬁ;%%e% stg[?c?éjgr@é, ranging
from dimersoipimeed, eteanhor ssfquancamarsaand diyxarviensprohes enfor ive stedpie cbthglbredual high yield

without requirement ensiv rifj w : I the assembly of
monospe%cgi#ég&ééévéi |c§é% nﬁﬁﬁ@%@iﬁé% I% o%llg%’,g%e%i%éf%s na gﬁ%%?%ggy moieties or in
combinafi®dSRitk kanddetrathg dofeghvar teftabrmcenefliectde Susgthmasrinthen aotbodyl&itoesioealzymes,
Che.mOth%Q%Pa%&'éi%ﬁgseﬂﬁ%e‘ﬂ%%ﬁ‘l%‘@'gﬁédgé’eté{kéf‘ge.?'LQé%Q QP%Z'F@?S%J.“%E%B?EE"F G9&8 ¥,
radionuclides, imaging agents, anti-angiogenic agents, growth factors, o |gonucfeot|des, ormones,
peptides 1tbkiH¥) plOapopwtiaagents/. oL arcomBasaliot/tHer888 ARY A e ntetmhiglidsikmowhn in the art
for WO 3040/QL460PGT fRp009/05132% making Kisnesic amylispecilic apibediss.ay be
utilized in%aljeg’pra%:%%ﬁ the prgéentl)z? b’lé\z'irr’mgj]}rwnoet'ho s/ PgﬁTgérgetllgr%PTeOOBg] B{;specll%?:nor
multispeciigamibotiesichsybbtutivinethiy preutdrgestingtheshuigae snRhoda pgdtitagigoaiounitistep
process gfiginally ‘i&%%ﬁ&@é?&&d&%?%‘é@ﬁﬁ@ 1%'5%{15"\99&1 &#119 ffkAlGEUY f?ﬁﬁeﬁt}{b‘%iﬁ%%@'es' which
contributes to undesirable toxicity to normal tissues such as bone marrow. With pre-targeting, a
radionuclichks srpotitest thenhipectid B§énntivittaChatite/arsnbild sy dlsdeofiaretable construct
or targetgfle, cmaRIa) \akiP ElRATE IR mIHAR TR0n iRe.blaad. Adey & ia e isRRgifc or
multispecific antibody, which has b!ndln sites for the targetable construct as well as a target antigen,
is adminigteradthinseleucengriidauyinal8nedtid tlemefabin anpearaddn epieniretRE tapgttable construct
s adminipdeyeehl0R9QL re-ostnemetpta Ae el e v L e AT Bhe TRl ieciosed i
Goodwin et al., U.S. Pat. No. 4, 63,713; Goodwin et al., J. Nucl. Med 29:226, 1988; Hnatowich et at,
J. Nucl. Med vath iog4ne ogvltedeiragt appageN irdraved n2gppshalogide Kilswpov/al/alibidNucl. Med.
291951, 5938: SIBRNSHAlr 1 Nushdath A0RGARRKAIRIANRS o1 2 hNuRhMa ALeig01. 1990,
Schechter et al., hit. | Cancer 48:167, 1991; Paganelli et at, Cancer Res. 51:5960, 1991; Paganelli et
al., Nucl.imMeepse birfrastivipyalduspgeieng/s inds. 30915, 2B somdsbrpkyost mmehfieiRe$0 51:6650,
1991; Yuaihel @ afiB0ae hRRSoR b2 And A0 ntd é%tln'hlﬁaeﬁ’@ﬁ,éﬁa‘%if'ééo vEiaNerO8607,580;
U.S. Ser. No. 10/361,026, U.S. Ser. No. 09/337,756; U.S. Ser. No. 09/823,746; U.S. Ser. No.
10/116,11B19eNS:.- FepeiRe0nyBaR, 188raduse Seli-Na24 ontBodss oUimpPaedNeapgo03s1; U.S. Pat.
No. 6,472kl iSer- No. 10/114,315; U.S. Provisional Application No. 60/386,411; U.S.
Provisional Application No. 60/345,641; U.S. Provisional Application No. 60/3328,835; U.S.
ProvisiongoAplic atinmMNamBoHi26:37 s RS NR IS 3RS b SRImNP 1 AYRR7,756; U.S.
Provisional Application No. 60/342,103; and U.S. Patent No. 6,962,702. [0091] A pre-targeting method
of treatin§'8AtRHGRAEHY"S efiswsde e urssriserrRindipfebiramasbethisabad b nerd8fkistering to
the subjegliRhisipecifigRNIIRO A RIantiggriRindiRg salRe hdrgR e A RPIRIRIN@MINnistering to
the subject a clearing composition, and allowing the composition to clear the antibody from circulation;
and (3) administering to the subject the targetable construct, containing one or more chelated or
chemically bound therapeutic or diagnostic agents. The technique may also be utilized for antibody
dependent WO 2010/011697PCT/U82009/05132!Lsenzyme prodrug therapy (ADEPT) by
administering an enzyme conjugated to a targetable construct, followed by a prodrug that is converted
into active form by the enzyme. Therapeutic and Diagnostic Agents [0092] In certain embodiments,

+thoa antibhndicae antinan hindinAa antibadys franmante Aar fiicinn nroataine AdAacerribad harain mav, ho



A 75Br, 76Br, 82"R-b. 83Sr, or other gamma-, beta-, or positron-emitters. Paramagnetic ions of use
may include chromium (lIl), manganese (ll), iron (lIl), iron (11), cobalt (I1), nickel (11), copper (I1),
neodymiumW2EAREALM (111), ytterbium (111), gadolinium (111), vanadium (IBCIEHSRMPAFM32dysprosium
(1), holmium (HI) or erbium (III). Metal contrast agents may include lanthanum (lII), gold (lll), lead (11)
or bismU%ﬁ%ﬁdféﬂﬁ%ﬁ%’ﬂQiﬁ%ﬁﬂﬁﬁhg%‘g@ MBYSPIPHRE liResAMEeshSHAh 2 Fg@aqlf}il,lg;gg@osomes.
Radiopaque diagnostic agents may be selected from barium compounds, gallium compounds and

thallium ¢BHHSOURERIUS oIS VAHERF INHIRBFEETRIINbAILLER RAESFR-irfthis 2! iKERIME Bt not limited
to ﬂUoresﬁﬁiﬂl@%klﬁ%%ﬁgrﬁ%i@mi@foPHMﬁﬁ%ﬁBﬁHﬂoHQNM&HB&,i@UﬁE&!}Mﬁ%&@é}@ely by
u

o-phthaldeh}éde an orescamine. Chemiluminescent labels of use may include luminol, isoluminol,

an aromdhie BERiiAY s SemPAFRI HA Y e B EBRiEE PR DR naskantes e XBEITS Ao4P &P apetic
agents a Rrefeyabiv sele @eromdhnerQUPEORSIsHRBRl i bad @nuehide, PoninemMegittator, an

anti-angiogenic ggent, a cytokine, a chemokine, a growth factor, a hormone, a drug, a prodrug, an
g

enzyme, ah HiGHREL Bottall alhte ARvBRHS BINRHZSHOT Y UhiIgAsY BT 8B R9g651321

apoptotichagert, 3 Rekast e dbRIRRRYILG AIRNCITRCYItONIS Aashtivhishinay bR eghernasiherapeutic
agent or a toxin, a second antibodépor fragment thereof and a combination thereof. The drugs of use

may pos&EsTSEHRAAHAcERTFEITR B SMY 4R RINIBAdY SRR G AP L SR Ge8t AR tFARBIRE Safitildnase,
alkylatingsyasttimigiabaliienantiRietife Fkaloid rasibanginaanis, torPualeRiRliBAgaIMS ARE eempRinations

thereof. [0095] Exemplary drugs of use include, but are not limited to, 5-11 uorouracil, aplidin,

azaribine’ AHENFS 2 b A AFHHIES CRAS BEREA R SEREC N ABHRL ATIBBRES S, BIYRREXIH2Y Busuifan,
calichearpypifueaFintbeaiiplsaphepletitsal OyRtax yaamMptatheciss casbnislngides|elreding

chlorambucil, cisplatin (CDDP). Cox-2 inhibitors, irinotecan (CPT-11), SN-38, carboplatin, cladribine,
camptotHEE &AL ¢SS HE A R AL i SRS h ADiR RSN taxel, dactinomycin, daunorubicin,

doxorubicin. 2-pyrrolinodoxarubicine (2P-DOX), cya -morph(a'no oxoruhicin, doxoruhicin

aouron RO B Sl A DG AR ERE b LB B e agents,
etoposidelvie 6 heieposide ghueuro aité celiep asigd pbpsphiate bjaxpiiding (nk)dRjore amino
31,51-O-dioI&ao I-FudR (FUdR-dO), fludarabine, flutamide, farnesyl-protein transferase inhibitors,
gemcitabellﬁle,lhys/1 rltl)%(syurea, idarubicin, ifosfamide. L-asparaginase, lenolidamide, leucovorin, lomustine,
o HRTIFEIR0R AR T eTPRIRIN G S eicRRionnG, EtOlEre T one
mithramycin, mitomycin, mitotane, navelbine, nl%rbsuigea, plicomycin, procarbazine, 5 c‘i?ta??el,
pentostaiimy P& B4 ic phicifensy fsempstinecsireptio zocthe tamoxifand tetxallatevabzolorhide (an aqueous
form of DTIC), transplatinum, thalidomide, thioguanine tl'?i)o nipeside, fopotecan, uracil mustard,
morelbil e e o B oo e SRR T ARG ARS, i
alpha toxinidsapdraifaib ohaolarsec{RNasely €og. oo peorassr BNasent, Btaploylbeve bakenberotoxin-A,

pokeweeg g iral g{otgine 9[9| n&rﬂdq(iggtl]g&i toxin., P&eudomonas exotoxin, and Pseudomonas
endotoxin??é%géﬁfm%rbﬁgmoﬁators of Use %ﬂe Selected from a cytoldne, a stem cell growth

factor, a P ofeXIn. ABRMACROICHS. AR Ahad-CHAm RTIRUNG, fRC Al (Gl AR jprgrferon (IFN),

erythropoietin, thrombopoietin and a combination thereof. SpecifiCally useful are lymphotoxins such as

tumor neBle@isthact8BITN MPhMtqbﬂ'eﬁbﬁééi’drsTh@uéﬂaég’m]ﬂéﬂélﬂéﬁli(q@}%Wwfzﬁmmﬁﬁiﬁ@ factor,
such as granulneyie:eQIeNn SUBIRIRG ALK RE)QL HIANHIGEYIE MIAGIoR hagichiIyRtimulating

factor (GM-CSF), interferon, such as interferons-a, -p or -7, and stem cell growth factor, such as that
designatédfersatiat&irthe\notcio Wi 10t 7ra T s2 00970 3182 I8 lds beamasigenrs eytokines are

growth NQURORE AU A AOU IR R O RN AR ATRAAIIRDG, and bovine

growth hofmone; parathyroid hormone; thyroxine; insulin; proinsulin; relaxin; prorelaxin; glycoprotein

hormoneBaelitilas AR ehstirrifatisrjwetnsdrid-trsrling (tdid) sirueiagittPHoi My (@®Ene and
luteinizing, harmang. Ly isRatio grpwitviasiple RIPSFRGRRAMNP ,(ﬂ*?rs??'gi%g{@wmgfﬁ%%bﬁﬁ?éatcti”i

placental lactogen, OB protein; rumor necrosis factor-a and - B; mullerian-inhibiting substance; mouse

gonadotrBpih-Bssiscidtdn: pepierhannifiR)dxtviie/asclidrelitthk bl bisbiditreracter: Blidemate
thrombopojefin é}ﬁ?a%iﬁ@(-\se.sgf 9 A t@@t@%ﬁg‘?‘yﬁb%ﬁ&ﬁ:@.s&'%ﬁﬁé}%@@mfﬂ%%ﬁ{ﬁé‘é@ﬁﬁing
-aan

growth factors (TGFs) suchas T GF- B; insulin-like growth factor-1 and -11; erytlropoietin
(EPO); oMieBfREAOBSFAT A MRsHEEARSstthuse MRFBIQ Acks-phasriydioprsRiF daficRasRy factors
(CSFs) syghasimacigehager GmitM-G SRnbteraukingi(hs) sHeRAs b-slalldeodlidrdL-3, IL-4, IL-5,
IL-6, IL-7, 1L-8, 1L-9, IL- 1 O, IL- 11, IL- 1 2; IL- | 3, 1L-14, IL-15, IL-16, IL-17, IL-18, IL-21, IL-25, LIF,
kit-ligandpé‘?fF‘L“FdS, Flt- I, angiostatin, thrombospondin, endostatin, tumor necrosis factor (TNF, such
as TNF-a) and LT. As used herein, the term cytokine includes proteins from natural sources or from
recombinant cell culture and biologically active equivalents of the native sequence cytokines [0098]
Chemokines of use include RANTES, MCAF, MIPI-alpha, MIPI-Beta and IP-10. [0100] Radioactive
isotopes useful for treating diseased tissue includé?but are not limited to- mb,212Bi, 213--, Bi 211At,
62Cu, 67Cu, 90Y, 1251, 1311,32P, 32P, 47SC, 111Ag, 67Ga, 142pr, 153sm, 161Th, 166Dy, 166HO0,

186Re, 188Re, 189Re, 212pb, 223Ra, 225m, 59Fe, 75se, 77,,rpm, 169nr,yr, 198 A u 199 991\40,Au,
and 211Dh Tha AT QO<r r14211010A4A/ A\



therapeutic radionuclide preferably has a decay energy in the range of 20 to 6,000 key, preferably in
the ranges 60 to 200 keV for an Auger emitter, 100-2,500 keV for a beta emitter, and 4,000-6,000 keV
for an alphaVeghiteYOMaXImum decay energies of useful betaparticle-emittiRERICIRIEY &8 Preferably
20-5,000 keV, more preferably 100-4,000 keV, and most preferably 500-2,500 key. Also preferred are

radionucligggsihahsubsiantiabyclagey Wi ADRKEMIKIR-PaRtiaiRSh Jass shiaeR!er GRe-afifsa-67,
Br-80m, Tc-99m, Rh-103m, Pt-109, In-111, Sb-119, 1-125, Ho-161, Os-189m and Ir-192. Decay
energies BILENGBEEPaHidelamtng Aodidbs. s SrarbHisiy ¥alersohsy beabrsYEafetbly <100 keV,

and most priaferaiyessiikersisadretesied iR adionusidaathatzsuR srptiate desay.withngeneration
of alpha-patrticles. Such radionuclides include, but are not limited to: Dy-152, At-211, Bi-212 Ra-223,

Rn-219, P31 pngines by etytaminexo1y; gioing (Hythisppigs ({yH: proline (-0.5 +-.1);

2010/01 169 RGTHSSARNRARIEE T Pepayi anengins mé usaitl alphaypattislecamijtinadadipnuplides are
preferably 2,000-10.000 keV, more preferably 39000-89000 key, and most preferably 4.000-7.000 key.

AdditiondPYSHSHE( Thilo lREeinsd of HsehirrKiyanae-13NdryBEPaaRl 113 Fephgsenist, 19 778r,

126- | ingl DR Y o tHIAR3, sHARR IS 511 203 H P df Al Bul RE@ulgamm 165m167
le,im, Tm, 168rim 197pt, 109pd, 105Rh, 142pr, 143pr, 161rib, 166HO0, 199Au, 57CO, "CO, 'Cr. 5975 75

Se, 201T[D082p Beheitondidia9tidnsandltide fikesizoonehdsehivh o irgdeiticchbiclidBsr mayiprivde 1241,
1211,1111, 18F, 52Fe, 62cy, [01Q1] Therapeutic agents may include a photoactive agent or dye.
Fluoresc i SRS TSSO LR B S AE GHhr A OHhBGOMEREH H5BS FAUERE Borphyrins
sensitive dysiiséode dighte haitk heeminseditdwiehechany tidyedhirstanstbypaiphating thsimuit@hte light to
the lesion..In therapy, this has been termed photoradiation, phototherapy, or photodynamic therapy.
See Jon U5 FLaT O TR AR AR S TN D R BIMERGES, (1 irerin
Progetto TR8o)vandeanaBeigly, Geeitic B riadn{d986)ndaxA30d Meihaverm henaclenay antibodies have
been cou&lyed%hlghototact(iivatted d)(ehs f%r acr11i ving hototherapg.tSee Mew c/ alt., J. Imrﬂunol.
(1983)9 180 E 473 TR CCIRRE PR EE P B AR SR Dot S A BISEONGAIY AE S d1sA
(1986), 8887 d4tcicheint:d Rhdicdnemn Bhitobiols¢2 08 ), @bod3X asanret] afl4 PBag:Hetins:Biol. Res.

(1989), 288:4./71, Tat ef at, L,asers Surg. Me: )9 9:422; Pelegrin et cer (1991).
67:2529.?€%§%§t§§§t’e’%§% SYmdﬁgléeé%ah“iﬁgzrg%?? %ﬁ%éééﬁ%%yégssi‘of ét%ez'%gé otherapy
agents, equently, they are frequently, used in combination treatfments..Prednisone and
ceame B S B S S e
anti-angiegemicaagieniss tsuthrashang lestation tiacuddsiatdinrcanstatim thaspin Fantxeil@#: antibodies,
anti-P1GF tides,and antibadies, anti-vascular. growth factor antihodies, anti-Flk-1 antibodies,
1 L A, e B A o R opage
migratioreichiblioey factiog antisotiesnkanittierpepites Albrdvndetinilse pides;gnlBs wimogenlgctivator
inhibitors ,tj 1etalloproteinase. inhjhi intederons, jxterleukin A2, IR-10. -

th rombos%t%ﬁn%c;{iﬁ @S r% (kfﬁggy%%égﬁ}d i‘gf%gpkr?gﬁf%grg r’l-gﬁiélléglevg E@gf‘gﬁ’l féggréé(i@i]%%f%%@,uéﬁlm,
Marimastgt. pepit&8art@bijsUthihatd), ang@poipsiu?; Mectiereh mishaahpltbideycihen (PN 4BAS6E, 16K
prolactin Li ide lidomid ifylline, istel P-470, endostati litaxel,
accutin, é!%?é@%ﬁﬁ %ﬁ%l?&%ﬁﬁ%&%ﬁ%ﬂr@ﬁ% ﬁ% k%&ﬂ??l gﬁ%ﬁ%’& ég![%’r%égr%iﬁ}c’)ocyc ine may
be of usealanRer281.0/01T807PGIHISROVI/0Bd.331: [DATAD Oherhastfulsthe Npdtidlagkentgmssmprise

oligonucleptidgs, especially antisense oligonucleotides that preferably are directed against oncogenes
and oncogene products of B-cell malignancies, such as bc1-2. Preferred antisense oligonucleotides

include t'ﬁ@@@ﬁ%@éﬁé} @5&5@&&@1’1%&{}?%@ gQ@iHﬂﬁfSﬁs include whether or not the residue is

located in the interior of a protein or is solvent exposed. For CDR residues, the residue in the
free antibody would normally be assumed to be solvent exposed. For interior residues,
conservative substitutions would include: Asp and Asn; Ser and Thr; Ser and Ala; Thr and
Ala; Ala and Gly; lle and Val; Val and Leu; Leu and Ile; Leu and Met; Phe and Tyr; Tyr and
Trp. (See, e.g., PROWL website at rockefeller.edu) For solvent exposed residues,
conservative substitutions would include: Asp and Asn; Asp and Glu; Glu and Gln; Glu and

Ala; Gly and Asn; Ala and Pro; Ala and Gly; Ala and Ser; Ala and Lys; Ser and Thr; Lys and

20



[0105] Any of the antibodies, antigen binding antibody fragments or antibody fusion proteins described
herein may be conjugated to one or more therapeutic or diagnostic agents. The therapeutic agents do
not need to WO tHA&EHE@but can be different, e.g., a drug and a radioisotopBCFoS2PNE211311 can
be incorporated into a tyrosine of an antibody or fusion protein and a drug attached to an epsilon
amino grayp. af A Aysine fepidugndrerapautioandrtiagnese. agents/alsousambealtaghesdor example
to reduced SH groups and/or to carbohydrate side chains. Many methods for making covalent or

non-covaBRtENIFIGRRY 1t tRSFAEHCo ARHYrRSESURIERE Wit uFkiBo e L OMasibACFbtins are
known indheRItranmh ey, knann metned e e Hilizafd o1 BRbAdReraRe g Qikiagnostic agent

can be attached at the hinge region of a reduced antibody component via disulfide bond formation.

AlternativBiiguth se meanibi i patried oRif nathstdtanimtitohay Eraatinkar Bitlfras N-succinyl
3-(2-pyrigyldithigipsppionate (SPDP). Yu et al., Int. J. Cancer 56: 244 (1994). General techniques for
such conjugation are well-known in the art. See, for example, Wong, CHEMISTRY OF PROTEIN
CONJUGH0¢QNrANRrERGS SriiNkddNGs (BRI Rsassoh8 Mgy bipesiaciriet tile, eMaeiitsation of
Antibodies by Chemical Methods," in MONOCLONAL ANTIBODIES. PRINCIPLES AN
AppucA&*mé]?%ﬁ Oéelgﬁa@%stﬂﬁgbggdfs%%es(lfmmﬁﬁlegg,f 1R biofs Sﬁﬁiﬂ@@%ﬂgucnon and
Charactetsizatien pbssyvihetiaRegtidsduesived. AMiibodies.yin MONUELEON M AN IBQIMES:
PRODUCTION, ENGINEERI AND CLINICAL APPLICATION, Rjtter etal. (eds.), pages 60-84
(Cambrio(ﬁegu%i ?@ﬁ@ﬂé&%@%&&ﬂ%ﬁ&ﬁ%ﬁ?ﬁﬂg ¥hcélséﬁlélﬁﬂgsb4u&%gnostic agent can be
conjugat@ieparatiansiylbinéel oaakeMnititbdiEstneliamgfChénsaiddy mkhitzedrbo Rlidigie group can be

used to igcrﬁgs the loading of the same agent that is bound to a thiol group, or the carbohydrate
moiety ¢ &% to bind a different therapeutic or diagnostic agent. [0107] Methods for conjugating

peptides [@0a81iTedniguep bnepts witnamantibloay] catiinddick ateimoielstanieywel-angsvariddihose of skill
in the art. See, fqr example, Shih et al., Ira. .1. Cancer 41: .{1988). Shih eLat, |ra. ancer 46:
1107 (1990 SHERIah e s K DTS caThe P08 e S5t Pt o7 5 1
incorporated Geligim by 1k ferdnc € URR B TdROMTE00d. S s I VeBVERIDMEY aNiidiodly, pageponent

having a idjz bohydrate porti ith g carrier polymer that.has. at least one free amine
function. TH1L 1R To S A TR LS e TRERA R IhRAGeirien ohr LG Gabed by

reductiondfetiagaoindarytamacenim ttiom denfinal conjugaieei0ihRdviihe fhe splantmatytdie Bbsent if the
antibody used as the antibo onent of the immunoconjygate is an aptigen binding antibody
ragment RO e i o TRTGRe & Lo g arare 8 i e e B R o die region
of a full lengttylaniditaady, exlestiigepobitiding artibvddynagheataSdedies exdrplejdeaungtetiak, J.

hnmunol.. 15 :591% 995): Hansen et al., U.S. Patent No. 5,443, 5331 9% Leung et at, U.S. Patent
o6 ot e (hdr Broalic ANAEOAE A e R S e Bl B e o ot

attach théyhedapeutidtoradiagnostic agent. [0109] In some embodiments, a chelating agent may be

attached tilgody, antigen binding antib fr ent or fusion protein or to a targetable
construct L e R e e 2 R e e emptary
chelatorsmailideedutdreiqatslinSitebl to B dsutlws Mehie RERIDCOTwNTEIg i Witlor NOTA.
Methods of conjygatign and use of chelating agents to attach, metals or otg%g_ligtiﬁﬂdsr%o proteins are
well known'in the arffpsee, é.g.,eLfg. PAten ppﬁceﬁloﬁ é’erlaﬁ No. f§2 , e%(agnﬁles section
of which Bemcorpanaiglt Heotignbyredersrit @)l {D11Q) dndcprean2eimbddiMeAts oradioBaines metals or
paramagneticjons may be attached 1o protei r. pept [ it nt having a long
tail, to Wﬁllgh%%%%@h%a%%ﬁe%u%Otﬁltlog)lll%}'&/%?%ﬁ%atfﬁgﬂ%giﬁéﬁmg% %%E%%%h a tail can be a
polymer 8IEH.QGY p¥ilsitie ppebysétdhdridbs dhuthen Berpsatired Br2derivatizable chains having

pendant s 1o, which can.be.bound chelating groups such as, e.q., ethylenediaminetetraacetic
Bl (20 AT B B e tnors
bis-thiosengiearal ant sylpeiyacitheprepact iy geoupdikaoiactnbpessdfiirfonthis puepose. [0111]
Chelates Bg gi(;gcty iqjl< d E%-%nHPg(y&% R Btiq?s for xam | 135, islglt%s%g [ Wips f2atent
4,824,65 @%orﬁoraté) grel?ﬁ %ylreofer?ence. aglgrt?c Iarﬁﬂfjnsélﬁjl n?e%ae -(?f]eﬁj‘gte C(t)m ?r?at%nsllﬁnclude
2-benzyltbT@EA dod dtsrrginomsthyizad choyodpestyinsihaibesatggeddnitl bydiagsosiigisotoes in the
general encrgy anoe.0f60.10.4,900 key., fuGhAs A28I 434 1231 240620 By, F.67Ga, 68ura,
99 mTc, §4mg'l]}%.;-l%N, ;{/55:, Yré%r}n érgraglso-rimag%iné}.’%e sgﬁtnve c?iellates} wﬁeF\ comg?gxed with
non-radioastiveogiebals) sueh hsrmanganklsal drarinapudghdalinibyitetiog kefulnforsMRils Mésrocyclic
chelates g6 a5 NQTA, DR AT B @R Use WL ¥afish bmstals Anilsadiqmptals, most
particula%%tﬁ r%d%%ﬁc%es% gallium, ytt%%%n and copper,arespe%ive i Sucﬁ metal-gﬁé%te
complexes can be made very stable by tailoring the ring size to the metal of interest. Other ring-type
chelates such as macrocyclic polyethers, which are of interest for stably binding nuclides, such as
223Ra for RAFT are encompassed. [0112] More r%]cently, methods of "F-labeling of use in PET
scanning techniques have been disclosed, for example by reaction of F-18 with a metal or other atom,
such as aluminum The "F-Al conjugate may be complexed with chelating groups, such as DOTA,

NOTA Anr NNIETA that ara attarhad Airacthv7 +0 antibhadiace Ar 1iead +n Iahal tarnatahle canctriircrte 1N



[0113] Various embodiments concern methods of treating a B-cell lymphoma or leukemia cell disease
or an autoimmune disease in a subject, such as a mammal, including humans, domestic or companion
pets, such XA AtP¥ats, comprising administering to the subject a therB&(HRPAN/ Efdtive
amount of an antibody, antigen binding fragment thereof or fusion protein. In preferred embodiments,

the antibagdy g antigenRiRdingfiaemensibrieohianaptehal MaRidrear@imembodiments, the
therapy may utilize a "naked antibody" that does not have a therapeutic agent bound to it. [0114] The

administrBBHGEENAKK&H MR I9PHAA SRS can be supplemented by administering concurrently or
sequentially a thergpsutigallysifigctive amount of another "naked antibody” that binds to or is reactive
with another antigen on the suiface of the target cell. Preferred additional MAbs comprise at least one

humaniz&® tHimehéps i AREROMALS 2drsemlnBhIRtgrdu p Bishdkeingrisble nrpaiPrs &ive with CD4,
CD5, CDgyu R LthtERAM £ Pbkbn GBS ER2Mhe GRIZIICR2RnE B2 301GRARpe D3R 0Gd32b, CD33,
CD37, CD38, CD40, CD40L, CD45, CD46, CD52, CD54, CD70, CD74, CD79a, CD80, CD95, CD
126, CDI3ARepy dacledineshe poepAIS At R ARICTUMIRE ToRIRDS (MDRSA abthafiouss apiibedyR
tenascin (FlfnderfitadtiVERE B IR HetERE Ikafmdzetichy hn@mdrRRA3sENabIEy GaBplement factor

C5, an oncogene, oncogene product, b¢cl-2, bcl-6, Kras, cMET, or a.combination thereof. [0115] Both

the nake@URIHEESH harstaloféenr M eshibHSTSARGIEN Ba S e ARRioht R YarHIF
supplemetasivithd dasadremisiiatiam @ENar OARUr e aly RFscauentialy, StatSANsVIER3
2010/011697PCT/US2009/051321 one therapeutic a%ent .as discussed above, Multimodal therapies
may inclddéSHerd BT SRS G U HRS RE60GRY @Sﬂtﬂ% ATBMEY ke AdmiRtsG tickiBfRnti-cD22,
anti-CD 1Re anti-SDaileaimipeDidurai- 6D 3B anlinfdP 23 489111004 5pidtileA-RR_(Inchicigathe
invariant chain) antibodies in the form of naked antibodies, fusion proteins, or as immunoconjugates.
immunochfegaREYE TR BN TEBCEA HITOUE BF XmtfenViame fagieti 1hdrkof ¥bifiigated to one
or more @iy ﬁ%@cﬂ@h‘ﬂ%ﬁﬂ%@"y%&E‘P&%&%%ﬁﬁaﬂi%?gﬁ%ﬁ%aﬁhﬁ Q@K%ﬁ@fﬁQDZO .
antibodies or antigen binding fragments thereof may also be supplemented with naked antibodies
against a MUC Haitigeredharidedissessed on certain B-cells. Various antibodies of use, such as
ant-CDIR7sh Al DA2 0K BRASAE A RURAMINDIRE AT St 1040 3l uees (Ricxamplf. Ghetie

etal., Cancer Res. 48:2610 (1988); Hekman etal., Cancer Immunol. Immunother. 32:364 (1991);

Longo, Ctril-OMitorédr. B35 5080 oBjechmamyant NGy ue 738 5548, 6 139, drhecson gad:,
6,676,924.;¢,10% 384 554 plod 85 Taktd0PEA ﬁr%é%ﬁ.@dz?@%&i%;%@584&%?:%?9@%%§§Zd17u?>00'655:
7,312,318; and U.S. Patent Appiication Publ. Nos. 20080131363; 20080089838; 20070172920;
20060198885R20d8021 0475, 20080738384; HREELE0B0 YA ETBU e BxlipldSLdbtich of each listed

patent Oro%’i?éﬂfcacﬁ%‘&%%rlﬂﬂﬁ%ﬁﬁ{aﬁt%ﬁ%@i {ﬁﬁy B%fﬁ{i%ﬁ?ﬁze_[@ %%Q}dﬂs?é}ﬂﬁ'ge{h@ﬁ%&fs@@ﬁ@wa'_
therapy, subjects receive naked anti-CD20 antibodies, and/or immunoconjugates, in conjunction with

standard {ERidBr ravicrd Ely VeI i oChsmeLss dmmpupgeleprdsprartige, 200-400 mg/m2
etoposideaaghdrdPC.MH D4 SAEMYSINGS sadimRly uged iRdisatasRkiadakns PR gma. Patti
et at, Fur. J. Haematol. 51: 18 (1993). Other suitable combination chemotherapeutic regimens are
well-knovff ehirssie srananlpnghaniipodearsgisespipied prish AamdipcandEaodgiimply

LymphomagstdiitANGEEIBRPI NP ERMIE S 351 diioRoddaliang: et (86sor Hagegy2028-2068

(Lea & Febiger 1993). As an illustration, first generation chemotherapeutic regimens for treatment of
intermedAtELGYatfd HismalBRgiiisKiRipIsbhbs RaMIsIre Qeteicnetame drcsishtd pHapuel Bacristine,
procarbazingmRn fedisane L anek GRORRHEPBRARPRMIG AP HABISH MG HSHNR AL

prednisone). A useful second generation chemotherapeutic regimen is m-BACOD (methotrexate,
bIeomyciFﬁSde‘féﬂHtS]i’&ERCSFtﬂl%‘Hd@ﬁh%k@?@ﬂ?c?@%ﬁ%‘?&@%‘?ﬁ%’fﬁﬁ’s@h@gha%H@é\?@?ﬁ?ﬁsﬁ\?hiIe a
suitable M%ﬂﬁﬁ@&fﬁﬂ@g&ﬁlﬁ%ﬁ%&%;Eof@b@iﬂ@l@mkﬁfét%mppﬁegymmpﬁab@mide,
vincristine t?prednisone, bleomycin and Ieucovolr#r]lgjz.‘ Additional useful drugs include phenyl butyrate,

bendamudfiie) YL RRoSHSIE! Phindsipeterrdd mitthiS8a tHsrafinibost Rreaitrdapivdiedrugs and
cytokinegairg wecadmiistered wikar@piikerb dimom seaniostene DR Wk es
2010/011697PCT/US2009/051321 protein, preferably comprising an anti-CD20 antibody or antigen
binding f%%%%%4é&?.‘ Generally, co-administration would refer to the simultaneous administration
of two or more gg@ents; suEPAB-an antibody and a therapeutic agent. The cytokines, chemotherapeutic
drugs and antibody or immunoconjugate can be administered in any order, or together. [0117]

Immunoddfitl Xehads dreRradisn it mananibediss Wirs Mg e RIS I s Fepare

pharmacstitiaalyedseiuicampasifonseivhetehynhe iIMmMUNNgopilgals:Diro ke AmntibRdyris combined
in a mixture with a pharmaceutically suitable excipient. Sterile phosphate-buffered saline is one

example of a pharmaceutically suitable excipient. Other suitable excipients are well-known to those in
the art. See, for example, Ansel et al., PHARMACEUTICAL DOSAGE FORMS AND DRUG
DELIVERY SYSTEMS, 5th Edition (Lea & Febige1990), and Gennaro (ed.), REMINGTON'S
PHARMACEUTICAL SCIENCES, 18th Edition (Mack Publishing Company 1990), and revised editions
thereof. [0118] The immunoconjugate or naked antibody can be formulated for intravenous

adminictratinn vvia for avammnla haoliie iniacrtinn Aar rantintiniice infiicinn Drafarahlhyy thoa antibadys ic



[0123] In an exemplary embodiment, NHL or an autoimmune disease may be treated with 4 weekly
infusions of a humanized anti-CD20 antibody at a dose of 100-400 mg/m2 weekly for WO
2010/01169¥OCTIVE26/079/051321 4 consecutive weeks (iv. (intravenously POFEYS2BHEULSY, repeated
as needed over the next months/yrs. Alternatively, the humanized anti-CD20 antibody may be

administered al@neRse«fl 100RBOVMOINZ SR6E eYSYs0Iiervingl X Lyenvibirdossekoinp4 to 8
injections. In another alternative, NHL may be treated with 4 wee%légigfusions as above, or injections

less freqiditly BeshobvesipeoireSHitd-efiRinand katet BB nlitartdd. LB on the
same dayssat-30905¢ @fI3GRMAMABUSAIRS dah BOEGHSRRESDY HURIgN QvElrdniedmeither before,

during or after the anti-CD20 monoclonal antibody infusion. Or, the antibodies used in combination

therapy HaysHsHBeMsHISEs f RedrAnnlasatitRiprdecnndpenal by hichate awd Bhtbfrfatent
weeks, f%'é'ﬁ&gekh%fé} WGGfgéy@n&Yﬁ[m&ﬂ% WKS@JSM‘M@U@ME@I&H ﬁﬁguﬁﬁl&ﬁxfm each of 4to 8

or more doses. These dosage schedules may then be repeated at different intervals, such as every
3-6 montMARBEHYING BRI [SatiEHPY ENflt “é?aﬁaéeaﬁfge?é%%ﬁscmf‘é&eﬁwzﬁ&aﬁ?ﬂrebhﬂ%ﬁn|n a

further alignsiives Mdlonachsenated whdmwaakliyinbssions inRssfessast infusiens, of an
anti-CD20 antibody, combined with one or more injections of CD22 MAD radijolabeled with a

therapeufORGIoHE Sutlif slaimed medrisad REasgaLE bmpo bt ieees i adishesadeiet-square as
one or mpy&iRieetidAs aver a period of weeks or months). U.S. Serial No. 09/590,284, incorporated
herein by reference, discloses immunotherapy of autoimmune disorders using an anti-CD22 antibody.
10124] In 002A B DISERAHErlns RSP R S S 20 B S R Been
engineerggitobR particubriy.efBaasionst sUCP0as, \eHuzumab rRaay-headministened aitityidow
dosages for treatment of diseases such as B-cell diseases, such as _B-cell lymphomas or leukemias,
systemic%@é’iﬂﬁ‘é’?ﬁﬂtﬁ%&??&ﬂ&ﬂ%ﬂﬁ%ﬁ%} ABR3RS Ak RO IDHh P RBFHS G fGfestate,
tlu-ombogytapeRisnpel PDEA B Bamwaistis valgEs)s, Bk Wélhat seeh donttingitisaases as GVHD,
hemolytic anemia, ¢ryoglobulinemia,.allosensitizatjon, and argan transplant rejection. As described in
the followtE EXSHIRR, HSE st TS K GG SRR S0HPRE e HEHERAL P ERHAS o ess,
most pretetatitis 30tpedasslessindalysbesefficaciawd wharadministered to a human subject. Such
dosages eferably be administered two.qQr more times tq the supject at an jn of about one
(o oo JATIS) Gty aSHBE RO G AR DI BB R o e ekl such a in
a fractionatedrdosihg yHaighdipla ¢omiinycod HarmBaVErBlawmEieks, (fviefemashia pseleriadimcertain

diseases, such as,.for example nic | hocytic leukemia). Surprisingly, such loy doses of highly
effoaciol SO0 AL NS JERIEA T SUELLiE R B SHAEH M deptete
circulating &2 eebmandiap erhibihtaengiawib of Baselkralate dnM¥cU2 Q3 {ad k69 IR HAIRA009/051321
tumors. Administration of low dosage anti-CD20 antibodies is preferably by intravenous or

subcutan@ua ARRNSHBYIETAY HstriB B hYRE ERBKSHRS BTN AS AR T PP 9br
low-dosagerdmisicatiamefsyelizupnizichave heemdéaisadtanarkhvellan tepirsieanfiithe claimed

methods and may be utilized, For exarcr}ﬁle in a mouse model system of Burkitt ymphoma, a single

i.p. (intraferdireapsteialinlitanddial Pt ciorm 81 25 lod REBNGG N ERG YaMEBSper 20 gm mouse
Eroﬁuceq@fignii&awo@@ﬁd ' gasgléfelioﬂi@owmmlﬁmaa@dd@i ¢ﬂnm§&®imgli@rc&&5ﬂﬂ@| Lat,)ting rt1o z;]l 70
g human the 5 kg dosage would be ivalent to a single 17.5 mg injectio veltyzumab, A higher

mouse G4 6t %‘o?@?ﬁ%@‘&%ﬁéﬁyﬁ%f&%ﬁ% ﬁ?&?&t&rv &§°m R}Hdg%?%ﬁﬁ‘ih?&é\%d as a
single i.ppPrs&ictdyetjorrheuHEHalh fRatatiEdele breEiasada Wisdre suivival dHenickaryplend3).
Dosages.in mice as low as 0.05 ktg single dose (equivalent to 0.175 mg for a_70 kg individual) still
resulted 1S5 LSGHMOARE PR it ﬁ‘?%?ﬂ‘ﬁ\?gll?@}%fti% Rg%%ii;ﬁigfl%;ﬁﬁr g?wé—%ibﬂh@%%@% mean
survival theecidénda Byckhidardpaagedimayy predides, SIgRifisan ity aveManid diapus soetrols, the
effective treatment .of B-cell related diseases may utilize some t higher dosages for better
thorape it HBER INBHEAFIIAG CHLHIPIR T IE AT Aot OPE TS b MM G 2 doses at
an intervalghiwoiwseksiroiaponies 5); % enceweesB) dokesaafahB8ouig Bt g ém B} kenveliéizumab
(Example 15), 4 doses of 80. mg, veltuz b_administer C. at tw intervals (Example 15), 4
weekly d%%é gfrgoa%ﬁgé?@ﬁ%ﬁu%%ﬁ; é)fé?ﬂb%%ﬁ?%é@sag?ofg%%;%ltﬂ? B@.‘E? at two
week intsadgilofExteagteot Whidbse nob4orgdatietubiatkfzientyiCEhysRRIydar @ wwew ks igakample 18), 2
doses of 40 m% veItugumab S.c. 2 weggs apart (Example 1?1&, %%osl,%e@é)f 120 mg veltuzumab s.c.
weekly(EXAMBEZ65 B HSHATSS SHIR AR EF 15 Yt CERUDSHAD R3IBHEE 3 40 i L1 (WHBRY for 3
weeks (Exaibpdée? by, shisbodinfestivnsto iy Brguvditedumab at zero, 8, 12 and 21 days (Example 22)
and 4 s.c. injections of 80 mg veltuzumab two weeks apart (Example 16). It is noteworthy that in the
latter case (Example 16), a single s.c. injection of 80 mg veltuzumab produced a significant regression
of a tumor neck mass and rapid depletion of circulating B-cells. Example 24 shows that 4 once-weekly
doses of veltuzumab as low as 80 mg/m2 resultecth complete responses in at least some human
patients with NHL. [0126] The skilled artisan will realize that the disclosed dosages of veltuzumab are

exemplary only and that other non-limiting dosages may be utilized in the practice of the claimed
maoathnde ciirh acE 10 15 20N 292K 2N 2AE A0 AE EN EE AN AE 70N



75, 80, 85, 90, 95 or 100 mg veltuzumab (total dose) or 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95 or 100 mg/m2 veltuzumab, administered i.v. or more preferably s.c.
Potential usBf12HA§&8T In certain embodiments, velruzumab may be proVtEd i3fdaH of prefilled
syringes or autoinjection pens, formulated for s.c., i.v. or other parenteral injection, at a dosage of 10

to 180, 1fotardPh mihRE): 108 MY IPalR EA TN EnHA 10 (R ME O bty Linerchnas oheasagss.

produce human antibodies may be used to generate antibodies against essentially any
immunogenic target, using standard immunization protocols. Methods for obtaining human
antibodies from transgenic mice are disclosed by Green et al., Nature Genet. 7:13 (1994),
Lonberg et al., Nature 368:856 (1994), and Taylor et al., Int. Immun. 6:579 (1994). A non-
limiting example of such a system is the XenoMouse® (e.g., Green et al., 1999, J. Immunol.
Methods 231:11-23, incorporated herein by reference) from Abgenix (Fremont, CA). In the
XenoMouse® and similar animals, the mouse antibody genes have been inactivated and
replaced by functional human antibody genes, while the remainder of the mouse immune
system remains intact.

[0077] The XenoMouse® was transformed with germline-configured YACs (yeast artificial
chromosomes) that contained portions of the human IgH and Igkappa loci, including the
majority of the variable region sequences, along with accessory genes and regulatory
sequences. The human variable region repertoire may be used to generate antibody
producing B-cells, which may be processed into hybridomas by known techniques. A
XenoMouse® immunized with a target antigen will produce human antibodies by the normal
immune response, which may be harvested and/or produced by standard techniques discussed
above. A variety of strains of XenoMouse® are available, each of which is capable of
producing a different class of antibody. Transgenically produced human antibodies have
been shown to have therapeutic potential, while retaining the pharmacokinetic properties of
normal human antibodies (Green et al., 1999). The skilled artisan will realize that the
claimed compositions and methods are not limited to use of the XenoMouse® system but
may utilize any transgenic animal that has been genetically engineered to produce human

antibodies.

24



[0127] Exemplary ranges of low-dosage velruzumab for s.c., iv. or i.p. administration may be less than
| mg, Ito 2 mg, Ito 5 mg, 1 to 10 mg, Ito 20 mg, Ito 50 mg, Ito 75 mg, I1to 100 mg, 2 to 5 mg, 2 to 10 mg,
2 to 20 mg, V2809369 to 75 mg, 2 to 100 mg, 5to 10 mg, 5 to 20 mg, 5 BEIEREVE 20 mg, 5 to
50 mg, 5to 60 mg, 5to 75 mg, 5 to 100 mg, 10 to 20 mg, 10 to 30 mg, 10 to 40 mg, 10 to 50 mg, 10 to
60 mg, 1P{8d{retiBl ot A RibOAY FPaghhéAg0 Mg, 20 to 40 mg, 20 to 50 mg, 20 to 60 mg, 20 to 75 mg,
20 to 100 mg, 25 to 40 mg, 25 to 50 mg, 25 to 60 mg, 25 to 75 mg, 25 to 100 mg, 30 to 40 mg, 30 to
50 mg, 3 %b%a?gwgaz@m@,s I0UENIEEN%HRY 22 6PES 51§ ARYCPOEBPFE AR FROWD to 100 mg,
50 t0 60 PG FQIR. 7 THEGnBOO R RE AR BiRAHE BB S0 A000E, B:10a) @2 OF 75 to

100 mg. Alternatively, the same ranges in mg/m2 may be administered to a human subject. As

discusseHah-theRxap % 5elovAndUbR ik déshdeltets sambbadecse &y BARWhASHE Wtective
at least iR emimatiFeaehystanms/NH50 MecexamRiant b uiri aubigaisiniih Biceliretaiad Jeykemias

or lymphomas or autoimmune diseases, or other immune diseases. [0128] The compositions

desciibed®hBeliahre:psmaRHy AUt oF e AR ertRIF iR IS Al R BR S WEued diuifet as
indolent fgrmo9d, Bigellympbamas | agoresaivesfespia ohdBeasy ivennhemmas shraschsmpiranic

leukemias, acute lymphatic leukemias, and Waldenstrom's macroglobulinemia, as well as GVHD,
cryoglobSiAERGRES M dhresisedibecilistEnsitization, and organ transplant rejection. For example, the

humanizegoanti-£ RRE @pkinady Gasmane NsRnddmprisosonugaiescambevused iatieatikoth indolent
and aggressive farms of non-Hodgkin's lymphoma, varigus autoimmune diseases (e.%., rheumatoid

arthritis, SLENS ¥ SODANFSRIEHAMOHR add &R AidimilGe thiomBYRRIpRRIL 3t ! and

various otbesliRUnEkeiseRags fatgami@nshlamdiatti, mueh ascidaeyaatheatdejiestion, GVHD

after allogeneic stem cell transplantion, and immune hemol ticg&gmia). 0129] As désgussed supra,
-ce

the antibSUiR8 e e SnaSE e daig Beden ymbHEmMA' 8na & i ahathdoas ctiPdidiases or
disordersR Bxepalan My mas 0 warsiers dtetamnay be aageBdvisichure srutedymplddbasietukemia,

chronic | ic leukemia, Hodgkin's | homa, hon-Hodgkin' tiple myeloma.
WO 20151001 SObEET e B AT T SO A DAL REh et et B.col
related aytodmminaerfisersasrtitlbdirgetdass 1l autoimmune diseases such as immune-mediated
thrombo njas (acute idiopathic thrombocytopenic purpura and chronic idio iC

bt e A R A G R —
chorea, miyabtdgriatgraxiseSystemie. lupliseiytiematesus the DN Aephtitisfohgmagmeeverin
rheumatoid arthritis, polyglandular syndrgmes, hullous pemphigoid, diabetes mellitus, ..

Honoon SOBHE TATEHFA DS PE L BEPHE ShARE e RN ML B ARA BRI s
Addison'sdliseasen Sanecidasiskoll eatmbiyle, colitisz grie oien maghiicingey dpAmnapduepathy, polyarteritis

nodosa, ankylosin dylitis, Goodpasture's syndrome, thromboangitis ohliterans, primary biliary
o TGS SIS Ttk e R ORRS A SR eN B o
polymyoditishdédenbtom YO SitiBateatysbardoris ops mphigsc] vedJarid, rvVageosy sogtanusdbinatos)s,
membranous nephropathy, amyotrophic lateral sclerosis, tabes dqrsalis,.giant cell .
rterte B R DU S A TR g i STORSRLL it AR ERSLers aveoli.
[0131] Aticsp D208 ABOdiIERMapatsn Biduterapo@iodisdn ey, Bdessing e i DROTAIODSN. For

example, | W tﬂg apoptos| uld be induce ing | J;%id cells th E ve
Ferobepo AL T Gl Pl oA thEE e eI S0 S BREs o oancer
Immunol2ItndumadtBei0 48(12).673-683 (2000). Further, it was reported that aggregates of a chimeric
CD20 MAD, i.e., homopolymers, induced apoptosis. See Cihetie et al., Blood 97(5): 1392-1398 (2000)
and Ghetie et al., Proc. Natl. ,4 cad. Sci USA 94(14): 7509-7514 (1997). Kits [0132] Various

embodimBisisecikly o ddubtisjecfictAintitepdisnponents suitable for treating or diagnosing diseased

tissue in g pafient. Exemplans ts may coRialn alisast one anidbady antigen bindiag kagment or
fusion protein as d8sEriet herein: e compasition containing comp PErts Tor administration is not
formulatedbispaiéfiventiviad theightnediagystentdy suschaschll sudladehweigsneade Vioen dapalble of
delivering the kit components trugh, some oiher route may, b 'TL%%%F’ Os”%c%{%ear%ﬁg ice, for
applications Such as parentera de |ve¥y, IS a‘syringe that Is used fo mwct%hg composition Into the
body of asulgecinmhplddatiorndevieeSID3aapatge be lisedls imeetasn embadiiméntscdmantr@z20

antibody or antigen il/)\li}nbfij‘in fragme tté@ of, s c%as v £ Imak,ma vided in the form of a
orefilod SIS g Sy P S ot B T EREAe o st
liquid formathtidnvaithyppelded repatiat onropasingedyetstpndbitdieg site Clim Mher-2006jated
28:1619-29). [0133] The kit components may be packaged together or separated into two or more
containers. In some embodiments, the containers may be vials that contain sterile, lyophilized
formulations of a composition that are suitable for reconstitution. A kit may also contain one or more
buffers suitable for reconstitution and/or dilution of'dther reagents. Other containers that may be used
include, but are not limited to, a pouch, tray, box, tube, or the like. Kit components may be packaged
and maintained sterilely within the containers. Another component that can be included is instructions
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immunoglobulin, where optionally at least one of the amino acid in the all otype positions is changed to
that found in a different IgG1 allotype, and wherein optionally amino acid 253 of the heavy chain of EU
based on th® EPHUMBEY system may be replaced with alanine. See EdelmBTeR0WMEd3Natl. Acad.
Sci USA 63: 78-85 (1969). [0136] Also encompassed is a method of expressing antibodies or antigen
binding fragmants ierepbardusicaRratains «J heiskiledadisnaindlsiealiza thrineibeds ahaenetically
engineering expression constructs and insertion into host cells to express engineered proteins are well
known inSPiEugtet P SheraREV S PE AR S EFRtAtOAS B BN ! RS RIS 4B e &presSion of
cloned amijhadins Oraiigen bindizg raomentadrvedsessy tlesosbediy Ssaomlani Rt fiaient
Application Serial Nos. 11/187,863, filed 7/25/05; 11/253,666, filed 10/20/05 and 11/487,215, filed
7114106, tRefieRAhfAEE Sbrihdr earPOr W& R EHERAE herein by reference. General
techniquegoipr|CRRBHLIEHOMAbaNEsCORRAMDaian dOLA T TR Wi (¥BriabladiohipRain) andny!
(variable heavy chain) sequences for anti-CD20 antibodies may be obtained by a variety of molecular
cloning pfBE¥HRE; KhEhALREYPRAR by MRINEE IBHY PR i%?é}%mé%h%@éﬁféaﬁw?ﬁé Vv
genes ofp, antisc 38D MAb framsa eatkthal expressess, manne@sti-SR0 Nabcemmbesioned by

PCR amplification and sequenced. To_confirm their authenticity, the cloned VL and VII g}enes can be

expresset MMEIP ke Batgrtntitreric Aboas w8 ndd by kiRl wtdr3 o8 NBH AR sci., usA,

86: 38331t438ONeo Baged a0heMwene SeapabreNoa NBFAMZsdnumt @20 NbAdgan then be
designed and. constructed as described by Leur;g et at (Mot Iminutwt, 32: 1413 ﬁ1995 ). [0138] cDNA

can be pfoRRHGH IR BNy Gt AV ERADAIA fHeSor Lt ged 2 e piBatidiiea R A &nti-cD20

MAD by gersg gismolganas cogingieahnighesfdanbrarkiet ab/dioerms)anLirings.8 laboratory
manual, 2fid Ed (1 892). The Vic sequence for the MA m?@?& lified using the primers VK1BACK

o VK L EER MR R G APRUEE B SRE NS 43R Sl S RSk By Fadep lsb gretion
(Biolechriguash dis 2861293 plitivilisesiponaes anibe preplidadeusing the primer pair

et dos I R B i D e (oG IR LAe vt S e A A Shtaming
10 1A of st Sk aRA pradiat AQOBIARER DMK MWK LOBMM TS HC (oH
8.3), 15 mM Ci12, .01% . {i in E t N CT), 25/

AR A O St b G Gyt S e A b e R A
D e s o
consists u | n, | . . nin, 1Zzaltl

i R TR A AT B S S S AR A hmomd, CA)
The humaniZebld/fgenesicanckeabassiaiedoynd compisaiiag. ofdeng g)]igbs\.LMe@t.ideotsemplate

0] P T R e S T D T 45 o miaging

vector, VKPBRIRaT Odniaizs 2044, pPonvodes,al 8igheBs papide, se2juahice @rid5o8neasigabazstriction

o 2 Siion B R S R I G B e B I8 g e
respective, PG RO aE1soMa 6 I9d Sequehodd, b3 f6rod8a0npl e, 938, fagthnalafBangen etéd.5(Proc. Mut
Acad. Sri,,

(ogether ARG BrORIEr At g b CerRERe A g UG N VB QRA VHpBS,

respectivelys hyato 68 4S5tichioR IHGS sticBY &8 FinGi B2 B aRk16 /880 1HEkts, ShiiedMic @BANMIdEXpression

cassette li into Iat ressi S i ) Lrespectively
(Coung 0D O 15 A0 Lot} N B e St Do L B 04 RUEted T an
appropriai@ ta206; ¢, 7038 Mma BE708AGTZAATE G, 76A), Idolesiies e 61eai{o8 hygitryein resistance,
and supe luj ito, 0 QR Q imer} ni J i-CD20 MADb
By, for o HETE A ELTS kst AP e Re VAT e o LS B Sak e
assembleéchBPIH 7 ARt agis BE6t TS SYRPBRDARA IHHEBER7 3k cts6tBakiXmbBhntd] and

Cescrbed By e O P o R S e e e S ™
Cancer, 80i12B8081Q97%) 7ANCIIE2 18506, e, 05 trsefifd2s e (GB v dthro . ad4e4eribeddN Barnes et at,

Cytotech 2:1Q9; ( ), Qther. )]y 1mali p ] yst e described
in Wern e@%?g’%,ﬁf?g h9 e%%o%rg%ﬁfggazga%fz&? ﬁ@? IE’?(@BFB?G{SS@%%@E%@Sﬁg’nSfection
and assay. 462 A(body 3847 tngO8loResGOB LESAL cbd e L arred, Sl ds4mlonE. Rbud44 1.1g of
VKpICh (light chain expression vector) and 20 ttg of VHpG1g (heavy chain expression vector) can be
used for the transfection of 5 X 106 SP2/0 myeloma cells by electroporation (BioRad, Richmond, CA)
according to Co et al., J. Immunol., 148: 1149 (1992). Following transfection, cells may be grown in
96-well microtiter plates in complete HSFM mediufit (Life Technologies, Inc., Grand Island, NY) at
37C, 5% CO2. The selection process WO 2010/011697PCT/US2009/051321 can be initiated after
two days by the addition of hygromycin selection medium (Calbiochem, San Diego. CA) at a final

~onrantratinn of E00D 1inite/m! Af byivarormyiein Caloniac ftvnicallyr amarna 2.2 woaonlre



[0145] The CDR sequences of cA20 and hA20 are identical to those of rituximab (parental murine
MADb C2B8), with the exception of the third CDR of the heavy chain (CDRH3). For convenience, the
heavy chairCIAR188d1Erices are referred to as CDRHI-H3 and the light ch&RTASRUS BRI 1-1.3. Of
the reported CDRH3 sequences for anti-CD20 antibodies. only C2B8 and the corresponding rituximab

have an gsparaging eeidye.a kabahpasiion 481 ¢[9A6DIhedsamenv i region senueness of
veltuzumab (hA20) were constructed usiné; the same human IgG donor framework regions (FRs) as

the humzhi8efdniicet837 Hhitfhdd Wb 20108701 6 ETAI 8280005 3583 eprdithzfaB{Leung et al.,

Mol Immeneicle9fic3RrAL418-4428) Sneciically Fisds HRR. GHSEERS. of 1he Muman g antibody and
FR4 of the human NEWM antib(gz’{ were selected for the hea;g chain and the FRs of the human RE1
T

antibody Wit §&Febrddhor thé Rgfr trvaity St e Huhihizdd: Ra2d-REBAY 7 AS tiselBseldh u.s.
Patent Ng. 154514164 deyemuwinscresiuas waoe rsiomethin g7k Bsiosipainian Medginding specificity

and affinity of veltuzumab for CD20 similar to those of trki(e%l&arental murine antibody. The heavy chain

of hA20 (hABOVALY AR Rifidochihges!forrineHdmar: EOHfamewatks; tlile-tie-fight Bfain of

hA20 (hAZQ)ip)ERIAIDS SEYRN AMWAGRGIK fbapeesdiaBréne I3 R fiamauorkdle e BRI NG
7,151,164). [0147] A.comparison of the variable region sequences of cA20, hA20 and rituximab (from

c2B8) is SABUHIGHAie Yapefiothstantibre e Anchiheiph NP B AgR LB Al BR&20) in the

variable yimenetk e gianseblihandidantcal Gddtenass | inawaabsddngitiamamddaiagienisaquences
of cA20 are identica).to those of rituximab (c2B8), with the exception of three amino acid residues at

the N-terAWRSERY SFIRSTHOEHLH, WHAE R B eRBRCdyior LRGeS e of ftfkdm&hand

veltuzumrig Bifteidas I8IPS 0 ULt dbefig bh Ghadeandaidk rasicluesdnitha fieavychab afhe 6IDR
sequences of rituximab differ from those of veltuzumalécéhAZO) and cA20 only at Kabat position 101 of

the VH of CBRS. [OF48{ 8 dadiisedrmais poiBRmMarexamRadics ety A ABPAR I EXTNED differ
significantpawithntespest preibienate el dissrestien itonmGRilepasitive-ly arghamproe fisoasd in certain
therapeutic characteristics in yivo and in vitro. Tq determine whether or not these changes in
characte AECEHRd e S0 1RA ?égée%]éllﬂﬁférgﬁgg?%wﬁdﬁw 8tk sequence or the substitution of Asp

for Asn a[ﬂsalp]al\mséti@ﬁs h&l}@ﬁ@@ﬁb@b@u\ﬂlbgpeﬂ&a@bpﬁﬂﬂtwmﬁmlﬁmaawé Bteaf\awas
o oLl e i e o Rl A opagone =
veltuzumah .| Rothemddtails plthe atnstlstiosh of ROHbarePrewdedbeleventabBidpediipares the
CORYS eSS sfielyneh, 20, IO e A, o f i e el
different hybridomas, each producing a monoclonal antibody recognizing a different
antigenic site (Milstein and Cuello, Nature, 1983; 305:537-540).
[0085] Another method for producing bispecific antibodies uses heterobifunctional cross-
linkers to chemically tether two different monoclonal antibodies (Staerz, et al., Nature 1985;
314:628-631; Perez, et al., Nature 1985; 316:354-356). Bispecific antibodies can also be
produced by reduction of each of two parental monoclonal antibodies to the respective half
molecules, which are then mixed and allowed to reoxidize to obtain the hybrid structure
(Staerz and Bevan, Proc Natl Acad Sci USA 1986; 83:1453-1457). Another alternative
involves chemically cross-linking two or three separately purified Fab’ fragments using
appropriate linkers. (See, e.g., European Patent Application 0453082).
[0086] Other methods include improving the efficiency of generating hybrid hybridomas by
gene transfer of distinct selectable markers via retrovirus-derived shuttle vectors into
respective parental hybridomas, which are fused subsequently (DeMonte, et al., Proc Natl
Acad Sci USA 1990, 87:2941-2945); or transfection of a hybridoma cell line with expression

plasmids containing the heavy and light chain genes of a different antibody.
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[0087] Cognate Vi and Vi domains can be joined with a peptide linker of appropriate
composition and length (usually consisting of more than 12 amino acid residues) to form a
single-chain Fv (scFv) with binding activity. Methods of manufacturing scFvs are disclosed
in U.S. Pat. No. 4,946,778 and U.S. Pat. No. 5,132,405, the Examples section of each of
which is incorporated herein by reference. Reduction of the peptide linker length to less than
12 amino acid residues prevents pairing of Vi and Vi, domains on the same chain and forces
pairing of Vy and Vi, domains with complementary domains on other chains, resulting in the
formation of functional multimers. Polypeptide chains of Vi and Vi, domains that are joined
with linkers between 3 and 12 amino acid residues form predominantly dimers (termed
diabodies). With linkers between 0 and 2 amino acid residues, trimers (termed triabody) and
tetramers (termed tetrabody) are favored, but the exact patterns of oligomerization appear to
depend on the composition as well as the orientation of V-domains (Vy-linker-Vy, or Vi -
linker-Vy), in addition to the linker length.

[0088] These techniques for producing multispecific or bispecific antibodies exhibit various
difficulties in terms of low yield, necessity for purification, low stability or the labor-
intensiveness of the technique. More recently, a technique known as “dock and lock™ (DNL)
has been utilized to produce combinations of virtually any desired antibodies, antibody
fragments and other effector molecules (see, e.g., U.S. Patent Application Publ. Nos.
20060228357 (now issued U.S. Patent 7,550,143); 20060228300 (now issued U.S. Patent
7,521,056); 20070086942 (now issued U.S. Patent 7,534,866); 20070140966 (now issued
U.S. Patent 7,527,787); 20070264265 and 20090060862 and USSN 12/418,877, filed April 8,
2009, the Examples section of each of which is incorporated herein by reference). The
technique utilizes complementary protein binding domains, referred to as anchoring domains
and dimerization and docking domains, which bind to each other and allow the assembly of
complex structures, ranging from dimers, trimers, tetramers, quintamers and hexamers.
These form stable complexes in high yield without requirement for extensive purification.
The DNL technique allows the assembly of monospecific, bispecific or multispecific
antibodies, either as naked antibody moieties or in combination with a wide range of other
effector molecules such as immunomodulators, enzymes, chemotherapeutic agents,
chemokines, cytokines, diagnostic agents, therapeutic agents, radionuclides, imaging agents,
anti-angiogenic agents, growth factors, oligonucleotides, hormones, peptides, toxins, pro-

apoptotic agents, or a combination thereof. Any of the techniques known in the art for

28



N WO 2010/011697PCT/1JS2009/051321 cA20

WO 2010/011697 PCT/US2009/051321

making bispecific or multispecific antibodies may be utilized in the practice of the presently

claimed methods.

Pre-Targeting

[0089] Bispecific or multispecific antibodies may be utilized in pre-targeting techniques.
Pre-targeting is a multistep process originally developed to resolve the slow blood clearance
of directly targeting antibodies, which contributes to undesirable toxicity to normal tissues
such as bone marrow. With pre-targeting, a radionuclide or other therapeutic agent is
attached to a small delivery molecule (targetable construct or targetable conjugate) that is
cleared within minutes from the blood. A pre-targeting bispecific or multispecific antibody,
which has binding sites for the targetable construct as well as a target antigen, is administered
first, free antibody is allowed to clear from circulation and then the targetable construct is
administered.

[0090] Pre-targeting methods are well known in the art, for example, as disclosed in
Goodwin et al., U.S. Pat. No. 4,863,713; Goodwin et al., J. Nucl. Med. 29:226, 1988;
Hnatowich et al., J. Nucl. Med. 28:1294, 1987; Oehr et al., J. Nucl. Med. 29:728, 1988;
Klibanov et al., J. Nucl. Med. 29:1951, 1988; Sinitsyn et al., J. Nucl. Med. 30:66, 1989;
Kalofonos et al., J. Nucl. Med. 31:1791, 1990; Schechter et al., Int. J. Cancer 48:167, 1991;
Paganelli et al., Cancer Res. 51:5960, 1991; Paganelli et al., Nucl. Med. Commun. 12:211,
1991; U.S. Pat. No. 5,256,395; Stickney et al., Cancer Res. 51:6650, 1991; Yuan et al.,
Cancer Res. 51:3119, 1991; U.S. Pat. No. 6,077,499; U.S. Ser. No. 09/597,580; U.S. Ser. No.
10/361,026; U.S. Ser. No. 09/337,756; U.S. Ser. No. 09/823,746; U.S. Ser. No. 10/116,116;
U.S. Ser. No. 09/382,186; U.S. Ser. No. 10/150,654; U.S. Pat. No. 6,090,381; U.S. Pat. No.
6,472,511; U.S. Ser. No. 10/114,315; U.S. Provisional Application No. 60/386,411; U.S.
Provisional Application No. 60/345,641; U.S. Provisional Application No. 60/3328,835; U.S.
Provisional Application No. 60/426,379; U.S. Ser. No. 09/823,746; U.S. Ser. No. 09/337,756;
U.S. Provisional Application No. 60/342,103; and U.S. Patent No. 6,962,702.

[0091] A pre-targeting method of treating or diagnosing a disease or disorder in a subject
may be provided by: (1) administering to the subject a bispecific antibody or antigen binding
antibody fragment; (2) optionally administering to the subject a clearing composition, and
allowing the composition to clear the antibody from circulation; and (3) administering to the
subject the targetable construct, containing one or more chelated or chemically bound

therapeutic or diagnostic agents. The technique may also be utilized for antibody dependent
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enzyme prodrug therapy (ADEPT) by administering an enzyme conjugated to a targetable

construct, followed by a prodrug that is converted into active form by the enzyme.

Therapeutic and Diagnostic Agents

[0092] In certain embodiments, the antibodies, antigen binding antibody fragments or fusion
proteins described herein may be administered alone, as a “naked” antibody, antigen binding
fragment thereof or fusion protein. In alternative embodiments, the antibody, antigen binding
fragment thereof or fusion protein may be administered before, concurrently with, or after at
least one other therapeutic agent. In other alternatives, an antibody, antigen binding fragment
thereof or fusion protein may be covalently or non-covalently attached to at least one therapeutic

and/or diagnostic agent to form an immunoconjugate.

[0093] Diagnostic agents are preferably selected from the group consisting of a radionuclide, a
radiological contrast agent, a paramagnetic ion, a metal, a fluorescent label, a
chemiluminescent label, an ultrasound contrast agent and a photoactive agent. Such
diagnostic agents are well known and any such known diagnostic agent may be used. Non-
limiting examples of diagnostic agents may include a radionuclide such as 1o, M, 7Ly,
BR S2Fe. 62y, #Cu, “'Cu, YGa, ®Ga, Y, Y, ¥Zr, T, Te, O™, 1207, 1231, 1241, 125,
131 154158G4. 32p 1o, BN, 150, 18Re, % Re, S'Mn, *2™Mn, ¥Co, "As, "*Br, "Br, *"Rb, ¥Sr,
or other gamma-, beta-, or positron-emitters. Paramagnetic ions of use may include
chromium (III), manganese (II), iron (III), iron (II), cobalt (II), nickel (II), copper (II),
neodymium (III), samarium (III), ytterbium (III), gadolinium (III), vanadium (II), terbium
(III), dysprosium (III), holmium (IIT) or erbium (III). Metal contrast agents may include
lanthanum (III), gold (III), lead (II) or bismuth (III). Ultrasound contrast agents may
comprise liposomes, such as gas filled liposomes. Radiopaque diagnostic agents may be
selected from barium compounds, gallium compounds and thallium compounds. A wide
variety of fluorescent labels are known in the art, including but not limited to fluorescein
isothiocyanate, rhodamine, phycoerytherin, phycocyanin, allophycocyanin, o-phthaldehyde
and fluorescamine. Chemiluminescent labels of use may include luminol, isoluminol, an

aromatic acridinium ester, an imidazole, an acridinium salt or an oxalate ester.

[0094] Therapeutic agents are preferably selected from the group consisting of a radionuclide,
an immunomodulator, an anti-angiogenic agent, a cytokine, a chemokine, a growth factor, a

hormone, a drug, a prodrug, an enzyme, an oligonucleotide, an interference RNA, a pro-
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apoptotic agent, a photoactive therapeutic agent, a cytotoxic agent, which may be a
chemotherapeutic agent or a toxin, a second antibody or fragment thereof and a combination
thereof. The drugs of use may possess a pharmaceutical property selected from the group
consisting of antimitotic, antikinase, alkylating, antimetabolite, antibiotic, alkaloid, anti-

angiogenic, pro-apoptotic agents and combinations thereof.

[0095] Exemplary drugs of use include, but are not limited to, 5-fluorouracil, aplidin,
azaribine, anastrozole, anthracyclines, bendamustine, bleomycin, bortezomib, bryostatin-1,
busulfan, calicheamycin, camptothecin, carboplatin, 10-hydroxycamptothecin, carmustine,
celebrex, chlorambucil, cisplatin (CDDP), Cox-2 inhibitors, irinotecan (CPT-11), SN-38,
carboplatin, cladribine, camptothecans, cyclophosphamide, cytarabine, dacarbazine,
docetaxel, dactinomycin, daunorubicin, doxorubicin, 2-pyrrolinodoxorubicine (2P-DOX),
cyano-morpholino doxorubicin, doxorubicin glucuronide, epirubicin glucuronide,
estramustine, epidophyllotoxin, estrogen receptor binding agents, etoposide (VP16), etoposide
glucuronide, etoposide phosphate, floxuridine (FUdR), 3',5'-O-dioleoyl-FudR (FUdR-dO),
fludarabine, flutamide, farnesyl-protein transferase inhibitors, gemcitabine, hydroxyurea,
idarubicin, ifosfamide, L-asparaginase, lenolidamide, leucovorin, lomustine,
mechlorethamine, melphalan, mercaptopurine, 6-mercaptopurine, methotrexate,
mitoxantrone, mithramycin, mitomycin, mitotane, navelbine, nitrosurea, plicomycin,
procarbazine, paclitaxel, pentostatin, PSI-341, raloxifene, semustine, streptozocin,
tamoxifen, taxol, temazolomide (an aqueous form of DTIC), transplatinum, thalidomide,
thioguanine, thiotepa, teniposide, topotecan, uracil mustard, vinorelbine, vinblastine,

vincristine and vinca alkaloids.

[0096] Toxins of use may include ricin, abrin, alpha toxin, saporin, ribonuclease (RNase),
e.g., onconase, DNase I, Staphylococcal enterotoxin-A, pokeweed antiviral protein, gelonin,

diphtheria toxin, Pseudomonas exotoxin, and Pseudomonas endotoxin.

[0097] Immunomodulators of use may be selected from a cytokine, a stem cell growth factor, a
lymphotoxin, a hematopoietic factor, a colony stimulating factor (CSF), an interferon (IFN),
erythropoietin, thrombopoietin and a combination thereof. Specifically useful are
lymphotoxins such as tumor necrosis factor (TNF), hematopoietic factors, such as interleukin
(IL), colony stimulating factor, such as granulocyte-colony stimulating factor (G-CSF) or
granulocyte macrophage-colony stimulating factor (GM-CSF), interferon, such as

interferons-a,, -3 or -y, and stem cell growth factor, such as that designated "S1 factor".
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1Residues marked as are identical to those of veltuzumab in the same position. Example 2.
Construction of DIOIN Sequence Variant of Veltuzumab [0149] All restriction endonucleases and other
enzymes wY® gliAEad from New England Biolabs (Beverly, MA). OligornRfceBizes/(pdsa1
synthesized by Sigma Genosys (Haverhill. UK). PCR reactions were performed using Amplitaq
polymeragge|(Appliath Biaa¥eManFOste bloith Govrnt aBatkin FEimal (et sisynMANEieneAmp
PCR system 9600. Two PCR reactions using hA20-pdHL2 %see U.S. Patent No. 7,151,164) vector as
a templaf8HatHesRBhe ek bepinerBLiRO¥INS §5peyfRy hormone; parathyroid hormone;
(cogtgactggtacticaaeitiagaentadag caskac doRRR NRdohraRth 3 s {aaagsitanggrcacgatce
SEQ ID NO:18) or 3' D101N (cgtggtgccttggccccagacattgaag taccagtcaccg SEQ ID NO: 1 9) and 5'
Xhoi (cctéa@g&ée&aa@a@&é{‘sﬁé I‘gyﬂﬂﬁéﬁﬂbﬁ%ﬂﬁéé‘&@l@%g 18N URRAAEROTESE Ctively. A
third PCRUBRCHGRAHSING RMixiuse plohesthUhp Ardiiad brpiadusis-as-isnlateiasitie 5' Xhol and

3' Hind3 primers produced a 680 bp amplimer, which was gel isolated and cloned into the pGemT
PCR clonffPeertstR Protidy L RAAAISTIR S WIS S8gudhBUdrtinn ARMIRRE TS epsfimdd by

automateg A SpaHeRCRg IR RER PREBIMRBLVAS fXcisedHiomdna plaanTta@stor with Xhol and
Hind 11l restriction enzymes and ligated into the hA20-pdHL2 vector, which was prepared by digestion

with the $BIF& 18 IYRIBRORHE L IERL QTP ther A RLRSE. BFDINNAZE: plIotgray EbliiRted by

automatachRANASRYULBGINfEXANITIE 13) SeaichardRnalysis Tah Pining rantieGRRB mptivedies Cell
Lines [0150] In the following Examg).les, the murine hybridoma 1E5 and the human Burkitt lymphoma

lines. Datifl RafratitRaiAwa (Web: outenaduar s iatirrsatisrcanTypeheattieesnetidn Alfanassas.

VA). The_ %I%HWHMB%%&)?L' g@@ﬁss‘%&l"é{?Eﬁééb@%‘g‘&@s‘%@sI%lai%_tﬁl?élﬁlﬂs(ﬁﬂ%\jerSity of

Southern California, Los Angeles, CA), and WSUFSCCL from Dr. Mitchell Smith (Fox Chase Cancer

Center, PhithdelPhik, IPA)THe Zdlls wlredgibwn BsGUspéndioh Bultlilds 1A, DM EMI(Icﬁéﬂféchhologies.

inc. Galtersiup. MO). WORGORLIGSTPETSAORSIORISE SR RITERLIf Y Ag54 ol bovine
0 units/nil), 1), and T-g

serum, penicillin (1 nil), streptomycin 000 jig/m utamine (2 mMm). atchard Analysis
[0151] THbromabdspond iy erstas btivintimpsitesrges RajprélMahidstch appifen dissbdiativhuwedstants of
veltuzu ituxi rmi ' | IS Of tion binding
it obta e B R
SoftwaredwlturSand bielpg] GAY. Rajicoaiis (Bien0B) Wwes erativalbyagudnsitk radioisdinated MADbs in an
assay volume of 225 pl, using tissue culture media as diluent, for 1 h at 37C or room temperature.
Cells the POk Wasrkingriekustthapis ROMdiRMMOARoMEPdctlivha. P gienats IRl counted in a
gamma counter. The MADbs were titrated at a 2:3 serial dilution starting with approximately 2x106
cpm/2 jiglIRBHBRIAYS iFpiRester BN B dtshiins dirry St tHe tlHdg- R iRerRrh § Fafscire
unlabeled! MABT7imiihgreactyity oA thexagiolalpgled'WMABS; megsuredyy bigding tgartidgiotype

antibodies, was.90% reater. [0 The results shown in E]G. 4 demongstrate that both the number
of bindiné]§1 gi’tres? géflbeqllgﬁ%at}r%é)é(qil%g mE %ﬁé’s;&%ﬁonygglgﬁstgr%}?g(f%g%ﬂo%%ﬁ@d)%érgg S¥hilar for

veltuzuméh ant gituXimab. Fg nihpler! tfppintipe, sit€petRaji CeNyvas agicalatéd pg range from
2.0x105 - 4.2x105 for veltuzumab versus 1.8x105- 3.6 x 105 for rituximab. In replicate assays, the
apparent'BfS3RRUEGIAYGERTHAT Pt H67AYSER Y S0P R INET ObRtsamAB & Yus 6.70 - 8.63

nM for rithheraaibly Hese Malbesqr e S0 IR YorthaseAerartad RieVious s By Iew-seiveseand others, as
well as in the prescribing information for rituximab (Melhus et al., Cancer Biother. Radiopharm., 22:

469-479,°9087" Shsht BPEr0- Bih k4 fivsetrdrha fipisgs g Moa B U DL ESHERSE o Eottbkifve cell
surface hjagioR assaya §dirBHAGA pHaembindingotagicihi:e ¢rffnibsludiesmbtheanidcD20 Abs
cA20, hA20, and c IFS, purified by affinity chromatography on a Protein A column were evaluated by a
cell surfaBeYARTSShR BN LYy Wi RIS eS8 AP AR PR RO BARHRC s Corp.
San DieggitkeA): oreanstant pinaued (F0P LKA pRIMT 0148 RG/6T0)B 8120 I TiabeladrA2BB ar pituximab
was incubated with Raji cells in the presence of varying concentrations (0.2-700 nM) of competing Abs
(cA20, hASS, h2Bs; %br#é?’olrﬂi%}xﬁf%?&t%lf%?f&@ TohbouRaAbSES T OBEY B§iashing the
cells withyRBSleRadigastivitliassasipietyibh the cellxyvasetesraiertbiterogasiingndhgogsults (not
shown) WO 2010/011697PCT/US2009/051321 demonstrated that cA20, hA20 and ciF5 all competed
for bindif EF BB ke uiap s By éﬁor?ﬁtﬂﬁﬁlél%%F}Eﬁéﬂt?ﬁfénél.ag%ﬂ?ﬁéﬂé’ﬂﬂlof dissociation or

off-rates [Qhbd}ibhetissRcipiiciolsateSuoh etilomud ales ifdima bue A2t o LRlNd IS&Fgntsmsittimomab
(anti-CD20, BEXXARO, GIaxoSmithKIinei were compared by flow cytometry using Daudi, Raji and
Ramos cells @131 %) Rezeh Mar Wad tabdfePlifth phyeoety Hrror?&Pg}ayn H%W&?’ﬁ?éoerythrin
Human IgG labeling kit following the manufacturer's suggested protocol (Invitrogen, Molecular Probes,
Z-25455). Cells (Daudi, Raji, or Ramos) in 0 5 mL of CM (phenol red-free RPMI 1640 media
supplemented with 10% FBS) at 1 x 106 cells/mL were incubated with 5 kg of each PE-labeled MAb at
room temperature for 30 mm, at 400 x g, washed ffice with CM, resuspended in 1.5 mL of CM, and
split into two 0 75-mL aliquots. To prevent rebinding, N-ethyl-maleimide (NEM)-blocked
veltuzumab-Fab' was added to each replicate (1 mg/mL final concentration) and the mean

fiinracranca intancithyy INMEIN wwac immadiatalyvys maoaaciirad tn Aoatarmina thea mavimal hindina (T—=0D)\ 1icinA



Example 6. In-vitro cell proliferation inhibition by MTT assay [0156] The in-vitro cytotoxicity assay was
based on the method of Mosmann ( J Immunol Methods, 65: 55-63, 1983). Briefly, cell lines were
plated at 1-2VO2OW0ERReHR vell (100 [11) in 96-well plates, to which antibodie PWEMESHHYAFIGRO0 p1).
After incubation for 4 days at 37C. in a humidified CO2 (5%) incubator, 25 13.1 of 5.0 mg/ml MTT
[3-(4,5-d®b%ﬁwgﬁ@g@k%miskfa}51%&%@@%%%@m&m1w@aagwrw2!@@@@0@@@
incubated for an additional 4 h at 37C. Plates were then centrifuged and supernatants removed.

Pellets Wi ¥ -dR5IPET ey FH00RS B0 SeYwant dnes bpirEaabn it W SRt iretiddi Bt hm on a
microplatg,teasigrilleleselss BevicesciidpnivalenCAp Begauses yplabeled rittiximigh dng veltuzumab
were repgrted previously to require cross|jpking.for cytotoxic agtivity (Stein et al., Bl 104:
57053711 00 bos it e B (LHE) wd e b SomBof o rels Deitozab and
rituximab!ttere USed atgpfindtgancefpatiorppf Skg/mtoapd Cht wae yis€itgt 2Q kg AlP grsts were
performeglin 4 yeplicates. [Q157] The ability of veltuzumab and rituximab to inhibit prolifgration was
examined USing MHFT cﬁbtoxiﬁ’yaé’éis%]@‘?shéﬁ'f&%%ﬁﬁ%égﬂﬁﬁﬁé&@@?b‘ﬂﬁy@g i, Raji, and
WSUFSCEL Whity differ dhett@xpressionlevits 0P €020, ( Strirtetal, /i Gahtay Res, 10:
2868-2878, 2004). While the sensitivity to both MAbs correlated with CD20 expression (SLT-DHL-6 >
Raji > Dg0d0r] WhddapSiEhgemo significanicdifftiaosas inpeteneyiyerelabssesacd between
veltuzumab and. rituxima witﬂin a cell line (FIG@%EfCérosslinking with second antibqdy. (GAH, goat
anti-humSAT5Es) 1985 S8l thE UHREALY B LY TR RS S ST AR A BB Eells, two cell
lines withséntetivediatiei ey eishof Kalx2Deex predsio daad sedsitiviiyt leskiling by antifgDROsMAbk (FIG. 6).
Inhibition of proliferation of cell lines gn ejther extreme of anti-CP20 sensitivity (e.g., SU-DHL-6, which
o very scIRDULAR P L BEEED e Sl HEGRSUT 0 HER SRR 3 6 dlton of second
antibody ghétadohabxamhpieps. BeatdriTecell deR|gtPAOTODY. NXNEE( THeERERY OFVEINMORSED on
human perj 0 ytes of healthy volunteers were gssessed in vitro usi W
cytometr&@ﬁ%@@% v%%%%‘ggl%%d&g vl\fbérf:erlﬁ]cﬂ & %@v@ﬁﬁzﬁ%gﬁ%r @%’Ga\%l %@% y analysis

of B-cell202D 0 Mpoasd dr; cala 13 unybbdiesh ke htrol s tnglied edi thophotiaodyaantldy dyefgative control

humanized MAD (anti-CEACAMS monoclonal antibody. -14). Incupation of whole blgod with
etz BEATS EATREAP e YEasa 6 e fLRER i o L s (RS
2010/011698PCAF 14 32D AWeDIB2AdDeRreases biABack s ir digye d1586), 86:880@% idsimg 5 kg/ml, and 11

-61 % usj /m1 (P values vs,untreated. cells < 0,05 with 1 kg/ar: [.7rﬁ/gfr .Ig.ddonors
and 5 kg oA At R P R it e it T b TRt o
mixtures,TineutteeredséasehsSmredifedh el 0811 cOUS; Celddrbeddué, t6PE dOADCT; 2288 Well as direct
signaling. Example 8. Complement-dependent cytotoxicity (CDC) assays. [0159] A tluorometric
method AR} &bt m@staiimtchand aemparenORGeabivityeofi velierz ohathaschimoitabpDagedits Raji or

Ramos cell 06/mL) wer ed (50 [l r i C -well plate nc).and incubated
for 3 I S e R S v
complemémtaf@aihded ©ons. SanpBie gbc @AY ater (R livrametikstion. The indicator dye, AlamarBlue
(BioSource, Camarillo, CA), was added and the incubation continued overnight. Viable cells were then

quantified08)Fhdamseiizy eneb fidiorericenititdnepsinjoighnesieation STV Aaettaslidiéion at 590 nM
using a BiglekRyneta. EﬁiWﬁ@[}Pﬁﬁ?f%‘&%%ﬂ icroaia-Readrland Kfadsaenatkie 2qityare (BioTek

Instruments, Inc., Winooski, VT). [0160] The dose-response curves generated from the mean of 6

replicate gletetiripeitd astivedecarralZ88-Usintbrann auiniliré widndies Eeboeptisssantithegase of
Daudi cells,iip aecotit IRyt Ao AR h& G5t Af-WebASIRMGEase s precision of

the EC50 estimates, the experiments used a multi-factorial design, where the assay for each antibody
was perf@ﬂﬂh@ﬂmssrikﬂmm@ @sﬁhd&ayf,lhm%ﬁeaf@mﬂﬁ,mlf@énmﬁé%mcaawmnmamﬁotﬂsz_sl&_ssays per
a”“bOdynTJEﬁl%ﬁfBFé'ﬁi%é@Q%%%%%ﬁﬁ%??&%lfélﬁrﬁéﬂgﬂ%um?@@ﬂﬁ ens.p! dikximABorigfistical analysis

of the EC50 data was based on a 2-way analysis of variance (ANOVA) model with day and antibody
type as faegdiexogredial.raMiftaeophyad ol cathweanzdaitinzels 16 ME @b rManE3sté8¥mparisons of

all 4 congieHels, At ORI EXRETIMABIA. SrRIrAlR AT A5, IRAGM I DeNei s fherargw cells for

CDC, we observed consistently a lower value of EC50 for veltuzumab (Table 2) when compared to

rituximabP elA¢HB AReas ety dea dheidnpi dnparastist sy eniisival oty schdestasiany
d!fferencg&am&@ﬁgo@aﬁﬁraﬁ%mmm@m&mﬂ@%ﬁﬁwﬁwﬁmmmdtsz aekibatthg mean
difference in EC50 observed between rituximab and each of the three lots of veltuzumab was
consistertlyrStaASEYEMesRiReart {F2< 0.0001). However, no differences between veltuzumab and
rituximab were observed with CDC results in the other two cell lines. Raji and Ramos. WO
2010/011697PCT/US2009/051321 Table 2. Comparison of Veltuzumab versus Rituximab: Summary
of CDC Results (EC50) in the Daudi cell line. Antilgg)dy No. of Experinaen ts (N) EC:so (g/naL)



Mean Std. Dev. Mean Difference (Vniab-Rniab) 95% Confidence Interval at Rituximab 9 0.1485

0.0200 Veltuzumab (Lot 1 9 0.0990 0.0232 -0.0495 (-0.0611. -0.0378) Veltuzumab
WO 2010/011697 PCT/US2009/051321

[0104] Other useful therapeutic agents comprise oligonucleotides, especially antisense
oligonucleotides that preferably are directed against oncogenes and oncogene products of B-
cell malignancies, such as bcl-2. Preferred antisense oligonucleotides include those known as

siRNA or RNAI.

Immunoconjugates

[0105] Any of the antibodies, antigen binding antibody fragments or antibody fusion proteins
described herein may be conjugated to one or more therapeutic or diagnostic agents. The
therapeutic agents do not need to be the same but can be different, e.g., a drug and a
radioisotope. For example, BT can be incorporated into a tyrosine of an antibody or fusion
protein and a drug attached to an epsilon amino group of a lysine residue. Therapeutic and
diagnostic agents also can be attached, for example to reduced SH groups and/or to
carbohydrate side chains. Many methods for making covalent or non-covalent conjugates of
therapeutic or diagnostic agents with antibodies or fusion proteins are known in the art and
any such known method may be utilized.

[0106] A therapeutic or diagnostic agent can be attached at the hinge region of a reduced
antibody component via disulfide bond formation. Alternatively, such agents can be attached
using a heterobifunctional cross-linker, such as N-succinyl 3-(2-pyridyldithio)propionate
(SPDP). Yueral, Int. J. Cancer 56: 244 (1994). General techniques for such conjugation
are well-known in the art. See, for example, Wong, CHEMISTRY OF PROTEIN
CONJUGATION AND CROSS-LINKING (CRC Press 1991); Upeslacis et al.,
“Modification of Antibodies by Chemical Methods,” in MONOCLONAL ANTIBODIES:
PRINCIPLES AND APPLICATIONS, Birch ef al. (eds.), pages 187-230 (Wiley-Liss, Inc.
1995); Price, “Production and Characterization of Synthetic Peptide-Derived Antibodies,” in
MONOCLONAL ANTIBODIES: PRODUCTION, ENGINEERING AND CLINICAL
APPLICATION, Ritter et al. (eds.), pages 60-84 (Cambridge University Press 1995).
Alternatively, the therapeutic or diagnostic agent can be conjugated via a carbohydrate moiety
in the Fc region of the antibody. The carbohydrate group can be used to increase the loading
of the same agent that is bound to a thiol group, or the carbohydrate moiety can be used to
bind a different therapeutic or diagnostic agent.

[0107] Methods for conjugating peptides to antibody components via an antibody
carbohydrate moiety are well-known to those of skill in the art. See, for example, Shih er al.,

Int. J. Cancer 41: 832 (1988); Shih er al., Int. J. Cancer 46: 1101 (1990); and Shih er al., U.S.
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(Lot 2) 9 0.0843 0.0215 -0.0642 (0.0758. -0.0525) Velluzumab (Lot 3) 9 0.0904 0.0239 -0.0581
(-0.0697, -0.0464) ruBased on 2-way ANOVA model adjusted for multiple comparisons using
Dunnett's m&@ae1ENasAnle 9. Antibody-dependent cellular cytotoxicity (ADRSIYEH4945162162]
Induction of ADCC was measured using peripheral blood mononuclear cells (PBMCs) and Daudi as

effector gngLiarget s¢/5, 5e3PaliysbraloaueiGRIS WatedReUbpiR b ¥t eacest Avibady in triplicate

at 5 kg/mL for 30 mm at 37C and 5% CO2. Freshly isolated peripheral blood mononuclear cells

(PBMCs) SA5taHseth ABHR phatip RINGRE Barg ereoHeirethierii dyaiste aetEAningd & SarHsT

effector-tgoiarast #atie af 20chsralloming aifRuuhessincration ol isisiasPs e sssehRy
CytoTox-One (Promega, Madison, WI). ADCC was determined for MAb + effector cells, MAb + target

cells, andPMABTIRS) JEIkA8Hs WhisheeaBIoe R BB RY FaNS Eomiainitfg MM atoHEMd 5y Eiccells alone
also wergipipesspedid0163] To evaluate the results, the mean background value obtained from wells
with media alone was subtracted from all other wells, and the % lysis was calculated using the

followingB4ARkiSRG sviselvMEY RepPBSEH (e iR EBRTIMiTY RAE; RHRA0Y Shrangat eEIRS ET is wells

containingn@iiariesichiaigahGalisen bialisccamtsaingdaraat Cellsenby, and Maxtr\wells containing

farget Celiftraogggg Sai%a?ggfl%a}\gtg;gigt;/%rlﬁ%stiﬁezli g)fltl ghodirl}/l \%ﬁi&‘t—)ﬁé region of a full length antibody
or antigen binding antibody fragment. See, for example, Leung et al., J. Immunol. 154: 5919
(1995); Hansen et al., U.S. Patent No. 5,443,953 (1995), Leung et al., U.S. Patent No.
6,254,868, each incorporated herein by reference. The engineered carbohydrate moiety is
used to attach the therapeutic or diagnostic agent.
[0109] In some embodiments, a chelating agent may be attached to an antibody, antigen
binding antibody fragment or fusion protein or to a targetable construct and used to chelate a
therapeutic or diagnostic agent, such as a radionuclide. Exemplary chelators include but are
not limited to DTPA (such as Mx-DTPA), DOTA, TETA, NETA or NOTA. Methods of
conjugation and use of chelating agents to attach metals or other ligands to proteins are well
known in the art (see, e.g., U.S. Patent Application Serial No. 12/112,289, the Examples section
of which is incorporated herein by reference).
[0110] In certain embodiments, radioactive metals or paramagnetic ions may be attached to
proteins or peptides by reaction with a reagent having a long tail, to which may be attached a
multiplicity of chelating groups for binding ions. Such a tail can be a polymer such as a
polylysine, polysaccharide, or other derivatized or derivatizable chains having pendant
groups to which can be bound chelating groups such as, e.g., ethylenediaminetetraacetic acid
(EDTA), diethylenetriaminepentaacetic acid (DTPA), porphyrins, polyamines, crown ethers,
bis-thiosemicarbazones, polyoximes, and like groups known to be useful for this purpose.
[0111] Chelates may be directly linked to antibodies or peptides, for example as disclosed in
U.S. Patent 4,824,659, incorporated herein by reference. Particularly useful metal-chelate
combinations include 2-benzyl-DTPA and its monomethyl and cyclohexyl analogs, used with
diagnostic isotopes in the general energy range of 60 to 4,000 keV, such as 125y, B3y 13y 12y
2Cy, Cu, BF, Mn, “Ga, ®Ga, ™Tc, *™Tc, ''C, N, 0, "®Br, for radio-imaging. The
same chelates, when complexed with non-radioactive metals, such as manganese, iron and

gadolinium are useful for MRI. Macrocyclic chelates such as NOTA, DOTA, and TETA are



WO 2010/011697PCT/US2009/051321 [0164] The level of ADCC activity of five lots of veltuzumab
was compared to those of rituximab and a negative control MAb (hWIN-14) by measuring cytolysis of
the CD20- SXrsHlifd1pdudi cell line. Effector cell function was provided byPPBME280¢88hYlisolated
from two volunteer blood donors. The results indicated that rituximab and each of the 5 lots of

veltuzumgpyReapuead strkis igatly SImilRs (RFAnkAe RIS A REG A Qb Padisin idaianot shown).
Rituximab and veltuzumab both showed significantly higher levels of ADCC (P<0.0001) compared to

the contr&HIRB: (F995mMAd RBRFENTS R o EAUEbBY LRSI CER |51 62 heEladst Yedtural killer
(NK) cell gpd nepitropiih derletionspr tbermve815hrrIetomar Ng-eglisarhgutraphils was

performed as described previously (Hernandez-llizaliturri el. al., Clin Cancer Res 9:3810-12, 2003).
Briefly, BRGNS Pebsheds1 oiieh Bt das iabhebieding npstisiitisady2or. Rafor
HernandezsitizalitwiboRpawell Park Cancer Institute, Buffalo, NY) and 100 kg anti-mouse IL-2 receptor
antibody (TM-|. BD PharMingen, Inc., Sap Jose, CA) one day before inoculating Ix 106 Raji cells,

followed BYLA%h Msrereeenacngiedy iRl & Piuse b biq8ayin s ehnidep BaYERsE vas

confirmediby &84 SorBdysh3eaf pleadisamie sgaken Sranal sepletegandsidnor-gepiaiesh mouse on
Days 3 and 13. Veltuzumab (200 kg) or saline was administered iv. on Days 3. 5, 7, and 11. [0166]

3
The role bPeffdatdl CENLEHIVBRYAGHABR SHRTbRIEH et s srrPgrotith 4 V00 ¥ QkAnihed (FIG.

11). In thegeranimals<igpleted of b aichhebdmphis utkare wasiner sitianenca hatweanpsaline control
and treated mice, both having the same MST (16.4 + 1.3 daysgﬂ.’sln contrast, in the non-depleted mice,

veltuzum@PSEE SRR had R SiginkariRiIRTIBREMEE5G ﬂﬁiel%&]iﬁepcf’é?mo@?@é%lgrn?S VS.

18.4 + 0.9ty d> 10/003 53 oEarmRlamble ARAIUSIOOISREUT RhRiMaeRidmelias bymite«aiter i.p. or s.c.
administration. [0167] Twelve 9-week-old nave female Swiss-Webster mice (Taconic Farms;

Germant%qh(l)\ld\g)owﬂﬁ Weﬁlll’ﬁg,fnorltg n‘pectlon and grouped six to a cage such that the mean and

standard Geviatons begve \fv%atsefesnof mice were not significantly different. Veltuzumab, 1 nmole

(150 kg), iniste Oe' S ' a'i. ctigr I B n by
S U T B e DR R L
veltuzumdilseast@2000/Q1E 8P GiF¢rs 200 9YOEL8 214D 168 Pmwapd. fecRidisA hvawns ddmssggantify the

amount 0&"%%%%% é?st'%‘&cﬁ%}“ %aiiﬁ‘&’li%% %O%%ﬁ%?}llﬁ?as(ﬁ%]%‘:% Wyhe %gi%%%p Certified

Flat-Bottom uno Modular w/frariie; NalgeNunc International Corp., Rochester, NY) was coated
with a ratkemapeiticalimetieidivepaovsclonaliberibed e Rizdingrflusmemddiescaher, fvoris Plains, NJ).
A Sta”dag%?éih\’%" f‘éﬁ@&%ﬂﬁ%&&ﬁ&%?&ﬂ@%%ﬁ&déﬁdﬂdﬁté%ﬂ%ﬂfa‘f&#%egﬁ}aﬁ {249 ipghfg/mL) The

murine serum samples were appropriately diluted and, together with the standards, pipetted into
triplicate WeRk8. Mobndnesttay arabodiss detdetdbevwihi mpevoticas cetl gatibddyo dhatstodsuraan

polyclonq{aq,gtit{f{g%lgg@&gﬁg&{@mﬂggﬁgsearch Laboratories, Inc., West Grove, PA), and the plates
; i :

developed using an' OPD solution (o-phenylenediamine dihydrochloride, Sigma-Aldrich, St. Louis,
MO). Thi@ﬂ?%@é@ﬂﬁﬁﬂﬁé&ﬂ bt the sladte until disaealpisiRnelonsd ingheniandard curve wells (-20
min). At this time, 4N sulfuric acid was added to the wells to stop the reaction, and the plates read on
a plate redEP RO RRIHITOIBIT ErsieRI b Bisrapgre Hyesaravate! methahadsitentration

of Ve|tUZ%m%dyaﬁ&@ﬁﬂﬁtﬁﬂdﬁ§%am%%§iﬁeiﬁ&h§@éﬁﬁé%ﬁ Qﬁ%ﬁ@sﬁﬁé&@&tﬂﬁEQQf&%‘f?- To ensure
accuracy, each 'sample was run multiple times and the mean value from all these runs was used in the

PK-analy2isferrrddidoptidrindt saa e welka dersrmimeaifeshr aaisovdugsaMabedeticerted to

nmol/mL i apalygruaingitheMinanin Rk sefiveane Raskaa /b IRheisighiceaiy., Mountain
View, C?é@Non-compartmenta ana(lévéc,ls Wa5£erformed on both the @Rand s.c. data (representing the

best-fit é@z @%]W@ile@@r%%n AdchlratiohPaRddRtlcR bt deitd Zuriabdnle ery similar

betwee_n @_]9@&?@%,5 diReladhsn (Ersus 6157 @@)ﬂ@h%!@@@@t‘@b@%’%@i@@,_%@ ameters
were significantly different (Tables 3 and 4). In terms of maximum serum concentrations (Cain) and

the time foldrfu hax| ire Merdro Mg hitickH{ dardYd ffedsMEfwb dn tHMhigttidhAobes. This was

also true fof.camrarisops-BelwasprclearaneedErog aRarLndqr ths, eeye i Wiikvalues. However,
notable differences were observed in the terminal half-life (T1/2) and mean residence time (MRT), with

the i.p. rENERIRRERG S ficarthPRRASSPSA0e%IcRIeAYP orb31bchfaPap eNBTL . 1@spectively). WO
2010/01169iRAk{MSRPR051321 Table 3. Pharmacokinetics of hA20 with Intraperitoneal Injection

Individual Mouse Scrum PK of hA20 1gG Administered as a Single Intraperitoneal Injection. Animal
No. [0115] Both the naked anti-CD20 therapy alone or in combination with other naked MAbs can

be further supplemented with the administration, either concurrently or sequentially, of at least
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Injected Dose (pmoles) Cam., (pmole/mL) T.., (h) T1/2 (h) AUC'o ,x, (h*omole/mL) CI (mL/h) MRTO (h)

1 1000 143.7 24
WO 2010/011697 PCT/US2009/051321

one therapeutic agent, as discussed above. Multimodal therapies may include therapy with
naked anti-CD20 antibodies supplemented with administration of anti-CD22, anti-CD19,
anti-CD21, anti-CD74, anti-CD80, anti-CD23, anti-CD45, or HLA-DR (including the
invariant chain) antibodies in the form of naked antibodies, fusion proteins, or as
immunoconjugates. Immunoconjugates may comprise an antibody or antigen binding
fragment thereof conjugated to one or more of any therapeutic and/or diagnostic agent as
discussed above. The naked anti-CD20 antibodies or antigen binding fragments thereof may
also be supplemented with naked antibodies against a MUC] antigen that is expressed on
certain B-cells. Various antibodies of use, such as anti-CD19 and anti-CD22 antibodies, are
known to those of skill in the art. See, for example, Ghetie ef al., Cancer Res. 48:2610
(1988); Hekman et al., Cancer Immunol. Immunother. 32:364 (1991); Longo, Curr. Opin.
Oncol. 8:353 (1996), U.S. Patent Nos. 5,798,554; 6,187,287; 6,306,393; 6,676,924
7,109,304; 7,151,164; 7,230,084; 7,230,085; 7,238,785; 7,238,786; 7,282,567; 7,300,655;
7,312,318; and U.S. Patent Application Publ. Nos. 20080131363; 20080089838;
20070172920; 20060193865; 20060210475; 20080138333; and 20080146784, the Examples
section of each listed patent or patent application incorporated herein by reference.

[0116] In another form of multimodal therapy, subjects receive naked anti-CD20 antibodies,
and/or immunoconjugates, in conjunction with standard cancer chemotherapy. For example,
"CVB" (1.5 g/m* cyclophosphamide, 200-400 mg/m* etoposide, and 150-200 mg/m>
carmustine) is a regimen used to treat non-Hodgkin's lymphoma. Patti er al., Eur. J.
Haematol. 51: 18 (1993). Other suitable combination chemotherapeutic regimens are well-
known to those of skill in the art. See, for example, Freedman ef al., "Non-Hodgkin's
Lymphomas," in CANCER MEDICINE, VOLUME 2, 3rd Edition, Holland et al. (eds.),
pages 2028-2068 (Lea & Febiger 1993). As an illustration, first generation chemotherapeutic
regimens for treatment of intermediate-grade non-Hodgkin's lymphoma (NHL) include C-
MOPP (cyclophosphamide, vincristine, procarbazine and prednisone) and CHOP
(cyclophosphamide, doxorubicin, vincristine, and prednisone). A useful second generation
chemotherapeutic regimen is m-BACOD (methotrexate, bleomycin, doxorubicin,
cyclophosphamide, vincristine, dexamethasone and leucovorin), while a suitable third
generation regimen is MACOP-B (methotrexate, doxorubicin, cyclophosphamide, vincristine,
prednisone, bleomycin and leucovorin). Additional useful drugs include phenyl butyrate,
bendamustine, and bryostatin-1. In a preferred multimodal therapy, both chemotherapeutic

drugs and cytokines are co-administered with an antibody, immunoconjugate or fusion
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308.5 86.170 0.0116 540.8 2 1000 173.9 24 225.9 54,204 0.0184 379.2 3 1000 229.8 24 846.1

214,007 0.0047
WO 2010/011697 PCT/US2009/051321

protein, preferably comprising an anti-CD20 antibody or antigen binding fragment thereof.
Generally, co-administration would refer to the simultaneous administration of two or more
agents, such as an antibody and a therapeutic agent. The cytokines, chemotherapeutic drugs
and antibody or immunoconjugate can be administered in any order, or together.

[0117] Immunoconjugates or naked antibodies can be formulated according to known
methods to prepare pharmaceutically useful compositions, whereby the immunoconjugate or
naked antibody is combined in a mixture with a pharmaceutically suitable excipient. Sterile
phosphate-buffered saline is one example of a pharmaceutically suitable excipient. Other
suitable excipients are well-known to those in the art. See, for example, Ansel et al.,
PHARMACEUTICAL DOSAGE FORMS AND DRUG DELIVERY SYSTEMS, 5th
Edition (Lea & Febiger 1990), and Gennaro (ed.), REMINGTON’S PHARMACEUTICAL
SCIENCES, 18th Edition (Mack Publishing Company 1990), and revised editions thereof.
[0118] The immunoconjugate or naked antibody can be formulated for intravenous
administration via, for example, bolus injection or continuous infusion. Preferably, the
antibody is infused over a period of less than about 4 hours, and more preferably, over a
period of less than about 3 hours. For example, the first 25-50 mg could be infused within 30
minutes, preferably even 15 min, and the remainder infused over the next 2-3 hrs.
Formulations for injection can be presented in unit dosage form, e.g., in ampoules or in multi-
dose containers, with an added preservative. The compositions can take such forms as
suspensions, solutions or emulsions in oily or aqueous vehicles, and can contain formulatory
agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the active
ingredient can be in powder form for constitution with a suitable vehicle, e.g., sterile
pyrogen-free water, before use.

[0119] Additional pharmaceutical methods may be employed to control the duration of action
of the therapeutic or diagnostic conjugate or naked antibody. Control release preparations
can be prepared through the use of polymers to complex or adsorb the immunoconjugate or
naked antibody. For example, biocompatible polymers include matrices of poly(ethylene-co-
vinyl acetate) and matrices of a polyanhydride copolymer of a stearic acid dimer and sebacic
acid. Sherwood et al., Bio/Technology 10: 1446 (1992). The rate of release of an
immunoconjugate or antibody from such a matrix depends upon the molecular weight of the
immunoconjugate or antibody, the amount of immunoconjugate, antibody within the matrix,
and the size of dispersed particles. Saltzman et al., Biophys. J. 55: 163 (1989); Sherwood et
al., supra. Other solid dosage forms are described in Ansel et al., PHARMACEUTICAL
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DOSAGE FORMS AND DRUG DELIVERY SYSTEMS, 5th Edition (Lea & Febiger 1990),
and Gennaro (ed.), REMINGTON’S PHARMACEUTICAL SCIENCES, 18th Edition (Mack
Publishing Company 1990), and revised editions thereof.

[0120] The immunoconjugate, antibody fusion proteins, or naked antibody may also be
administered to a mammal subcutaneously or even by other parenteral routes. Moreover, the
administration may be by continuous infusion or by single or multiple boluses. Preferably,
the antibody is infused over a period of less than about 4 hours, and more preferably, over a
period of less than about 3 hours. This is preferably performed by infusing slowly at first.
For example, a dose of 25 to 50 mg is infused within 15-30 minutes and the remainder of the
dose is infused over a period of up to 2-3 hrs.

[0121] Generally, the dosage of an administered immunoconjugate, fusion protein or naked
antibody for humans will vary depending upon such factors as the patient’s age, weight,
height, sex, general medical condition and previous medical history. With therapeutic
antibodies of lower efficacy than veltuzumab, it may be desirable to provide the recipient
with a dosage of immunoconjugate, antibody fusion protein or naked antibody that is in the
range of from about 1 mg/kg to 20 mg/kg as a single intravenous infusion, although a lower
or higher dosage also may be administered as circumstances dictate. Dosages may range
from 1 to 20, 5 to 10, 2 to 10, 10 to 20, Sto 15, 1 to 10, 1 to 5, 2 to 5 mg/kg or any range in
between 1 and 20 mg/kg. The dosage may be repeated as needed, for example, once per
week for 4-10 weeks, once per week for 8 weeks, once per week for 4 weeks, or twice or 3-
times per week for 2-8 weeks. It may also be given less frequently, such as every other week
for several months, or monthly or quarterly for many months, as needed in a maintenance
therapy.

[0122] Alternatively, an antibody such as a naked anti-CD20 MAb, may be administered as
one dosage every 2 or 3 weeks, repeated for a total of at least 3 dosages. Or, the antibodies
may be administered once per week for 4-8 weeks. If the dosage is lowered to approximately
200-300 mg/m” (340 mg per dosage for a 1.7-m? patient, or 4.9 mg/kg for a 70 kg patient) or
less, it may be administered once weekly for 4 to 8 weeks. Alternatively, the dosage
schedule may be decreased, namely every 2 or 3 weeks for 2-3 months. The dosing schedule
can optionally be repeated at other intervals and dosage may be given through various
parenteral routes, with appropriate adjustment of the dose and schedule.

[0123] In an exemplary embodiment, NHL or an autoimmune disease may be treated with 4

weekly infusions of a humanized anti-CD20 antibody at a dose of 100-400 mg/m* weekly for
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4 consecutive weeks (i.v. (intravenously) over 2-6 hours), repeated as needed over the next
months/yrs. Alternatively, the humanized anti-CD20 antibody may be administered at a dose
of 100-300 mg/m” once every other week or every third week, for 4 to 8 injections. In
another alternative, NHL may be treated with 4 weekly infusions as above, or injections less
frequently as above, but combined with epratuzumab (anti-CD22 humanized antibody) on the
same days, at a dose of 360 mg/m’, given as i.v. (intravenously) infusion over 1 hour, either
before, during or after the anti-CD20 monoclonal antibody infusion. Or, the antibodies used
in combination therapy may also be infused in alternative sequences, such that they are
alternated on different weeks, resulting in each being given every other week for a total
injection sequence for each of 4 to 8 or more doses. These dosage schedules may then be
repeated at different intervals, such as every 3-6 months, depending on the patient’s clinical
status and response to each therapy regimen. In a further alternative, NHL may be treated
with 4 weekly infusions, or less frequent infusions, of an anti-CD20 antibody, combined with
one or more injections of CD22 MAb radiolabeled with a therapeutic isotope such as yttrium-
90 (at a total dose of Y-90 between 5 and 35 mCi/meter-square as one or more injections over
a period of weeks or months). U.S. Serial No. 09/590,284, incorporated herein by reference,
discloses immunotherapy of autoimmune disorders using an anti-CD22 antibody.
[0124] In preferred embodiments, a naked or conjugated anti-CD20 antibody that has been
engineered to be particularly efficacious, such as veltuzumab, may be administered at very
low dosages for treatment of diseases such as B-cell diseases, such as B-cell lymphomas or
leukemias, systemic lupus erythematosus, follicular lymphoma, non-Hodgkin’s lymphoma or
immune thrombocytopenic purpura, or pemphigus vulgaris, as well as such immune diseases
as GVHD, hemolytic anemia, cryoglobulinemia, allosensitization, and organ transplant
rejection. As described in the following Examples, doses as low as 80 mg or less of
veltuzumab, more preferably 50 mg or less, most preferably 30 mg or less, may be
efficacious when administered to a human subject. Such dosages may preferably be
administered two or more times to the subject at an interval of about one to three weeks, and
may even be given more than once weekly, e.g., twice or thrice weekly, such as in a
fractionated dosing which may continue over several weeks (which may be preferred in
certain diseases, such as, for example, chronic lymphocytic leukemia). Surprisingly, such
low doses of highly efficacious anti-CD20 antibodies such as veltuzumab have been found to

be effective to deplete circulating B-cells and/or to inhibit the growth of B-cell related
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methods and may be utilized. For example, in a mouse model system of Burkitt lymphoma, a
single i.p. (intraperitoneal) or s.c. (subcutaneously) injection of as low as 5 g veltuzumab
per 20 gm mouse produced a significant decrease in mortality compared to controls (Example
13). Extrapolating to a 70 kg human the 5 p1g dosage would be equivalent to a single 17.5 mg
injection of veltuzumab. A higher mouse dosage of 20 (g veltuzumab (equivalent to 70 mg
for a 70 kg individual), administered as a single i.p. or s.c. injection, resulted in a four-fold
increase in mean survival time (Example 13). Dosages in mice as low as 0.05 pg single dose
(equivalent to 0.175 mg for a 70 kg individual) still resulted in a significant improvement in
survival relative to controls, with a two-fold increase in mean survival time. While such low
dosages may produce significant improvement relative to controls, the effective treatment of
B-cell related diseases may utilize somewhat higher dosages for better therapeutic effects.
Non-limiting examples include administration of 80 mg i.v. veltuzumab in 2 doses at an
interval of two weeks (Example 15), 4 once-weekly doses of 138 mg (80 mg/m?) i.v.
veltuzumab (Example 15), 4 doses of 80 mg veltuzumab administered s.c. at two week
intervals (Example 15), 4 weekly doses of 80 mg/m” i.v. veltuzumab (Example 15), 2 doses
of 10 mg veltuzumab s.c. at two week interval (Example 17), doses of 40 mg veltuzumab s.c.
twice weekly for 6 weeks (Example 18), 2 doses of 40 mg veltuzumab s.c. 2 weeks apart
(Example 19), 3 doses of 120 mg veltuzumab s.c. weekly(Example 20), an initial i.v.
injection of 15 mg veltuzumab followed by 40 mg s.c. weekly for 3 weeks (Example 21), 4
s.c. injections of 40 mg veltuzumab at zero, 8, 12 and 21 days (Example 22) and 4 s.c.
injections of 80 mg veltuzumab two weeks apart (Example 16). It is noteworthy that in the
latter case (Example 16), a single s.c. injection of 80 mg veltuzumab produced a significant
regression of a tumor neck mass and rapid depletion of circulating B-cells. Example 24
shows that 4 once-weekly doses of veltuzumab as low as 80 mg/m? resulted in complete
responses in at least some human patients with NHL.

[0126] The skilled artisan will realize that the disclosed dosages of veltuzumab are
exemplary only and that other non-limiting dosages may be utilized in the practice of the
claimed methods, such as 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90,
95 or 100 mg veltuzumab (total dose) or 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70,

41



(h) AUCo, (h*pmole/mL) CI (mL/h) IVIRTO, 00 1 1000 227.2 24 166.1 45,734 0.0219 261.3 2 1000

256.1 24
WO 2010/011697 PCT/US2009/051321

75, 80, 85, 90, 95 or 100 mg/m2 veltuzumab, administered i.v. or more preferably s.c.
Potential useful ranges of In certain embodiments, veltuzumab may be provided in the form
of prefilled syringes or autoinjection pens, formulated for s.c., 1.v. or other parenteral
injection, at a dosage of 10 to 180, 10 to 100 mg, 20 to 80 mg, 30 to 60 mg, 40 to 50 mg or
any other range of dosages.

[0127] Exemplary ranges of low-dosage veltuzumab for s.c., i.v. or i.p. administration may
be less than 1 mg, 1 to 2 mg, 1 to 5 mg, 1 to 10 mg, 1 to 20 mg, 1 to 50 mg, 1 to 75 mg, 1 to
100 mg, 2 to S mg, 2 to 10 mg, 2 to 20 mg, 2 to 50 mg, 2 to 75 mg, 2 to 100 mg, 5 to 10 mg,
5to 20 mg, 5 to 30 mg, 5 to 40 mg, 5 to 50 mg, 5 to 60 mg, 5 to 75 mg, 5 to 100 mg, 10 to 20
mg, 10 to 30 mg, 10 to 40 mg, 10 to 50 mg, 10 to 60 mg, 10 to 75 mg, 10 to 100 mg, 20 to 30
mg, 20 to 40 mg, 20 to 50 mg, 20 to 60 mg, 20 to 75 mg, 20 to 100 mg, 25 to 40 mg, 25 to 50
mg, 25 to 60 mg, 25 to 75 mg, 25 to 100 mg, 30 to 40 mg, 30 to 50 mg, 30 to 60 mg, 30 to 75
mg, 30 to 100 mg, 40 to 50 mg, 40 to 60 mg, 40 to 75 mg, 40 to 100 mg, 50 to 60 mg, 50 to
75 mg, 50 to 100 mg, 60 to 70 mg, 60 to 80 mg, 60 to 90 mg, 60 to 100 mg or 75 to 100 mg.
Alternatively, the same ranges in mg/m” may be administered to a human subject. As
discussed in the Examples below, such low dosages of veltuzumab have been shown to be
effective at least in animal model systems and some exemplary human subjects with B-cell
related leukemias or lymphomas or autoimmune diseases, or other immune diseases.

[0128] The compositions described herein are particularly useful for treatment of various
autoimmune diseases as well as indolent forms of B-cell lymphomas, aggressive forms of B-
cell lymphomas, chronic lymphatic leukemias, acute lymphatic leukemias, and
Waldenstrom’s macroglobulinemia, as well as GVHD, cryoglobulinemia, hemolytic anemia,
allosensitization, and organ transplant rejection. For example, the humanized anti-CD20
antibody components and immunoconjugates can be used to treat both indolent and
aggressive forms of non-Hodgkin's lymphoma, various autoimmune diseases (e.g.,
rheumatoid arthritis, SLE, Sjégren’s syndrome, pemphigus vulgaris, immune
thrombocytopenic purpura), and various other immune diseases (organ transplant rejection,
such as kidney and heart rejection, GVHD after allogeneic stem cell transplantion, and
immune hemolytic anemia).

[0129] As discussed supra, the antibodies can be used for treating B-cell lymphoma and
leukemia, and other B-cell diseases or disorders. Exemplary types of cancers that may be
targeted include acute lymphoblastic leukemia, chronic lymphocytic leukemia, Hodgkin's

lymphoma, non-Hodgkin's lymphoma and multiple myeloma.
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[0130] Anti-CD20 antibodies can be used to treat B-cell related autoimmune diseases,
including Class III autoimmune diseases such as immune-mediated thrombocytopenias (acute
idiopathic thrombocytopenic purpura and chronic idiopathic thrombocytopenic purpura0,
dermatomyositis, Sjogren’s syndrome, multiple sclerosis, Sydenham’s chorea, myasthenia
gravis, systemic lupus erythematosus, lupus nephritis, rheumatic fever, rheumatoid arthritis,
polyglandular syndromes, bullous pemphigoid, diabetes mellitus, Henoch-Schdnlein purpura,
post-streptococcal nephritis, erythema nodosum, Takayasu’s arteritis, Addison’s disease,
sarcoidosis, ulcerative colitis, erythema multiforme, IgA nephropathy, polyarteritis nodosa,
ankylosing spondylitis, Goodpasture’s syndrome, thromboangitis obliterans, primary biliary
cirrhosis, Hashimoto’s thyroiditis, thyrotoxicosis, scleroderma, chronic active hepatitis,
polymyositis/dermatomyositis, polychondritis, pemphigus vulgaris, Wegener’s
granulomatosis, membranous nephropathy, amyotrophic lateral sclerosis, tabes dorsalis, giant
cell arteritis/polymyalgia, pernicious anemia, rapidly progressive glomerulonephritis and
fibrosing alveolitis.

[0131] Anti-CD20 antibodies may also induce apoptosis in cells expressing the CD20
antigen. For example, it was demonstrated that apoptosis could be induced using lymphoid
cells that have Fc-receptors reactive with the IgG1-Fc of CD20 MAbs that are crosslinked.
See Shan et al., Cancer Immunol. Immunother. 48(12):673-683 (2000). Further, it was
reported that aggregates of a chimeric CD20 MAD, i.e., homopolymers, induced apoptosis.
See Ghetie et al., Blood 97(5): 1392-1398 (2000) and Ghetie et al., Proc. Natl. Acad. Sci USA
94(14): 7509-7514 (1997).

Kits

[0132] Various embodiments may concern kits containing components suitable for treating
or diagnosing diseased tissue in a patient. Exemplary kits may contain at least one antibody,
antigen binding fragment or fusion protein as described herein. If the composition containing
components for administration is not formulated for delivery via the alimentary canal, such as
by oral delivery, a device capable of delivering the kit components through some other route
may be included. One type of device, for applications such as parenteral delivery, is a
syringe that is used to inject the composition into the body of a subject. Inhalation devices
may also be used. In certain embodiments, an anti-CD20 antibody or antigen binding

fragment thereof, such as veltuzumab, may be provided in the form of a prefilled syringe or

43



275.4 51000 195.5 24 162.5 41,018 0.0244 247.9 6 1000 162.6 24 185.0 43,580 0.0229 280.3 Mean

(Sixty)

WO 2010/011697 PCT/US2009/051321

autoinjection pen containing a sterile, liquid formulation or lyophilized preparation of

antibody (e.g., Kivitz et al., Clin. Ther. 2006, 28:1619-29).

[0133] The kit components may be packaged together or separated into two or more
containers. In some embodiments, the containers may be vials that contain sterile,
lyophilized formulations of a composition that are suitable for reconstitution. A kit may also
contain one or more buffers suitable for reconstitution and/or dilution of other reagents.
Other containers that may be used include, but are not limited to, a pouch, tray, box, tube, or
the like. Kit components may be packaged and maintained sterilely within the containers.

Another component that can be included is instructions to a person using a kit for its use.

Expression Vectors

[0134] Still other embodiments may concern DNA sequences comprising a nucleic acid
encoding an antibody, antigen binding fragment thereof, fusion protein or bispecific antibody.
Exemplary sequences that may be encoded and expressed include an anti-CD20 MAD or antigen
binding fragment thereof, a fusion protein comprising at least one anti-CD20 antibody or antigen
binding fragments thereof, a fusion protein comprising at least one first antibody or antigen
binding fragment thereof and at least one second antibody or antigen binding fragment thereof.
The first and second antibodies may comprise an anti-CD20 antibody, an antibody against a
tumor or B-cell associated antigen such as B7, CD4, CDS5, CD8 CD14, CD15, CD16, CD19,
CD20, CD21, CD22, CD23, CD25, CD30, CD32b, CD33, CD37, CD38, CD40, CD40L,
CD45, CD46, CD52, CD54, CDS5S5, CDS59, CD70, CD74, CD79a, CD80, CD95, CD126,
CD133, CD138, CD154, CEACAMGO, ED-B fibronectin, IL-2, IL-6, IL-25, MUCI1, MUC2,
MUC3, MUC4, MIF, NCA-66, Ia, HM1.24, HLA-DR, tenascin, T101, TAC, TRAIL-R1,
TRAIL-R2, VEGFR, EGFR, PIGF, ILGF, ILGF-1R, Flt-1, Flt-3, tenascin, complement factor
C5, an oncogene product, Kras, cMET, bcl-2, bcl-6, and/or a hapten on a targetable construct.
[0135] Various embodiments relate to expression vectors comprising the coding DNA
sequences. The vectors may contain sequences encoding the light and heavy chain constant
regions and the hinge region of a human immunoglobulin to which may be attached chimeric,
humanized or human variable region sequences. The vectors may additionally contain
promoters that express MAbs in a selected host cell, immunoglobulin enhancers and signal or
leader sequences. Vectors that are particularly useful are pdHL2 or GS. More preferably, the

light and heavy chain constant regions and hinge region may be from a human EU myeloma
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and repeated-dose study of intravenous and s.g.}i\%ections of veltuzumab was conducted in

cynomol§hémbrfeéiviiat S radeidtarids 20 Plusa, Ltd. (Everett, WA). Sixteen male and 16
female Money AWBIEiBE R340 B Bketi3dToy 8RR A MoWRIB ENED PanksnbiHORRTAkMeAtY, 33.5, and

67 mg/kg (which correspond to 80, 375, and 800 mg/m2doses, respectively, in humans), either once
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hematology testing, as well as urinalysis, and then postmortem evaluation of lymphaoid tissue status in

spleen, W&Bam’lgﬁl&:méggﬂlae%tff,ﬁ%ﬁ%ggxpenmentaﬁon. Host cells and methods of

expression of cloned antibodies or antigen binding fragments have been described, for example,
in U.S. Patent Application Serial Nos. 11/187,863, filed 7/25/05; 11/253,6606, filed 10/20/05 and
11/487,215, filed 7/14/06, the Examples section of each of which is incorporated herein by

reference.

General techniques for construction of anti-CD20 antibodies

[0137] The Vk (variable light chain) and Vy (variable heavy chain) sequences for anti-CD20
antibodies may be obtained by a variety of molecular cloning procedures, such as RT-PCR, 5°-
RACE, and cDNA library screening. Specifically, the V genes of an anti-CD20 MADb from a
cell that expresses a murine anti-CD20 MAD can be cloned by PCR amplification and
sequenced. To confirm their authenticity, the cloned Vi, and Vi genes can be expressed in cell
culture as a chimeric Ab as described by Orlandi et al., (Proc. Natl. Acad. Sci., USA, 86: 3833
(1989)). Based on the V gene sequences, a humanized anti-CD20 MAD can then be designed
and constructed as described by Leung et al. (Mol. Immunol., 32: 1413 (1995)).

[0138] cDNA can be prepared from any known hybridoma line or transfected cell line
producing a murine anti-CD20 MAb by general molecular cloning techniques (Sambrook et al.,
Molecular Cloning, A laboratory manual, 2" Ed (1989)). The Vi sequence for the MAb may be
amplified using the primers VKIBACK and VK1FOR (Orlandi et al., 1989) or the extended
primer set described by Leung et al. (BioTechnigues, 15: 286 (1993)). The Vy sequences can be
amplified using the primer pair VHIBACK/VHIFOR (Orlandi ef al., 1989) or the primers
annealing to the constant region of murine IgG described by Leung et al. (Hybridoma, 13:469
(1994)).

[0139] PCR reaction mixtures containing 10 pl of the first strand cDNA product, 10 pl of 10X
PCR buffer [S00 mM KCIl, 100 mM Tris-HCI (pH 8.3), 15 mM MgCl,, and 0.01% (w/v)
gelatin] (Perkin Elmer Cetus, Norwalk, CT), 250 uM of each dNTP, 200 nM of the primers, and



[0174] Veltuzumab administered i.v. or s.c. as single or multiple doses was well tolerated, with no
clinical or persistent laboratory test abnormalities noted other than B-cell depletion in the circulation
and lymphatOotdifd 169Gst-mortem changes in the animals receiving all doRe¥/ & A licular
lymphoid depletion of the spleen, mandibular, and mesenteric lymph nodes at all doses (data not
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but only a rapid and persistent reduction in the number of peripheral blood B-cells was observed (not
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related tdmggcmgér(b@}ﬁdmn@queaﬁ‘o}‘kh@(mﬁ)ﬂo enter the blood stream via the s.c. route with a
similar raj gh Flgaranaes Thedlase ApTDaliper dl b Alues SRS AGEHMYIRHAR o5 ¥gliugumab after
i.v.-infusion or’s.c. administration at all dose levels, but the'mean volume of distribution was greater
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peripheral and splenic B-cell depletion occirs for veltuzumab given either by i.v. and s.c. routes at this

low dosebﬁmﬁpt@qmtﬁﬁ@iv@éfﬁéﬁiy&)ﬁmzwhég Wmﬁhﬁmﬁqmﬁhéﬁ‘éﬁw&es were
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grams (7-week-old when received from Taconic, Germantown, NY). For the Daudi (Burkitt's
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received a single dose of veltuzumab (5, 20, or 60 kg) s.c. or i.p., and those in the control groups
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Immunomedics, Inc., Morris Plains, NJ). [0176] In addition to this study, a minimal effective dose
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cell lymphoma model, each mouse in groups of 15 was inoculated with 2.5 x 106 cells Iv. and 5 days
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they lost more than 20% of initial body weight. Survival curves were analyzed using Kaplan-Meier
plots (logMambaniaysramplsmphbIPAsts 4 O Sattvrrethrdictid (dit spAmsos satteles fae.).
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disseminated disease were treated with single i.p. or s.c. injections of veltuzumab. All three doses of

veltuzumais! AR ldt wmeer istnertibread pubsiened igigmmiaglayTRtseippuesiavitiaiotsmice in
comparisgyHPXhg §@4'&?ﬁ>&ﬂ@l¢@ﬁw%ﬂm.a{qqgﬁmoa.rmmo%l@5819?:}@9@@9%@@61%&@9% between

equal doses administered i.p. and s.c. did not yield any significant differences (FIG. 8). While the

control miQ88YREltb £t BiSELLO M-I PathfysisyBhtbrtysasethbiniBa 3 AFHPA Hmes (MSTs) of
the two 6RRAKOIHISINREE DL Oy RB-B1ADM 41426 (118 Haxmior DRnag s SprifeShastivahanvith 4/8

and 6/8 mice still alive when the study ended on Day-126. Similar results were obtained for the
animals GRRERSSOTHSYS MR fedfreTedin Yomen 4 ok A1y asier 1085 178Dy YY) e &/8 mice
alive at tigg@pgoqfitiygstudy in both groups. Only at the lowest dose (5 p.g) was a >50% mortality rate
observed (3/8 and 1/8 mice were still alive at the end of the study in_each i.p./s.c.group), but these

mice still 9442 C8-vapifertionarbatindonreibodisecersting slagsby B3I BN s3 e FRisics s

respectiveli) #emessed P contreisy IniBrotiestiye drsevet el uzimoaly ior Nt Butdiilymphoma
xenografts. [0178] Since a single 5 ktg dose of veltuzumab proved to be@otent in the Daudi

disseminSat BXRIGHE IO NL 1 Sadise /o iswerngisetsnots .28, BPE ARy erags)se then

examined]i dbisosaroe Wasase Riekiabndameykaklyiall fo @odeses mprayest. swgivel gignidocantly
(P<0.0001) when compared to saline control mice (FIG. 9). For, examPIe, mice receivirﬁ%/[a single dose

of 0.5 kigf RHAA P AEIPIR-SHEIRY BfesfAeT Kormpardnisedtraia gsdnsappeiete HS
2010/011487iR& 1 4SZ00HIMPLRZ LIRS, GvdnRhidnd, - Ldays)7Rvemattedowas! {esierbslpre @k 0.05 kg

(50 ng) increased the MST (50 8 days) by more than 2-fold over the controls. Minimum effective dose
of veltuzumab in follicular cell lymphoma xenografis. [0179] In a disseminated follicular cell lymphoma
model, WSU-FSCCL xenografts, groups of mice were administered single i.p. injections of veltuzumab
(FIG. 10). Each group received a 10-fold dilution réﬂging from a high of 35 kg to a low of 0.035 p,g
(35, 3.5, 0.35, and 0.035 kg). Therapy did not start until 5 days after the administration of the

WSUFSCCL cells. All four doses significantly increased survival of the mice when compared to the
calina ~rantral (1 10 ~antroal MCT—299Q Aavie: DeD NON1Y The MST Af mire adminictarad thoa 2E_IkA



Example 15. Treatment with low-dose veltuzumab. Idiopathic Thrombocylopenic Purpura [0183] A
39-year-old female with a 6-month history of ITP had received steroids as standard of care without
satisfactory e\ of platelet levels. She received 2 doses of 80 mg/METLS200UM A1

administered intravenously 2 weeks apart. In spite of the low dose, her B-cell levels were depleted

following dheHidrafiHage «ABH R RS IWY BBURARbHeYEls RGERR A I dOhnataluRTien s diesh dose,
reaching 19 p g/mL after the second dose, and then clearing slowly but still measurable (1 pg/mL) 8

weeks lafd! Ris&PifhporanirahetsrsRCROEROPABIEN M BRI 24 VUM RIS Ktudy entry to
normal ligts: =258 QQ0Mmpad)withipdrslavs aftercihefikst 4osen Thisparapiets: iesPenseai§surrently

continuin_gqand her platelets are still >150,000/mm3 at the last evaluation 18 weeks after treatment.

Interestin§n {6 PRRSINAS B At R HHIQN B strrstimin Cime e A DRSNS HERAR RSN dition

during thentialowitBeviakhatisaak: IUkAc.valiuzumab therapy, all signs and symptoms of ulcerative
colitis abated over the current 18-week followup, which appears to be a collateral effect of this B-cell

therapy. Mifdhansibrdiayiphomaatsddmma ced G madmai RN mdrgitiicome RTHRdAE was
initially digaipesed JZWRarscaaiaiAN R BN ISRIRENMID fatlfol andihen Lo, Rut sEprituximab.
She presented with stage-IV disease includin&qﬁ enlarged iliac lymph nodes and bone marrow

involvemBhCUHE iBdald Pocs e B Mo et tBies 85 ¢ ian #Rc ARS reitsthARBt dHishrfstered

intravenayslyie B8 ievieimurene. demigireréallawingnthepfisst daseu @and Heteim aothesly (exgls increased
with successive doses, reaching 120 ﬁggt/ml after the last dose and then clearing slowly with values
‘i%llg?%a

still measiFABI@ (9 BgAtS a: SRS RrleREYRE ™ KAGRIM O o D tRlusrertt i an

excellentiigspRiss 10 bratmenboditkragression afctbeniliae Wimphl nadesciasmimalsEg on a CT scan
and a negative bone marrow bjopsy. The c%r&nﬁlete response is currently continuing at the last
f

evaluatiofP & HISntRCME e h B RS IRE S e\ AR PR e 1P es sonmaing kol Mith a
15-year histoy1o8fe)lisutdasrbismp bemsentiadoiaciveshiivd e phiostseamentr egime0snnabeaing
intravenous veltuzumab tqQ which she had ieved a 9-month response. She received 8.&‘m
veltuzumisPFHRSASE e A RLE WELRS 100 OIS B ISR SRR 6 R R dose
administeTestinohis (auie:dB; Gl iene SIwerdiieplaied folpwingdien fisstetastan&Esy MIashbady levels
measured over several WO 2010/011697PCT/US20 51321 days following the initial dose showed
evele incFEALTHEIBN) L0 IR oD R IV LA AN HAvenous
administratisendhifyeddecekiiolample aftpreteey lasktreatment, examination of the patient revealed
evidence of most enlarged lymph nodes with disease regressing, and at 4 weeks later, the repeat
examination, including computed tomography scans, showed that the sum of all dimensions of
involved lymph nodes were reduced by more EXxaM®P¥E®mMpared to the cumulative dimensions of
these nodes at baseline, indicating that the patient had aj this pai artigl response. Further
evalati RSP el T Y o LD TR A A R L lgRtabity and the
evidence[0f 44}iVity withtBraddhddlikiinerias svelDasnd30kmasttadtioA 20, diskasapitovasitoad2be s.c.
route was effective. Follicular Lymphoma [0186] -year-old_male with stage-TV, grade-I follicular
ymphom i NREIFTATy PG BE oS L el At P e Bodi T ABH St CroP
chemotherkipy Blihoorpibuadtrd derdite e cefisied b o (e ulsekyeiio 8e8/0f(B0: rOg/ine: Wek 2o0mall):
administefeq i usly. B-cell level re depleted following the first e, rum antibody
evels G SEREY i LUGCALNE ML DS AR Bt BTG A QL8 S Slearing sloviy
with valuésdilahaasprativel (4 indibay )l atdadtiévaluation, 12 weeks later. Most importantly, there was
complete di ar of all disease ,includi .6 cm scalp Jesjon that had been present at study
ey, TH R e A R R R B TS s siom
was seenmhyiKDGADK T2 B8agwich Teisxeatianh alsthsidvds@hi tiehohedogehaliveRiAiab Fas potent,
inducing g complete resnonse i his-pasient, Including ablaton of uelaing B-cells afiep only a single
administration oF%‘i?’mg?meZag veftizuman: xample 6. ﬁrerapy ofr FollicularLarge Ceft ymphoma
[0187] Afelisin €BReas-OldRIHitEIndDE thitheGoadeé D& itutaniargesdelt mon-EHozig kiititsolieyphoma,
proven to + mph naode biopsy in January of 2004. His stage at djagnosis.was stage 3, but
Presents Aok A e TS RS A R e
cyclophosfphamide, which resulted in a remission of 24 months. In 1996, he received a regimen of ICE
(fosfamin £330 AR NG £ R0sIte) andalsp siemcel ey followed by cansoliion radiation
to a retroperifoneal mass. He reépon for 88’ months. He |(ecen y presented with no é-symptoms,
no signifisant @BXyskGmociee MistgnonrkecgronsribfRinogtbb hlimabizednaalite §) 228N 08y T cells/pL, 32
CD19-B- WO 2010/011697PCT/US2009/051321 cells/pt and enlarged supraclavicular node of 10 x 8
cm, left and right axillary masses of 2.0 and 2.8 cm diameters, and a lateral neck mass of 2-3 cm. The
patient was given four s.c. injections of 80 mg veltuzumab, two weeks apart. There were no significant
adverse reactions or safety issues, only minor trarfdient erythematous reactions and tenderness at the
injection sites. At four days after the first injection, CD | 9+ B-cells in the blood were measured as 0, so
were completely ablated. The patient's large neck mass shrank, as measured by palpation, by 50% 4

Aavie aftar thaoa firet iniacrtinn anAd he inAdicatad that ha wace fanlinAa hattar CT c~rance ara nandinA in



dramatically. A second course of rituximab involved 3 weekly doses, and over several weeks, her
platelet count, hemoblobin and absolute neutrophil normalized, and after 2-3 months, red cell and
platelet antiBIRYM8EHIYEd. This remission to rituximab lasted for 9 monthF, GUUEP/051321
thrombocytopenia was noted on a routine CBC, and again red cell, neutrophil and platelet antibody

was detegieduZhgpatienhyasthensiyanprsinissns and intrapenousdmmungaiapuling angghowed a
partial response. [0190] Then a third course of rituximab, 2 weekly doses, was given, and two

episodestEthpbiayamanEL) ABHPId R ERG gFcbsveTAa I Mornihadheere el prisd e sHSwed a
transient {esRANSEN 4ndl MMETHRS JPWh PRAGMIPRENIaBHRemataloniaad aptibrdiga resa ¢ the patient

has since had transfusions for her anemia, with red cell antibodies and anemia being her most
significarit{sraiesH kil Atehrditert editdersd ot HrdnBEaitIenik ShEWSES B HESHEHENES to
steroids QfdptraMERQMH ITRENIRO QRMINGi DR HiRINEe e iR X ARHOT iR $PeNRAtaimhab dsourse of

cytotoxic chematherapy, she is%%ven an experimental regimen of veltuzumab, consisting of 10 mg

subcutareba8yimLie ehose Sidbs e yer e vk g%ﬁ@%&tﬂ%ﬁ@&éaﬁ@weeks later. Prior to
the seconguserdepbpiansaficl culatieg fdX hoasiive Beeallsistornd»and mpreuesnant o1 her red

blood cell and platelet counts is observed. Twao weeks after the second s.c. injection of veltuzumab,
the patieRtgeherd PohtRIEHNSHEWATHRR Atk rhangssBamIss RE frHRaH SRV ah & Hiehb et

antibodiesare Fralymeasureable, and all hematological abnormalities show significant improvement,
with platelet, neutrophil, and RBC counts being at the lower end of the normal ranges. At 2 months
post ther BBy the tBRYESARNUES 16BePIR FeHREsiEH O venct: S e AN ABRY IR & fBted at
anytime duRBYithehyeiiuAITabtheramdidacieatFIchaithasesis, RO I Miffes fiosS FefGiilyako rituximab,
and that very low subcutaneous doses of veltuzumab are therapeutic in this patient with Evans
syndrom& EX SIS R ID RS MK SRS L RUAR IS GBHEH (ARSAS ¥ UM BRy fEffiale with a
3-year histaneababregienyeipbacydictienkomia.idanddlapaedaiies acowsecoBalemitztimab
(CAMPATHO),. but prjor history shows that she had responses of various durations to chlorambucil
B othe PRI TGS SRR SR HE AR SoICRREETSTELL e bANe A Bt aiso an
elevated pefpherklbanphacyienceust Mittupraimine Rt blagta 0f H8E0H/ cowei&he 18 giveipht
subcutaneous injections of 40 eltuzumab twjce yweekly for 6 weeks, and after the second
inection S HEMp LR HD LRS00 HBpe B GBI S KM GRS HHEPIRE 5Lt S TAfSEton, her
peripheralf\Wh2Ah0 11497 P d /4 X2080404 1825 hioeiicounts dréshghty @bage the normal range,
but more | tantly, bone marrow aspiration shows a definite_.good partial response, and the clinical
picture oML GRS TS SRS B o AR G DB rmprove
dramaticalpnifixampleiilDrdspesunetidhramn b aidaleenioPiopu GO0 fias]yRighsraaiyeaidold male

with a histor tof.l‘tI'P for 1t5 yﬁars,télé_ﬁsrior ther.agies no splen ct m ,and%%e%gentin with 26,000
platelets/thTH AHRSHRSE TR SRR IR Uea SR AL 8FRE Hg Vel Lo S E IR HAFRELLIS (6Sks apart.
Prior to tlorasgesddhjestioristite asueemabtabhisdibodifEen9ds limfphineytek sbpwsceWIheeduction.
Two weeks after.the second injection of veltuzumal, hi et count shows a doubling, which
norensod B TBHGD By T Bl LSRR HETAY. LR S AT oA TEATEn the platelet
count agdusitalladd DOONE ofasb}d¢eradnwitha patieohisitheiveaiedtettinicecidithatemer veltuzumab

s.c., again 2 weeks apart. Four days after t eciﬁ%{ jection th @ et count rise 28,000/cmm,
ar ton T A ORI B S DL e by B Bek oD RIS 6 DI PR i
significantlyxinpriobed itk G A0Rs o cdtndutinatp alfiernih ¢s dengice éd tohaveacgogdddrtidlatresponse,
with no evidence of bleeding,or, petechiae duri tuzumab therapy, and returns to full-time activity
nd o SR E 30 R AR G A DU L SR, DIYLAY Gevelops
painful jotittssipeattjculddy e lvefisthjdveanz idomtles] @R HainrendlBRHY mapmngestiffness of about 40

min. On ination, both her wri e metacarpophalangeal joints of both her hands are
swollen jxﬁ}%r?geggu ??;1 5'%8Pd%§ct¢r§%idil;§2here are no nodules or vasulitic lesions. She has an

n +

elevated "éb%%ctt\/e fote (CRPHevelof 30-maft b’f‘O otherntse-format bor"rﬁ‘;( finchings, but with a
positive|rhedmatol H?'actog an [ antibodies. She clgarly|is at|the |bedinning|of RA |and is first
i ' ter gir-stiffness

treated v\.}h ‘buproé". How bthe iSymptomaieimpray
and swellifg 6f Y ands per Dr\{tlhs ater; her|knees ar(!vsimllaurly afrected. 'Six months
P | thollaft alhow larmAall 1 |
1o IicTU UVV,[ STTTTIT,| paln eSS

=0

mhal oy ol amt thh
o T e

tarnh aty
U

@

after thg ‘“.itiﬂf' gresentation;—Sh 3-supeutpneous-nogdules-en

and immg)JiFg, Ut not tender. flands show bpny fetosidns|if thé metacarpal helads, again
an elevated CRP (53 mg/1). $he is now given 120 mg veltuzumah subcutanegusly for 3 welekly
injections. Her first evidence of improvement occurs after the second injection, when she notices that
her morning joint pain and stiffness is reduced to about 15 minutes, and within 2 weeks after the WO
2010/011697PCT/US2009/051321 third injection, she experiences improved mobility, her joints
appear to have reduced swelling, and her CRP lev8s falls to 15 mg/1, slightly above the normal
range. Her symptoms and signs of RA are markedly improved for the next 8 weeks of followup. No

methotrexate or steroid therapy is required during the veltuzumab treatment or for the 2 months

tharaaftar Evamnla 21 inAaran'c evvnAdraomaoa with arthritic INT10RTIK < iec a A1 vaar-nld wonman whn i




[0197] Prior to receiving the intravenous immune globulin, she is given 40 mg intravenous
methylprednisolone, 650 mg oral acetaminophen, and 50 mg diphenhydramine. No premedication is
given prior tYh¥&IBEEdlient veltuzumab injections. Following this course S FrdlSPadkEpiaF~Itherapy,
the panel-reactive antibody level is reduced significantly, and T-cell flow-cytometric cross-matching
shows 4 % drop prior (0 ransplangaiign.| (hrég manins Jatef, Jné paijgnirgceiyes a kidney transplant
from a deceased donor, and a typical induction therapy immedgiately thereafter| (30 mg alemtuzumab
s.c.) anjrgiilﬁbl(iirlﬁléibum)bupple Sivetirergpy consistimy of prediisone, mycopje lNidte mofeti], and
tacrolimus, tapered over the next year, as well @s prophylactig antjibiotics, are given. She has no
rejectior-episede-as-monitored-forthe
This ap bABR to be a successfll casd dfdas@ng
effectively, resulting in a successful transplant

therapeutigghaiactelirtigs in aptitab anhadie I8 ARMFAAGHhE SAadpBIRg ON rituximab, the first
chimeric anti-CD20 MADb introduced into lymphoma and autoimmune disease therapy, include
reducing the murine component by CDR-grafting (humanization) and making fully human MAbs from
transgenic mice, targeting a different CD20 epitope, and enhancing CDC or ADCC activity by altering

Pc structiredmplsrérdamatrystinngd R KN e rrce (Y aE 20 of gtuaumaly Res, 2008, abstract
LB-70; Glong allialesivietibnetddnkcdfiés 44d3RBar 30 )y MeWRvRs pliiehaid/abknRew whseihef these

modifications will result in a more potent anti-CD20 MAb, as measured either by B-cell depletion,
control oPAiRNREYRHY ’c}}dl@?nM&%ﬁ&%ﬁ%ﬂ%@’?ﬁeﬁgﬁg}ﬁg?‘é@B@&%WW%‘P‘PW&%%CFQ Lctive or
resistant UKtURERaR 2 [ALA WAL P FRERAMEdUXIMAR inslilegHoRjeelNE (2SREesisnastinyartial
responses, itneg;aébtout half of patients wiglﬁfollicular Ig/mphom (Castillo et al., Exp I—;C%):ﬁatol. 2008,

e B D N B e S T B oS e oot the

use of riteiranimi Mg wslhealWiblbdratientsder hHepant Necads,itsorechantiansemptitennds well as
those of agther anti-CD20 MADbs, eitheréi%model systems or patients, remain debated among numerous

studies dhBHESAHFEPLER RINAY Ribiled B EDC cABEE gy Ififalyiiggegccaagecaccacg

2010/01 KI9GRO NUS 2008405 I3l Sigaadingpvith apeptatisefacisN@lenosieseralo Mol Immunot
2007, 44:3823-37, Maloney, Hematology Am Soc tol Educ Pmgram.2007:226-232; Martin et at,
Sermin He RIS A T SEa RO R R Sl S L FHonRek itimab combimed with
epratuzuped ghoweadagyitercS K IMPNYQd ¥ peaiiesds i) Nplbrpalicsisuyitimaesrespaseaside-effects
over those resuyling from monatherapy with rituximab, (Goldenherg, Expert Rev Anticancer, Ther. 2006,
1341 A AR AT VS IEBE 005 D B AP0 PEATLS 55 Al BHBE 2006,
24:3880-3886) DaiddBigihialp pieses Wasite bns8 0 tiprahipimeiz &t ahtinaO20 MARdbahdould be
combined with, epratuzumab ould.be maore talerable for rapid infusions due to having the FRs of
cratuzaF SRS 1 T G SRS S CIRIDER T PR o0t iR GBS PR BT i torms
of epitoperhytichieg waifiodyti And Gy eid&naad DallAgseydénuihgitidie 80itp fiSieneatvads &liisédancer
Res. 2004, 10:2868-78). After treati tie ith.indolent NHL, the anticipated improved tolerability
e USSR A SO BCLAS 1 1o b S MERT I LER TSR was found.
The PhaseAYlidallia 82cincoldidiNits patjentd dedigasitaied thamyietecrasponse rBiesdqguailteloses
tested (27%, for.all. follicul oma patients for doses between 80 an mg/m2 once-weekly x 4
weoks) (i SoH AL o B A B e P OA PG P SR THERATEE Abstracr
8032; Goldenberg et al., Proc Amer Soc Clin Oncol, J. Clin. Oncol. 2008, 26(15S):142s, Abstract.
3043; Mqgrschhauser et at, J Clin Oncpl, 2009 Jul 10;27(2Q):3346-53. Epub 2009 May 18) exceed
those re%%?éﬂ@gﬁﬁeseggigﬁaﬁ%eag?ﬁﬁ}%’g mgtl 18 % I\}é'ﬁ}gr%]glﬁgiéofﬁ%omparable patients (Davis et
al., .1 Clin Oncole200@¢4 8:3135-3143). These findings prompted us to re-evaluate the functional
propertie uzu in.comparison tg rituximal. [0201] Stydies in.cynomolgys.monkeys (Example
1 have U O o B SR I e e S SR A TR Uome oo low o
the equivigiephom30ineg/M2idih Rayansd usohweithpunrdutedisreufficteAthepotenktpeitbiliceeperipheral
blood ang.lymphaticpraan.&-celldepletion. in addiion, enhangpd survival and.avenyeg were
demonstrated in mice earing CD2 +€fymphoma xenograns after a single, I.p. or s.c. dose as low as
0.05 pg. frothd3e AbusEpstadi€t mveose-sponbernasldbsanydas i gedesjgivficand Mfdvence
between IV, QI S.CIoyies was.no Q Although different anti-CD20 MAbs.have shown some
varatont Tk B s T g
effects (Nishica®iahks ntspe®eotuB06, 18 TRYEMD ) Lviit iabhadl ogsoghize@heHargerexiaellular loop
and WO 2010/011697PCT/US2009/051321 partially or completely crossblock each other (Pol yak et
al., J hnmunol.1998, 161:3242-3248; Polyak and Deans, 2002, 99:3256-3262; Perosa el at, Blood
2006, 107:1070-1077) except ofatumumab, which is reported to bind to a novel epitope of CD20
(Teeling et al., .1 Inununot 2006, 177:362-371). véftuzumab crossblocks binding by rituximab (Stein et
at, Clin Cancer Res. 2004, 10:2868-78), suggesting either the same epitope is recognized by both
MADs or binding to an adjacent epitope could result in steric hindrance. [0203] In the Examples above,

t+the hinAdinAa anAd Adicenriatinn naramaoatare nf vvaltiriziimah and ritiriviemah ware conmnarad hath hyy
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applications being between 200 and 600 pg in a 20-g mouse, which are at least 4,000- to 12,000-fold
higher than the single doses of 0.05 to 0.35 pg of veltuzumab showing high antigrowth activity in the
lymphoma XERAYiEd tefSted (Examples 11 and 13). Depletion of murine NREEIES AN/ Mg ophils
prevented these effects of veltuzumab (Example ID), emphasizing the role of ADCC in vivo, as shown
previously, feyisiedmaR iHeansar bizaliuist shaboRelliEan0er RRS A0S RIRGH#3)1 §0208] These
in-vitro, mouse, monkey, and other human studies indicate (0 that veltuzumab is active at a fraction of
the convéigliharefricalwesensfFitahhab or of the minimal therapeutic doses of two other
second-generatign apti-C20.MAbs in preclinical models, (i) that the two distinguishing differences in
activity vs. rituximab involve CDC and off-rate functions, and (iii) that the lower off-rate appears to be

related td M 8t gldamwidaerinnnkeiod hingiagsdsatradiajiesidaadthiheromrHdisfoetiple 24.
Low-dose yRizumial it s e raB et Nemk Hedokirs JumrhomeNidh)iRi {R70R1A iRk of 82

patients (34 male, 48 female; age 33-85) received 4 once-weekly doses of 80-750 mg/m2 veltuzumab,
with studihevaiuaiiondishng datr Rhtainsgenits hedagierrditeseaydssreng dsicis i heytead follicular
(FL, N=5p);gh Qe ANT SR FHeL Srtlvanens Predepingnityasians;l N (B0 rlviddy &miiédand had

received 1-7 prior treatment regimens (median, 1.5), most (89%) including at least one
rituximab%ﬂﬂé@@@té@f@ﬁ%mmwnw Uﬁiﬂ@@}@fﬁéﬁﬂé@?ﬁ%@éﬁﬂtﬁéﬂé@tﬁ W@ﬂﬁfbl@ag-_re_ lated
adverse gyepts being tiansient (Giade b ANk Witk shaierIBfUSIL UGS RisR'pS h initially and 1
h subsequently) at lower doses. In follicular lymphoma, 24/55 patients had objective responses (OR,
44%), wiﬂ@lltai(lirrgfd)%@mpammwds@éla@ﬁmmm@unﬁﬁ@@mm@r@@mﬁoﬁmmwregimens,
o e IR RO SRR B IIMA 25 S IR TS g aball e IRl 1 o
B-cell NHL, 5/6 patients with marginal zone lyniphoma had ORs (83%), including 2 CR/CRu's (33%),
one at 80ungimi2plidiaiie Apapienii witldidigfuse megeuBdbly inaiptiomneepbchpartibibedspdhdds (43%),
including ve +B-cell 1St | ion,: ean
anibocly e B i
apparentwigéfievedscimaesponders at this dose), with post-treatment serum clearance similar to or

sower g S YEAR. N RUOIEHEOTRCTIS2OORABIFLEATHAROURE AR The slmyi

anti-CD20 monoclonal antibody (MAD), rit-uximab (RituxanO; Genentech, South San Francisco, CA;
Biogen lded PlaqndduutivalssseintDicgosGAls e tipprbiietwaoreithdar dodeckdeuad fordthe

treatmenf;qf 2lapseo hﬁﬂﬁ%ggfxi@ayﬁgrm% BeiRlif et GRARRARINE RN BIRAARRFedn the
m2_d ministered once weekly Tor 4 consecutive weeks

pivotal trial in this population, a 375- mg/ se adm
resulted th 2 48%ovetaitvexporseuateS @ cohfplet® rEupinsEspbMolrapitin eways. Jielin Oncol
16:2625 38535 A% Jrnancing.an Taindoiialsudeesse duimapag heen hioaadagied for use in
B-cell malignancies (Traulle & Coitfier, Future Oncol 1:297-306, 2005; Marcus & Hagenbeek, Eur J
Haematd?-@@p_ﬁl-@?@fllﬁ),r Zﬂmmeﬁi@@twlucwl@e&im@aﬁﬁwgmmﬁcv ere0oB)ymimarily in
combination it cRABRINIETaRY, (B s (FHCHRaRSHA mbHlia3AGa} %%a%&(% (Nikfin 3904 Colfier et

al., N Eng( .1 Med 346:235-242, 2002), as well as in autoimmune disorders mbers 8z Isenberg,
Lupus 14:21ncep B0 thooR Sikelratiam, 3ot BidSei209-2 Sain 220k, CUo7¢ awseRet atOAHHI%is Rheum
54:2793-3@986,,2%% ); Hauser et al., N Engl J Med 358:676-688. 2008). Second-generation anti-CD20
antibodies have been constructed in order to increase efficacy, decrease toxicity (primarily infusion
reactions) or immunogenicity, and allow more rapid administrations (Domer & Burmester, Curr Opin
Rheumaipl 20); 683268, n 0% Ml firflco sl dgemalp! 45:126-132, 2008; Genovese et al.,
Arthritis & Rheumatism 54:S66, 2006; Morschhauser et al., Blood 110:199a, 2007; Hagenbeek et al.,
Blood 1105286en0sntormg; kot s peciti @ sed i inioodutiomn2be ant{d 2229 MésArlab (hA20) is

a CDR (qpimplefneiantysdaiatminingragionlraitsda njzsd el BRI G arpAMAR that was
constructed with light chain CDRs and heavy chain CDRI and CDR2 identical to rituximab, but a

different BORSN avidpte-segipriHER Hiediam consiviier nanino AR dradamaimg fi&Eework regions taken
from epraihizumal, R Hyanzed A EAYAL (GRIFENREEAARL RTINS HM, 296 fi) (nep! 22:595,
2003; Goldenberg et al., Proc Am Soc Clin Oncol 26:142s, 2008; Example 1). These changes resulted
in important-tifieleshied 8 oiparamed miasinrabasechids RigrisHantyhsisisesss-pAtcd Y8l 3 human
lymphomga,gelhines iestes thaamplerahaipd dhsiamiicandly iRgeaseERsoRis menfdeRamdant

cytotoxicity in one of these cell lines (Example@%, while no significant differences in direct proliferation
inhibition4 &p&Ytdsish o ARABBAVA tRatea NSO RIC A hES gﬁé‘@ﬂﬁe’dlfﬁ Uige (Badiogiesityand o;
Goldenbgrgafabd RIAF AN SRGGURGIERhER H85 2RA% Stein ebali i GRvser) Res 10:2868-2878,
2004; Goldenberg et al., Proc Am Soc Clin Oncol 26:1 42s, 2008). In addition, studies in normal
cynomolgus monkeys (Example 12) and in mice bearing human lymphoma xenografts (Example 13)
found that very low doses of veltuzumab not only given intravenously, but also subcutaneously, were
very effective in depleting B-cells and controlling tafnor growth, respectively, even curing a significant
number of mice (Examples 13 and 14; Goldenberg et al., Proc Am ,S'oc Clin On cot 26:142s, 2008).
[0213] The first clinical test of veltuzumab was in a young patient with systemic lupus erythematosus

(1 EN with lifa thrasataninAa ~yviitonaniac whn bad haramao rafrarcrtary +to ctandard ecalviana madiratinne



WO 2010/011697PCT/US2009/051321 Blood | 06:683a, 2005). It became apparent that objective
responses (increasing complete responses) occurred at all dose levels without obvious dose response
(Morschhau®dt ¥11808/8dd 108:769a, 2006), consistent with observations iRGHIPAHINOEZ! that low
doses of this antibody may be effective (Example 13). Since even lower doses of veltuzumab
(including &Amalma) had StRyVA RIOTHREATSaMAAhpUIR RAISAISWID CT9EAR Skkiaslivity
(Example éL%Sg the protocol was amended and the final patients enrolled in the study were treated at
the lower B PBEES AldPm2(Morschhauser et al., P roc Am Soc Cliii Oncol 25, 449, 2007). [0217]
Patient population - To be eligible, adults with documented CD20+ B-cell NHL by WHO criteria must

have faiI@&gﬁ{gﬁ%p@,ﬂ@ggﬁtﬁp@%%@mwﬁmﬁm@en or rituximab treatment for NHL and
have measurable disease with at least one lesion >1.5 cm by CT, but no mass >10 cm. Patients must

be at leat¥ A nBrrILsBRSIBRANAFF R ARB ARG SRR et -dAHAT or whitard dosiBraesnah

rituximab irRatsg, INGUCARES @R et Kaxigity e oipaak By KeavnayHAGA RasIEBYEligibility
also required hemoglobin 10 %/dL, ANC 1.5 x 109/L, platelets 100 x 109/L (all without transfusional

support), B8 AR aAY sEUBHY 1 B xEackMioh AasdpR Ty it ABYROSFY VLRI RISFIERG ALT 2.5 x
IULN, O-TZE{oR-PhyERS R REI{IRnANGE 15talusy ltie RXReaNGY thitambard2sweeksayond any

autologous stem cell transplant, and 4 weeks a)r;zy eyond chemotherapy, other ex&arimental

treatmenBEcgh{tia&eH M@l‘a‘fﬂ}%fﬁ?@?ﬁd% %bg h©e Bt T ARRARENES RhPloma, HIV

lymphomgy trengRee doy b RPRIISYNP a8 PlSniBRias sk 07, BT NAMalaws FeRERgItS,
pleural effusion with positive cytology for | ing%%rjsna rior radioimmunotherapgloor‘prior therapy with
tB

other hur&FE SRAHEH YEd mbeoisre AL PRH ARSI S Rt e RerelifErgible.

Other exglugign ‘g{it@ﬁiﬁlWil@Mﬁ EY, heRgitiadd ar CPasithiyMKNWRIAHIRIMRNE THsgdse or
presence of autoimmune phenomena, infection or antibiotic use within 5 days, corticosteroids within 2

weeks, ofHgHekncE WK G SRIaMAE s Homalsarifs MEMniastes W armatr Eabciidia in situ),

and othepgqnriti @astlikehidadnteriers with Atushcliespsipiian hE RoseumesMemerplighildbearing
potential must have a negative pregnancy test, and patients of childbearing SJOtentiaI must practice

birth confriForas éRsetaiGheRs asrdOAremRite ShBrrdawhBIRdIng I UMEB S VRN on a
weekly bpgia fgfAmaRIaCHieWeRkar AllRANENtS RSB PramadiCRtasant s elsywiBqaant

anti-histamine and an anti-pyretic, but no steroids were given routinely. During dose escalation,

cohorts NSV pMERS Yateitken WG Lt b/idie et p EhoBeserignsdmsl Rinting, mhlshisitRs easing

dose levefspkA26r #8MBT 2 AN ddAdv@bp-thwhilersobsedyeniRpiiantsraarivad eiuzdmab at 80,
120, 200 or 375 mg/m2. For aatients remaining stable in the absence of infusion reactions, guidelines

for veltuATHBHRISITHRRIAM O RS R Y R G avam duaesy S 18 B th ha A kiR dements
of 50 mgd¥iesitle 1' infusion and 100-200 mg/h for subsequent infusions. Otherwise, recommended
actions included slowing the infusion rate for mild toxicity; interrupting.the infusion for moderate toxicity
for at leab P hRG S OF BHONSAH QI FAURAD i HERD B v QR Hfoston rate, if the
patient WRasRRIEIGIFBperd RAGNINGSCONtEMing heoinpisan foh s ard@fe fexigity. [0219] Data
collection - CT scans (neck, chest, abdomen, pelvis, other sites of known disease) and physical

examinatiSHEANERD JEARIEM b Adefin Addi AT Measremenss MRS R PR IR IR Bigease

progressiggseentioHes felnsaansaneiRiysicahepimtaaRiz wesksrend hemevennsimonths until
the occurrence of disease %rf?giression. Bone marrow biopsy was required at baseline and in those
fi

patients WRPFHENS nhx 8¢ rfttdmsricom: isdedetiffocdostitaiameb b pigres potise/ tRlfing infusions,

patients ey Mapteradfoh AdYeIas fiaastiees. oulh)vial slansipbianadaysry datin Angl completion,
and then 30 and 60 min later, They continued to be monitored for adverse events at evaluations 4 and

12 weeks$aHEE &S8P iRtisibe DA tNeRWRrgissardHaidomiRassritow BF ahgtiredftehn-fathted

abnormalitiefo! QG whaRgesAaina dditianatipiemrely. Birad samplesdehtominensafety
laboratories (serum chemistry, hematology) and physical examinations were obtained prior to each

infusion, PaREF £5 (VEbRs!AMNSPIALEIFTERIBAPIN PR LoV disrRsittioneioidhaipabalisidsg until
progressiphrigers8isHeZRidalepdsampies faniaalbcou ot QPR3 dmdveirudkiaiapdrprior to each

infusion, at 1, 4, 8 and 12 weeks after last infusion, and during follow-up eve]%/ 3 manths until

decreasdiib el (&G nek) BWRF D 15258 R F R 20iBIotr LaphsERb o e Meind VeIt +) and
serum imypiaagiBURS G K dalermingd ashasalinespsivedeiask nfussonif, anddhysasks after last

infusion, and then during follow-up every 3 months until resolution of any treatment-related
abnormalftigs. Bijumeaiihiel ettt AN EMivels were obtained prior to and 30 minutes after
each infusion, at 24, 48, 72 and 96 hours after the first and last infusions, and then at 1, 2, 3, 4, 8 and
12 weeks after last infusion. Blood samples for immunogenicity (HAHA; human anti-veltuzumab
antibodies) were obtained at baseline, 4 and 12 weeks after last infusion, and then during follow-up if
positive at 12 weeks. WO 2010/011697PCT/US2089/051321 [0221] Study Evaluations - Treatment
responses were determined using international workshop criteria (Cheson et al., J Clin Oncol. 1999,
17:1244-1253), with each patient's best response classified as either complete response (CR),

~rcmnlate reennncecae 1ineceanfirmad (1CRi11 nartial raennnea IDRY coftahla Aicaaca Ar nranracein/a Adiecaacno



FCC (N=55) Other2 (N=27) Sex (M/F) 34/48 21/34 13/14 Age, median yrs (range) 64 (33-85)

61(33-80) 66 (43-85) ECOG: 0, 1,2 68, 18,2 45,10, 0 17, 8,2 Disease stage at study entry 19756
WO 2010/011697 PCT/US2009/051321

Example 6. In-vitro cell proliferation inhibition by MTT assay

[0156] The in-vitro cytotoxicity assay was based on the method of Mosmann ( J Immunol
Methods, 65: 55-63, 1983). Briefly, cell lines were plated at 1-2 x 10" cells/well (100 pl) in
96-well plates, to which antibodies were added (100 ul). After incubation for 4 days at 37°C
in a humidified CO; (5%) incubator, 25 ul of 5.0 mg/ml MTT [3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide] was added, and the cells were incubated for an additional 4
h at 37°C. Plates were then centrifuged and supernatants removed. Pellets were dissolved
using 100 pl DMSO/well and optical density was measured at 570 nm on a microplate reader
(Molecular Devices, Sunnyvale, CA). Because unlabeled rituximab and veltuzumab were
reported previously to require crosslinking for cytotoxic activity (Stein et al., Blood, 104:
3705-3711, 2004), goat-anti-human IgG (GAH) was added to some of the wells. Veltuzumab
and rituximab were used at a final concentration of 5 pg/ml and GAH was used at 20 pg/ml.
All tests were performed in 4 replicates.

[0157] The ability of veltuzumab and rituximab to inhibit proliferation was examined using
MTT cytotoxicity assays on four lymphoma cell lines, SU-DHL-6, Daudi, Raji, and WSU-
FSCCL, which differ in their expression levels of CD20 ( Stein et al., Clin Cancer Res, 10:
2868-2878, 2004). While the sensitivity to both MAbs correlated with CD20 expression
(SU-DHL-6 > Raji > Daudi > WSU-FSCCL), no significant differences in potency were
observed between veltuzumab and rituximab within a cell line (FIG. 6). Crosslinking with
second antibody (GAH, goat anti-human IgG) increased the efficacy of veltuzumab and
rituximab on Raji and Daudi cells, two cell lines with intermediate levels of CD20 expression
and sensitivity to killing by anti-CD20 MAbs (FIG. 6). Inhibition of proliferation of cell
lines on either extreme of anti-CD20 sensitivity (e.g., SU-DHL-6, which is very sensitive,
and WSU-FSCCL, which is very insensitive) did not benefit by the addition of second
antibody (FIG. 6).

Example 7. B- and T-cell depletion in vitro.

[0158] The effects of veltuzumab on human peripheral blood lymphocytes of healthy
volunteers were assessed in vitro using flow cytometry. Aliquots of whole blood were
incubated with veltuzumab for two days followed by analysis of B-cells (CD19+) and T-cells
(CD3+) by FACS. Controls included no antibody and a negative control humanized MAb
(anti-CEACAMS monoclonal antibody, hMN-14). Incubation of whole blood with

veltuzumab led to significant decreases in the number of B-cells, but not T-cells (FIG. 7).



421126206 1113924151V Yrs from diagnosis median (range) 5.1 (1.2-31.5) 5.1 (1.6-31.5) 5.1
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Decreases of B-cells ranged from 26 — 80% using 5 pg/ml, and 11 — 61 % using 1 pg/ml (P
values vs. untreated cells < 0.05 with 1 wg/ml [6.7 nM] for 3/3 blood donors and 5 pg/ml
[33.3 nM] for 5/5 blood donors). Because whole blood was used in the incubation mixtures,
the decreases observed in the cell counts could be due to CDC or ADCC, as well as direct

signaling.

Example 8. Complement-dependent cytotoxicity (CDC) assays.

[0159] A fluorometric method was used to evaluate and compare CDC activity of
veltuzumab vs. rituximab. Daudi, Raji or Ramos cells (1 x 10%mL) were seeded (50 uL per
well) in black 96-well plates (Nunc) and incubated for 3 h at 37°C and 5% CO, with each test
MAD (0.001 to 10 ug/mL) in the presence of human complement (Quidel Corp., San Diego,
CA) at 1/20 final dilution. The indicator dye, AlamarBlue (BioSource, Camarillo, CA), was
added and the incubation continued overnight. Viable cells were then quantified by
measuring the fluorescence intensity with excitation at 530 nM and emission at 590 nM using
a BioTek Synergy™ HT Multi-Detection Microplate Reader and KC4 Signature Software
(BioTek Instruments, Inc., Winooski, VT).

[0160] The dose-response curves generated from the mean of 6 replicate determinations were
analyzed using Prism software to obtain ECso values. In the case of Daudi cells, to account
for day-to-day variations in the assay, as well as to increase the precision of the ECsg
estimates, the experiments used a multi-factorial design, where the assay for each antibody
was performed in triplicate each day, and repeated on three different days for a total of 9
assays per antibody. The samples included 3 different lots of veltuzumab and one of
rituximab. Statistical analysis of the ECso data was based on a 2-way analysis of variance
(ANOVA) model with day and antibody type as factors. Dunnett’s multiple comparison
procedure was utilized to perform the 3 comparisons of all 4 constructs at an overall
experimental error rate of 0.05.

[0161] With Daudi as the target cells for CDC, we observed consistently a lower value of
ECso for veltuzumab (Table 2) when compared to rituximab. Further measurements
addressing any effect of day-to-day variation as well as any differences in ECs, patterns
amongst the antibodies across different days indicated that the mean difference in ECsg
observed between rituximab and each of the three lots of veltuzumab was consistently
statistically significant (P< 0.0001). However, no differences between veltuzumab and

rituximab were observed with CDC results in the other two cell lines, Raji and Ramos.



Prior treatment regimens Number, median (range) 1.5 (1-7) 2 (1-7) 1(1-5) Rituximab containing: 0. 1,
>29,49,247,31,17 2, 18, 7 Last treatment  Yrs from, median (range) 1.8(0.1-11) 1.9(0.1-8)
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Table 2. Comparison of Veltuzumab versus Rituximab: Summary of CDC Results

(ECsy) in the Daudi cell line.

No. of
Experimen | ECs5 ( g/mlL) Mean 95% Confidence
Antibody ts Mean =+ Std. Difference Interval [1]
(N) Dev.
Rituximab 9 0.1485 +0.0200
Veltuzumab 9 0.0990 + 0.0232 -0.0495 (0.0611, -0.0378)
(Lot 1)
Veltuzumab
(Lot 2) 9 0.0843 £0.0215 -0.0642 (-0.0758, -0.0525)
Veltuzumab
(Lot 3) 9 0.0904 +0.0239 -0.0581 (-0.0697, -0.0464)

' Based on 2-way ANOVA model adjusted for multiple comparisons using Dunnett’s

method.

Example 9. Antibody-dependent cellular cytotoxicity (ADCC) assays.

[0162] Induction of ADCC was measured using peripheral blood mononuclear cells
(PBMCs) and Daudi as effector and target cells, respectively. Daudi cells were incubated
with each test antibody in triplicate at 5 pg/mL for 30 min at 37°C and 5% CO,. Freshly
isolated peripheral blood mononuclear cells (PBMCs) obtained from healthy volunteers were
then added at a predetermined optimal effector-to-target ratio of 50:1. Following a four hour
incubation, cell lysis was assessed by CytoTox-One (Promega, Madison, WI). ADCC was
determined for MADb + effector cells, MAD + target cells, and MAD + target cells + effector
cells. Control wells containing MAb alone and target cells alone also were processed.
[0163] To evaluate the results, the mean background value obtained from wells with media
alone was subtracted from all other wells, and the % lysis was calculated using the following
equation in which MET represents wells containing MAb, effector and target cells; ET is
wells containing effector and target cells; T, wells containing target cells only; and Max is
wells containing target cells and lysis buffer:

MET - ET
% Lysis = ———— x 100.
Max - T.



1.6(0.1-11) Response (yes/no) 76/6 53/2 23/4 Duration of (mo), median (range) 18.0 (2-143) 18.0
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[0164] The level of ADCC activity of five lots of veltuzumab was compared to those of
rituximab and a negative control MAb (hMN-14) by measuring cytolysis of the CD20-
expressing Daudi cell line. Effector cell function was provided by PBMC:s freshly isolated
from two volunteer blood donors. The results indicated that rituximab and each of the 5 lots
of veltuzumab produced statistically similar (P=0.12) levels of ADCC (40-45% lysis) (data
not shown). Rituximab and veltuzumab both showed significantly higher levels of ADCC
(P<0.0001) compared to the control MADb (9.9% lysis, humanized anti-CEA labetuzumab).

Example 10. Effects of natural killer (NK) cell and neutrophil depletion on therapy.
[0165] Depletion of NK cells and neutrophils was performed as described previously
(Hernandez-Ilizaliturri et. al., Clin Cancer Res 9:5810-12, 2003). Briefly, each mouse
received 100 UL of anti-mouse Gr-1 ascites 1.p. (provided by Dr. F.J. Hernandez-Ilizaliturri,
Roswell Park Cancer Institute, Buffalo, NY) and 100 ug anti-mouse IL-2 receptor antibody
(TMB-1, BD PharMingen, Inc., San Jose, CA) one day before inoculating 1x 10° Raji cells,
followed by two more i.p. injections of anti-mouse Gr-1 ascites on Days 6 and 13. Depletion
was confirmed by FACS analysis of blood samples taken from 1 depleted and 1 non-depleted
mouse on Days 3 and 13. Veltuzumab (200 pg) or saline was administered i.v. on Days 3, 5,
7,and 11.

[0166] The role of effector cells on veltuzumab’s inhibition of Raji tumor growth in vivo was
examined (FIG. 11). In those animals depleted of NK and neutrophils, there was no
difference between saline control and treated mice, both having the same MST (16.4 + 1.3
days). In contrast, in the non-depleted mice, veltuzumab-treated mice had a significantly

improved MST over the saline controls (38.6 + 7.3 vs. 18.4 + 0.9 days; P<0.0035).

Example 11. Analysis of serum pharmacokinetics in mice after i.p. or s.c.
administration.

[0167] Twelve 9-week-old naive female Swiss-Webster mice (Taconic Farms; Germantown,
NY) were weighed prior to injection and grouped six to a cage such that the mean and
standard deviations between the two sets of mice were not significantly different.
Veltuzumab, 1 nmole (150 ng), was administered either as a 200 pL i.p. or s.c. injection.
Serum samples were taken by retro-orbital bleeding at 0.5, 1, 4, 6, 24, 48, 120, 168 and 336 h

and stored frozen until analysis for veltuzumab.

h
h
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[0168] A capture ELISA was used to quantify the amount of veltuzumab in the serum
samples. A 96-well assay plate (Nunc Maxisorp Certified Flat-Bottom Immuno Modular
w/frame; NalgeNunc International Corp., Rochester, NY) was coated with a rat anti-
veltuzumab idiotype monoclonal antibody, WR2 (Immunomedics, Inc., Morris Plains, NJ).
A standard curve was constructed by making 8 serial dilutions of veltuzumab (100 to 1.56
ng/mL). The murine serum samples were appropriately diluted and, together with the
standards, pipetted into triplicate wells. Bound veltuzumab was detected with a peroxidase-
conjugated goat anti-human polyclonal antibody (Jackson ImmunoResearch Laboratories,
Inc., West Grove, PA), and the plates developed using an OPD solution (o-phenylenediamine
dihydrochloride, Sigma-Aldrich, St. Louis, MO). The plates were incubated in the dark until
the color developed in the standard curve wells (~20 min). At this time, 4N sulfuric acid was
added to the wells to stop the reaction, and the plates read on a plate reader at OD4gonm.
[0169] Using Prism software (GraphPad Software, Inc.), the concentration of veltuzumab
was calculated in the mouse serum samples based on the standard curve. To ensure accuracy,
each sample was run multiple times and the mean value from all these runs was used in the
PK-analysis. Plasma concentrations that were determined from the above assay were
converted to nmol/mL and analyzed using the WinNonLin PK software package (v5.1,
Pharsight Corp., Mountain View, CA). Non-compartmental analysis was performed on both
the 1.p. and s.c. data (representing the best-fit model).

[0170] While serum concentrations and clearance of veltuzumab were very similar between
those animals injected i.p. versus s.c. (FIG. 12), several of their respective PK-parameters
were significantly different (Tables 3 and 4). In terms of maximum serum concentrations
(Cmax) and the time to Cpax (Tmax), there were no significant differences between the injection
routes. This was also true for comparisons between clearance (Cl) and area under the curve
(AUC) values. However, notable differences were observed in the terminal half-life (Ty) and
mean residence time (MRT), with the i.p. route yielding significantly higher values for each

(P=0.0316 and P=0.0357, respectively).
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Table 3. Pharmacokinetics of hA20 with Intraperitoneal Injection

Individual Mouse Serum PK of hA20 IgG Administered as a Single Intraperitoneal
Injection.
Injected
Animal Dose Cmax Tmax | Tw AUC ), Cl MRTy_
No. (pmoles) | (pmole/mL) | (h) (h) || (h*pmole/mL) | (mL/h) (h)
1 1000 143.7 24 | 308.5 86,170 0.0116 540.8
2 1000 173.9 24 ] 2259 54,204 0.0184 379.2
3 1000 229.8 24 | 846.1 214,007 0.0047 1219.5
4 1000 246.5 24 | 562.8 149,725 0.0067 840.1
5 1000 76.5 24 2928 28,628 0.0349 439.6
6 1000 296.7 24 | 333.0 107,101 0.0093 500.8
Mean 195 428 106,639 Q0143 633
(Stdv) 19) (235) (67.288) (0:0112) (320)

[0171] The tumor-free Swiss-Webster mice used in our PK study weighed an average of 30
g. Whole blood volume in mice is estimated based on their weight and uses a range of 5.5 to
7% of body weight as mL of whole blood. If we use an average of 6.25%, our mice had
approximately 1.9 mL whole blood of which approximately 50% is serum or 0.95 mL. We
injected 150 pg into these mice i.p., so if all of it ended up in the blood we would have a
serum concentration of approximately 158 pg/mL. We found that after injecting 150 pg of
veltuzumab into these 30 g mice, we achieved a Cpax of 30 g/mL serum, or 5.3-fold less

than what could be maximally expected.



120 mg/m2 21 17 4 WO 2010/011697PCT/US2009/051321 [0224] Drug Administration - Of the 82
patients, 78 received 4 infusions, while 3 patients with early progression of disease withdrew after
completing @ ¥A¥AIMAD infusions, and one SLL patient with hives and cRUIE/ESHN80Fit8Bimab
withdrew after similar Grade 1-2 reactions at the first veltuzumab infusion. Doses were otherwise
administeygpiag PHRAIRSOIASRE OP HEZDWWS%B@Q&%B@&&T«!@&@M dose level, except for 3
patients given 1 or 2 of the 4 infusions at reduced doses due to allergic reactions, and one patient who
was inadvertently administered one infusion at the next higher dose level. Infusion times are
summarized in Table 6 for all doses given. Table 6. Median Infusion Times (hours).* Dose (mg/m2) N
Infusionl Infusion 2 Infusion 3 Infusion 4 80 14 1.8 (1.1-3.6) 1.4

Individual Mouse Serum PK of hA20 IgG Administered as a Single Subcutaneous
Injection.
Injected
Animal Dose Chax Tinax Ty, AUCo_» Cl MRTy_»
No. (pmoles) | (pmole/mL) | (h) (h) | (h*pmole/mL) | (mL/h) (h)
1 1000 227.2 24 || 166.1 45,734 0.0219 261.3
2 1000 256.1 24 | 173.4 55,139 0.0181 265.4
3 1000 172.7 24 || 244.9 66,351 0.0151 355.9
4 1000 204.1 24 189.7 58,214 0.0172 278.4
5 1000 195.5 24 | 162.5 41,018 0.0244 247.9
6 1000 162.6 24 | 185.0 43,580 0.0229 280.3
Mean 203 187 51673 00199 282
(Stdv) (35) (30) (9.844) {0.0037) (38)

[0172] Using the above observations, we injected 50 ng (0.05 pg) into ~20-g SCID mice for
our lowest therapy dose. Based on their weight, they should have approximately 1.14 mL
whole blood volume, of which 0.57 mL is serum. If all 50 ng resided in the blood, there
would be a serum concentration of 87.7 ng/mL. Given the same kinetics as observed in the
normal mouse PK studies, we estimate a Cp.x concentration of approximately 16.5 ng/mL
veltuzumab in the serum (87.7 ng/mL divided by 5.3). This does not take into account the
presence of Daudi cells that can be an antigen sink in these mice, and thus lower the serum

concentration.

Example 12. Tolerability and toxicokinetics in cynomologus monkeys.

[0173] An exploratory single- and repeated-dose study of intravenous and s.c.injections of
veltuzumab was conducted in cynomolgus monkeys (Macaca fascicularis) at SNBL USA,
Ltd. (Everett, WA). Sixteen male and 16 female monkeys weighing 2.5 to 6.6 kg (3-7 years
old) were given i.v. or s.c. doses of 0, 6.7, 33.5, and 67 mg/kg (which correspond to 80, 375,

and 800 mg/m* doses, respectively, in humans), either once or three times (2 weeks apart).
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The monkeys were examined regularly, with blood sampling taken for MAD titers and PK,
blood chemistry, coagulation, and hematology testing, as well as urinalysis, and then
postmortem evaluation of lymphoid tissue status in spleen, mandibular, and mesenteric
lymph nodes.

[0174] Veltuzumab administered i.v. or s.c. as single or multiple doses was well tolerated,
with no clinical or persistent laboratory test abnormalities noted other than B-cell depletion in
the circulation and lymphatic organs. Post-mortem changes in the animals receiving all doses
included follicular lymphoid depletion of the spleen, mandibular, and mesenteric lymph
nodes at all doses (data not shown). Transient decreases in white blood cells, neutrophils,
lymphocytes, and basophils were noted, but only a rapid and persistent reduction in the
number of peripheral blood B-cells was observed (not shown). These effects occurred within
2 days of dosing by either route and were present at doses of 6.7 mg/kg or higher. The
animals recovered at either 28 days when treated once, or at 56 days when given 3 doses.
Pharmacokinetic analyses (data not shown) indicated that the half-life was estimated at 5 to 8
days after i.v. injection or 6-13 days following s.c. administration, and the Tax for both
routes ranged from 2 to 5 days. Cpax following i.v. injection was linear and showed no
accumulation, and the AUCy.7 gays Was greater for i.v. administration than for the s.c. route
(not shown). This is likely related to the longer period required for the MADb to enter the
blood stream via the s.c. route with a similar rate of clearance. The dose-normalized AUC
values showed accumulation of veltuzumab after i.v.-infusion or s.c. administration at all
dose levels, but the mean volume of distribution was greater after s.c. administration than
after i.v. infusion at all dose levels (not shown). These results indicate that at the lowest
single dose of 6.7 mg/kg (equivalent to 80 mg/m?* in humans), rapid depletion of peripheral
and splenic B-cell depletion occurs for veltuzumab given either by i.v. and s.c. routes at this

low dose.

Example 13. In-vivo efficacy of veltuzumab in mouse models.

[0175] These studies were performed in C.B.17 homozygous severe combined immune
deficient (SCID) mice of approximately 20 grams (7-week-old when received from Taconic,
Germantown, NY). For the Daudi (Burkitt’s lymphoma) model, mice were inoculated i.v. on
Day 0 with 1.5x107 cells, weighed, and randomly assigned to six treatment and two control
groups (8 per group). On Day 1, mice in a treatment group received a single dose of

veltuzumab (5, 20, or 60 Lg) s.c. or i.p., and those in the control groups received either saline
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(200 pL) or 60 pg of a non-Daudi targeting isotype-matched anti-CEACAMS monoclonal
antibody, hMN-14 IgG (labetuzumab, Immunomedics, Inc., Morris Plains, NJ).
[0176] In addition to this study, a minimal effective dose experiment was performed in the
same Daudi model. Groups of 14 mice received a single dose of veltuzumab (0.5, 0.25, 0.1,
or 0.05 ug) 1.p with saline given to controls. In the WSU-FSCCL follicular cell lymphoma
model, each mouse in groups of 15 was inoculated with 2.5 x 10° cells i.v. and 5 days later
received a single dose of veltuzumab (0.035, 0.35, 3.5, or 35 pg) i.p. Animals were monitored
daily and sacrificed humanely when hind-limb paralysis developed, when they became
moribund, or if they lost more than 20% of initial body weight. Survival curves were
analyzed using Kaplan-Meier plots (log-rank analysis), using the Prism (v4.03) software
package (GraphPad Software, Inc.).

Intraperitoneal versus subcutaneous therapy of Burkitt lymphoma xenografts.
[0177] Mice bearing disseminated disease were treated with single i.p. or s.c. injections of
veltuzumab. All three doses of veltuzumab, regardless of whether administered i.p. or s.c.,
significantly increased survival of mice in comparison to the saline and labetuzumab control
groups (FIG. 8, P=0.0001). Comparisons between equal doses administered i.p. and s.c. did
not yield any significant differences (FIG. 8). While the control mice succumbed to disease
(hind-limb paralysis) on day 28, the mean survival times (MSTs) of the two 60-ug groups
were 101.9 +26.8 and 114.6 = 21.8 days for i.p. and s.c., respectively, with 4/8 and 6/8 mice
still alive when the study ended on Day-126. Similar results were obtained for the animals
given 20 ng, with the MSTs of 116.4 + 14.0 (i.p.) and 108.4 £ 26.2 (s.c.) days, and 5/8 mice
alive at the end of the study in both groups. Only at the lowest dose (5 pg) was a >50%
mortality rate observed (3/8 and 1/8 mice were still alive at the end of the study in each
1.p./s.c.group), but these mice still had a >3.2-fold increase in the MSTs (91.1 £30.9 and 91.6

+ 22.5 days for i.p. and s.c., respectively) compared to controls.

Minimum effective dose of veltuzumab in Daudi Burkitt lymphoma xenografts.
[0178] Since a single 5 pg dose of veltuzumab proved to be potent in the Daudi disseminated
Burkitt lymphoma model, even lower doses (0.5, 0.25, 0.1, and 0.05 ug) were then examined
in this same disease model. Remarkably, all four doses improved survival significantly
(P<0.0001) when compared to saline control mice (FIG. 9). For example, mice receiving a

single dose of 0.5 ug had a 3-fold improvement in the MST compared to controls (69.5 +
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the saline control (FIG. 10, control MST=28 days; P<0.0001). The MST of mice
administered the 35-lg dose (44.3 = 4.9 days) was not significantly different from that of the
3.5-ug group (39.5 £+ 4.6 days), but was significantly (P<0.021) longer than that of the 0.35-
and 0.035-pg (35 ng) groups (40.5 = 1.6 days and 33.3 = 2.1 days, respectively). However,

all mice, except for one in the 3.5-pg group, succumbed to disease progression by Day-61.

Example 14. Veltuzumab shows improved in vivo efficacy compared to rituximab in a
mouse model system.

[0180] SCID mice were inoculated with human Burkitt lymphoma (Raji) cells by tail vein
injection. At 35, 10, 15 and 20 days after inoculation, the mice received either rituximab or
veltuzumab (hA20) at 10 mg/kg/dose. The results of cumulative survival are shown in FIG.
13.

[0181] As seen in FIG. 13, SCID mice injected with Raji lymphoma cells and treated with
veltuzumab (hA20) showed a significant improvement (£ = 0.005) in cumulative survival
compared to mice treated with an identical dose of rituximab. In this study, time to limb
paralysis was used as a surrogate end-point for survival. FIG. 13 shows that at over 90 days
after inoculation, SCID mice with Raji lymphoma that had been treated with veltuzumab
exhibited about an 80% survival rate, while equivalent mice treated with rituximab exhibited
a survival rate close to zero. The lower part of FIG. 13 shows that the estimated median
cumulative survival was 22.1 days for control mice, 47.9 days for mice treated with rituximab
and not yet reached for mice treated with veltuzumab.

[0182] These results demonstrate that the replacement of Kabat 101 asparagine with aspartate
in the CDRH3 sequence produces a significant improvement in in vivo efficacy in a mouse

model system using human Burkitt lymphoma cells.
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Example 15. Treatment with low-dose veltuzumab.

Idiopathic Thrombocytopenic Purpura
[0183] A 39-year-old female with a 6-month history of ITP had received steroids as standard
of care without satisfactory improvement of platelet levels. She received 2 doses of 80
mg/m” veltuzumab administered intravenously 2 weeks apart. In spite of the low dose, her B-
cell levels were depleted following the first dose, and her serum antibody levels increased to
10 pg/mL after the first dose, reaching 19 ug/mL after the second dose, and then clearing
slowly but still measurable (1 pg/mlL) 8 weeks later. Most importantly, her platelet levels
rapidly increased from 24,000/mm’ at study entry to normal limits (>150,000/mm”) within 4
days after the first dose. This complete response is currently continuing and her platelets are
still >150,000/mm” at the last evaluation 18 weeks after treatment. Interestingly, the patient
also suffered from ulcerative colitis, and went off therapy for this condition during the trial
with veltuzumab. During veltuzumab therapy, all signs and symptoms of ulcerative colitis
abated over the current 18-week followup, which appears to be a collateral effect of this B-
cell therapy.

Marginal Zone Lymphoma
[0184] A 79-year-old female with marginal zone lymphoma was initially diagnosed 12 years
earlier and previously treated with CHOP and then CVP, but no rituximab. She presented
with stage-IV disease including 2 enlarged iliac lymph nodes and bone marrow involvement.
She received 4 once-weekly doses of 138 mg (80 mg/m?) veltuzumab administered
intravenously. B-cell levels were depleted following the first dose, and serum antibody levels
increased with successive doses, reaching 120 pg/ml after the last dose and then clearing
slowly with values still measurable (5 pg/ml) at last evaluation, 12 weeks later. Most
importantly, the patient had an excellent response to treatment, with regression of the iliac
lymph nodes to normal size on a CT scan and a negative bone marrow biopsy. The complete
response is currently continuing at the last evaluation, 15 months after treatment.

Follicular Lymphoma
[0185] A 42-year-old female with a 15-year history of follicular lymphoma had received
multiple prior treatment regimens, including intravenous veltuzumab to which she had
achieved a 9-month response. She received 80 mg veltuzumab injected subcutaneously every
two weeks for a total of 4 doses. In spite of the low dose administered by this route, B-cell

levels were depleted following the first dose. Serum antibody levels measured over several

62



100% (2/2) FLIPI:0-1 55.0% (11/20) 40.0% (8/20) >2 37.1% (13/35) 20.0% (7/35) Prior Rituximab: 0
57.1% (4/7) 42.9% (3/7) 1 45.2% (14/31) 22.6% (7/31) 2-5 35.3% (6/17) 29.4% (5/17) Elevated LDH:
Yes 23.1% W80 20199146872/13) PCT/US2009/051321

days following the initial dose showed levels increasing slowly to 10 ug/ml, which is
comparable to levels obtained with intravenous administration. At the 4-week followup after
the last treatment, examination of the patient revealed evidence of most enlarged lymph
nodes with disease regressing, and at 4 weeks later, the repeat examination, including
computed tomography scans, showed that the sum of all dimensions of involved lymph nodes
were reduced by more than 50% compared to the cumulative dimensions of these nodes at
baseline, indicating that the patient had at this point a partial response. Further evaluations
are pending for this recent patient, but the demonstration of good bioavailability and the
evidence of activity with B-cell depletion as well as >50% reduction of disease proves that
the s.c. route was effective.

Follicular Lymphoma
[0186] A 41-year-old male with stage-IV, grade-3, follicular lymphoma was initially
diagnosed 8 years earlier and had previously been treated with CHOP chemotherapy but no
rituximab. He received 4 once-weekly doses of 80 mg/m” veltuzumab administered
intravenously. B-cell levels were depleted following the first dose, and serum antibody levels
increased with successive doses, reaching 86 ug/mL after the last dose and then clearing
slowly with values still measurable (4 pg/mg) at last evaluation, 12 weeks later. Most
importantly, there was complete disappearance of all disease including a 3.6 cm scalp lesion
that had been present at study entry. The complete response continued until 9 months after
treatment, at which time a new lesion was seen by FDG-PET imaging. This patient also
shows that the low dose of veltuzumab was potent, inducing a complete response in this
patient, including ablation of circulating B-cells after only a single administration of 80

mg/m” of veltuzumab.

Example 16. Therapy of Follicular Large Cell Lymphoma

[0187] AF is a 63-year-old white male with Grade-3 follicular large-cell non-Hodgkiin’s
lymphoma, proven to be CD20+ by lymph node biopsy in January of 2004. His stage at
diagnosis was stage 3, but presents now in stage 2. His prior therapy in 1992 included
doxorubicin, vincristine, high-dose cyclophosphamide, which resulted in a remission of 24
months. In 1996, he received a regimen of ICE (ifosfamide, carboplatin and etoposide), and
also stem-cell therapy, followed by consolidation radiation to a retroperitoneal mass. He
responded for 88 months. He recently presented with no B-symptoms, no significant CBC,

serum chemistry or serum immunoglobulin abnormalities, 687 CD3-T cells/uL, 32 CD19-B-
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cells/uL and enlarged supraclavicular node of 10 x 8 cm, left and right axillary masses of 2.0
and 2.8 cm diameters, and a lateral neck mass of 2-3 cm. The patient was given four s.c.
injections of 80 mg veltuzumab, two weeks apart. There were no significant adverse
reactions or safety issues, only minor transient erythematous reactions and tenderness at the
injection sites. At four days after the first injection, CD19+ B-cells in the blood were
measured as 0, so were completely ablated. The patient’s large neck mass shrank, as
measured by palpation, by 50% 4 days after the first injection, and he indicated that he was
feeling better. CT scans are pending in another 4 weeks. The patient apparently had a rapid
depletion of circulating B-cells and a significant regression of his neck mass after a single s.c.
injection of 80 mg veltuzumab.

[0188] This surprising result shows that a single 80 mg s.c. injection of the CDRH3 (Kabat
101) substituted anti-CD20 humanized antibody veltuzumab is capable of ablating peripheral
B-cells and significantly shrinking an apparent B-cell tumor mass. This is the first report of
such a low dose s.c. injection of veltuzumab producing such a profound effect on circulating

and sessile B-cells, as well as a NHL masses.

Example 17. Evans Syndrome

[0189] MT is a 3-year old Asian female followed since age 11 months for multiple
hematological autoantibodies and pancytopenia. At age 11 months she presented with
diarrhea, red spots on her legs, blood in stools, diffuse petechiae and purpura on head, neck,
trunk, and extremities, cervical adeonopathy, including several 1-cm axillary nodes, slightly
enlarged spleen, increased fatigue, decreased appetite, bruising, and blasts on peripheral
blood smear, increased sed rate (116 mm/h), D-dimer elevated, and bone marrow aspirate
showing a hypercellular marrow (>90% cellularity), erythroid, myeloid and megakaryocyte
precursors being abundant (maturation arrest myelocyte/metamyelocyte level but mature
neutrophils seen). Red cell precursors also showed some maturation arrest, but no
cytogenetic abnormalities. Lab studies also indicated elevations in immunoglobulins IgA,
IgG, and IgM, and an increase in circulating CD19+ B-cells (48%). There was also evidence
of a strong positive neutrophil antibody and a strong positive platelet antibody, with 1Ib/I1la
specificity. The patient was first given steroids, but had a poor or no initial response.
Therefore, she was given two courses of rituximab. In the first course, she received 4 weekly
doses and the platelet count stabilized, but she continued to be anemic and neutropenic. Her

CD20 and CD19 lymphocytes decreased, but after only 5-6 weeks, these increased
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continuing 15-24 months after treatment. )
responsive to steroids or intravenous immunoglobulin.
[0191] Since the next option is splenectomy or a course of cytotoxic chemotherapy, she is
given an experimental regimen of veltuzumab, consisting of 10 mg subcutaneously, repeated
at a dose of 10 mg veltuzumab given subcutaneously 2 weeks later. Prior to the second dose,
depletion of circulating CD19-positive B-cells is found, and improvement in her red blood
cell and platelet counts is observed. Two weeks after the second s.c. injection of veltuzumab,
the patient’s general condition shows improvement, her red blood cell, neutrophil, and
platelet antibodies are barely measureable, and all hematological abnormalities show
significant improvement, with platelet, neutrophil, and RBC counts being at the lower end of
the normal ranges. At 2 months post therapy, the patient continues to be in remission. No
evidence of any anaphylaxis is noted at anytime during the veltuzumab therapy, indicating

that there is no immune crossreactivity ro rituximab, and that very low subcutaneous doses of

veltuzumab are therapeutic in this patient with Evans syndrome.

Example 18. Chronic Lymphocytic Leukemia

[0192] RT is a 47-year-old female with a 3-year history of chronic lymphocytic leukemia,
now relapsed after a course of alemtuzumab (CAMPATH®), but prior history shows that she
had responses of various durations to chlorambucil and other cytotoxic drugs. She presents
now with evidence of CLL in her bone marrow and also an elevated peripheral lymphocyte
count with prominent blasts of 58,000/cmm. She is given subcutaneous injections of 40 mg
veltuzumab twice weekly for 6 weeks, and after the second injection, the peripheral

lymphocyte count drops by 55%. Two weeks after the fourth s.c. injection, her peripheral



[0228] Adverse Events - Seventy-eight patients had one or more adverse events during the study. Of
48 patients with events considered at least possibly treatment-related, only one patient had a Grade 3

event, hypodbititdiiadvhich developed during long-term remission > 1 y&@4TAREHETHENht.
Otherwise, all events considered at least possibly treatment-related were mild-moderate (Grades 1-2),

most of ViRl WRIRIRILSIABHIBREHONS (Ral GeeHFRtkPredominaniy s iist IBlIRIGRaR < 11 patients
having such events at each of the subsequent infusions. Table 8 summaries the most frequent events.
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period (trauma, cellulitis, sepsis), within the 12-week post-treatment evaluation period (decreased
performance status, back pain, incidental finding of A-V malformation) or during long-term follow-up
(bladder Eﬁﬁﬂ’rﬂﬂ%%W%%MW&?Q%&%‘H@F&%%P*&E 8. Adverse Events Occurring in >
5% of Patients. Patients with Events (Grade ? 3) Patients with Events Considered at Least Possibly
Treatme AP RAbR 1ot 84ey S5 Pkbiglie 9404 (981 S To0ky Prantie t st piess) Fever 13%
(0%) 9% s@%)cﬂ@ﬁ@?%@ ﬁr@%tﬁ%@xﬂ%’ ﬁ@%ﬂ@ﬁﬁﬁ'ﬂ@l@@/emm at baseline. He is given 2 doses of

40 mg veltuzumab subcutaneously, 2 weeks apart. Prior to the second injection,
measurement of his blood CD19+ lymphocytes shows >90% reduction. Two weeks after the
second injection of veltuzumab, his platelet count shows a doubling, which increases to
70,000 by the 5 " week post therapy, which is maintained until week 11, when the platelet
count again falls to counts of <5,000/cmm. The patient is then retreated twice with 30 mg
veltuzumab s.c., again 2 weeks apart. Four days after the second injection the platelet count
rises to 28,000/cmm, and then to 42,000/cmm by week 3 post therapy. At 6 weeks post
therapy, the platelet count is significantly improved to 67,000/cmm, and the patient is
considered to have a good partial response, with no evidence of bleeding or petechiae during

veltuzumab therapy, and returns to full-time activity and work.

Example 20. Rheumatoid arthritis

[0194] FH is a 37-year-old female who gradually develops painful joints, particularly her
wrists, over 3 months, with pain and early morning stiffness of about 40 min. On
examination, both her wrists and the metacarpophalangeal joints of both her hands are
swollen and tender, but are not deformed; there are no nodules or vasulitic lesions. She has
an elevated C-reactive protein (CRP) level of 30 mg/l but otherwise normal laboratory
findings, but with a positive rheumatoid factor and antinuclear antibodies. She clearly is at
the beginning of RA and is first treated with ibuprofen. However, despite some initial
symptomatic improvement, the pain, stiffness and swelling of the hands persist, and 2 months
later, her knees are similarly affected. Six months after the initial presentation, she develops
3 subcutaneous nodules on the left elbow, small, painless and immobile, but not tender. X-
rays of the hands show bony erosions in the metacarpal heads, again an elevated CRP (53
mg/l). She is now given 120 mg veltuzumab subcutaneously for 3 weekly injections. Her
first evidence of improvement occurs after the second injection, when she notices that her

morning joint pain and stiffness is reduced to about 15 minutes, and within 2 weeks after the
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third injection, she experiences improved mobility, her joints appear to have reduced
swelling, and her CRP levels falls to 15 mg/l, slightly above the normal range. Her
symptoms and signs of RA are markedly improved for the next 8 weeks of followup. No
methotrexate or steroid therapy is required during the veltuzumab treatment or for the 2

months thereafter.

Example 21. Sjégren’s syndrome with arthritis

[0195] K.S. is a 41-year-old woman who is referred to an oral surgeon for evaluation of a dry
mouth. Except for an elevated sedimentation rate (ESR, 60 mm/h), she has no remarkable
laboratory abnormalities. She develops a mild conjunctivitis and sore eyes 2 months later.
Her rheumatoid factor becomes positive, her total serum proteins are raised (100g/1), as also
is her IgG level (30 g/1). The Schirmer test is markedly abnormal (only 3 mm of the filter
strip in the right eye and 1 mm of that in the left eye became wet). She is treated with
methylcellulose eye drops to prevent corneal ulceration, and over the next year shows a
steady elevation of rheumatoid factor titer and anti-nuclear antibodies, and also develops
evidence of polyarthritic changes in her hands and wrists. She is considered to have a mild
Sjogren’s syndrome and receives non-steroidal anti-inflammatory drugs (NSAIDs) for the
arthritis, but these have no effect on the sicca complex. She is then given a course of
veltuzumab, starting with an intravenous infusion of 15 mg, followed after a week by three
more subcutaneous injections of 40 mg veltuzumab weekly. Two weeks after the completion
of this therapy course, her polyarthritic symptoms and signs show considerable improvement,
but the most dramatic effect is the improvement of her salivation, confirmed by an improved
Schirmer test. The patient now has only minimal dry mouth and no conjunctivitis or sore

eyes, and this remission is maintained for 4 months.

Example 22. Desensitization During Renal Transplantation

[0196] SW is a 56-year-old, 55 kg, woman with 5 previous living births and with end-stage
renal disease and is waiting for a transplant to replace her left kidney. .She is highly HLA
sensitized, showing high titers of anti-HLA antibodies. She is undergoing regular
hemodialysis. In order to undergo renal transplantation, she requires desensitization to the
anti-HLA antibodies, and therefore is administered one intravenous dose of 120 g of human
polyclonal immune globulin (10% formulation), followed 4 days later by an s.c. injection of

40 mg veltuzumab. The veltuzumab s.c. injection is repeated on day 8, day 12, and again on
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day 21. After the first injection, the blood CD19+ B-cells totally disappear, and 8 weeks after
the 4" s.c. injection of veltuzumab, they remain depleted.

[0197] Prior to receiving the intravenous immune globulin, she is given 40 mg intravenous
methylprednisolone, 650 mg oral acetaminophen, and 50 mg diphenhydramine. No
premedication is given prior to the subsequent veltuzumab injections. Following this course
of pre-transplant therapy, the panel-reactive antibody level is reduced significantly, and T-
cell flow-cytometric cross-matching shows a 50% drop prior to transplantation. Three
months later, the patient receives a kidney transplant from a deceased donor, and a typical
induction therapy immediately thereafter (30 mg alemtuzumab s.c.) and then
immunosuppressive therapy consisting of prednisone, mycophenolate mofetil, and
tacrolimus, tapered over the next year, as well as prophylactic antibiotics, are given. She has
no rejection episode as monitored for the year post transplantation, and her renal functions
normalize. This appears to be a successful case of desensitizing a patient in need of a renal

transplant quite effectively, resulting in a successful transplant.

Example 23. Structure-function relationships and therapeutic characteristics in anti-
CD20 antibodies

[0198] Approaches to improve on rituximab, the first chimeric anti-CD20 MADb introduced
into lymphoma and autoimmune disease therapy, include reducing the murine component by
CDR-grafting (humanization) and making fully human MAbs from transgenic mice, targeting
a different CD20 epitope, and enhancing CDC or ADCC activity by altering Fc structures
(Forero et al., Proc 99" Ann Meeting of the Am Assoc Cancer Res, 2008, abstract LB-70;
Glennie et al., Mol Immunol. 2007, 44:3823-37). However, it is not yet known which of
these modifications will result in a more potent anti-CD20 MADb, as measured either by B-cell
depletion, control of autoimmunity, or lymphoma responses in patients, especially when they
are refractive or resistant to rituximab.

[0199] At present, rituximab induces objective responses, mostly partial responses, in about
half of patients with follicular lymphoma (Castillo et al., Exp Hematol. 2008, 36:755-768),
yet both the optimal therapeutic dose and schedule still remain undefined. Despite the use of
rituximab in virtually all NHL patients for the past decade, its mechanisms of action, as well
as those of other anti-CD20 MADbs, either in model systems or patients, remain debated

among numerous studies demonstrating cell killing mediated by CDC, ADCC, and direct
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signaling with apoptotic effects. (Glennie et al., Mol Immunol. 2007, 44:3823-37; Maloney,
Hematology Am Soc Hematol Educ Program.2007:226-232; Martin et al., Semin Hematol.
2008;45:126-132.)

[0200] Because of our observations that rituximab combined with epratuzumab showed
evidence of improved responses in NHL patients, with no increased side-effects over those
resulting from monotherapy with rituximab (Goldenberg, Expert Rev Anticancer Ther. 2000,
6:1341-1353; Leonard et al., J Clin Oncol. 2005, 23:5044-5051; Strauss et al., J Clin Oncol.
2006, 24:3880-3886) our original purpose was to construct a humanized anti-CD20 MAD that
could be combined with epratuzumab, but would be more tolerable for rapid infusions due to
having the FRs of epratuzumab. The first characterization study of veltuzumab reported
similarities to rituximab in terms of epitope binding, affinity, ADCC, CDC, and cell growth
inhibition in vitro (Stein et al., Clin Cancer Res. 2004, 10:2868-78). After treating patients
with indolent NHL, the anticipated improved tolerability and infusion profile was confirmed,
but also a high rate of complete responses (CR/CRu) was found. The Phase I/II trial in 82
indolent NHL patients demonstrated complete response rates for all doses tested (27% for all
follicular lymphoma patients for doses between 80 and 750 mg/m® once-weekly x 4 weeks)
(Morschhauser et al., Proc Am Soc Clin Oncol, J Clin Oncol. 2007, 25(185):449s, Abstract
8032; Goldenberg et al., Proc Amer Soc Clin Oncol, J. Clin. Oncol. 2008, 26(15S):142s,
Abstract. 3043; Morschhauser et al., J Clin Oncol, 2009 Jul 10;27(20):3346-53. Epub 2009
May 18) exceed those reported for repeated use of rituximab at its conventional dose in
comparable patients (Davis et al., J Clin Oncol. 2000, 18:3135-3143). These findings
prompted us to re-evaluate the functional properties of veltuzumab in comparison to
rituximab.

[0201] Studies in cynomolgus monkeys (Example 12) have confirmed the effects of various
i.v. and s.c. doses, and we found that a single dose as low as the equivalent of 80 mg/m” in
humans, given by either route, is sufficiently potent to induce peripheral blood and lymphatic
organ B-cell depletion. In addition, enhanced survival and even cures were demonstrated in
mice bearing CD20+ lymphoma xenografts after a single, i.p. or s.c. dose as low as 0.05 pg.
In these mouse studies, a dose-response was observed, but no significant difference between
the 1.v. or s.c. routes was noted.

[0202] Although different anti-CD20 MAbs have shown some variations in functional
properties and epitope specificities, mediating different CDC and cell-killing effects (Nishida
et al., Int J Oncol. 2007, 31:29-40), virtually all recognize the large, extracellular loop and
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partially or completely crossblock each other (Polyak et al., J Immunol. 1998, 161:3242-3248;
Polyak and Deans, 2002, 99:3256-3262; Perosa et al., Blood 2006, 107:1070-1077) except
ofatumumab, which is reported to bind to a novel epitope of CD20 (Teeling et al., J Immunol.
2006, 177:362-371). Veltuzumab crossblocks binding by rituximab (Stein et al., Clin Cancer
Res. 2004, 10:2868-78), suggesting either the same epitope is recognized by both MAbs or
binding to an adjacent epitope could result in steric hindrance.

[0203] In the Examples above, the binding and dissociation parameters of veltuzumab and
rituximab were compared both by Scatchard analyses (Example 3) and off-rate measurements
(Example 5). The Scatchard analyses confirmed that veltuzumab and rituximab have similar
affinity for cell-surface CD20 and number of binding sites per cell (Example 3).
Surprisingly, statistically significant differences between veltuzumab or cA20 vs. rituximab
or DIOIN were found in a slower off-rate (i.e., longer cell-surface retention) in all 3 human
lymphoma cell lines tested (Example 5), and a higher CDC-mediated cell killing in Daudi
lymphoma cells by veltuzumab (Example 8), compared to rituximab or DIOIN. Whether
measured in the presence or absence of a competitive binder, veltuzumab and cA20, both
containing Aspjo; instead of Asnjo; in CDR3-Vy, yielded significantly (P<0.0001) slower off
rates (~2.5-fold) than rituximab or D101IN (Example 5).

[0204] The demonstration of CDC activity for veltuzumab in Daudi being significantly more
than rituximab or DI10IN is also intriguing, since the Fc portion of veltuzumab is derived
from that of epratuzumab, which fails to show CDC functions (Carnahan et al., Mol
Immunol. 2007, 44:1331-41). This suggests that rapid internalization of epratuzumab may
prevent it from residing on the cell surface long enough to form the membrane attack
complexes. The results above also suggest that the off-rate difference between veltuzumab
and rituximab is not related to the enhanced CDC observed in Daudi cells, as first postulated
for ofatumumab (Teeling et al., Blood 2004, 104:1793-1800), since this difference was not
observed for CDC in two other cell lines that also showed a significantly slower off-rate with
veltuzumab compared to rituximab (Examples 5 and 8). Since these results with veltuzumab
involve evidently a different targeted epitope of CD20 than ofatumumab, it does not appear
that such off-rate changes are due to the position of the epitope, as postulated by Teeling et
al. (2004). Nevertheless, it appears that such off-rate changes, as suggested by Teeling et al.
(2004) for ofatumumab and reported herein for veltuzumab, may explain why a given anti-

CD20 antibody functions at lower concentrations than other MAbs (e.g., rituximab), such as
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three in FR1-Vk) are unlikely to be responsible for the differential oft-rates. Du et al. (Mol
Immunol. 2008, 45:2861-2868) reported a weaker interaction of the CDRs of another anti-
CD20 MAD, c2H7, compared to rituximab, suggesting that the amino acid residues of 2H7 at
the equivalent positions in CDRH3 have more bulky side chains, resulting in a wider pocket
to accomodate CD20 peptide. The fact that cA20 and veltuzumab have virtually the same
affinity and off-rate, whereas cA20 has more similar FRs to rituximab than to veltuzumab,
emphasizes the more critical role of CDRs than the FRs in interacting with CD20. Thus, the
significant difference observed in the off-rate between veltuzumab/cA20 and
rituximab/D101N is apparently due to the single amino acid difference in CDRH3, and not to
the more extensive differences in the FRs between veltuzumab and rituximab. Accordingly,
we believe this is the first single amino-acid change in a CDR that is shown to cause a
functional effect, resulting in a more potent antibody.

[0206] The in-vitro off-rate and CDC differences described herein are comparable to the
findings with another anti-CD20 MAb, ofatumumab, which was reported to bind to a
different epitope than rituximab (Teeling et al., J Immunol. 2006, 177:362-371) and claimed
to be therapeutically more active than rituximab in vitro (Teeling et al., Blood 2004,
104:1793-1800). However, this is not consistent with the relatively high doses of
ofatumumab chosen for clinical studies, also requiring long infusion times like rituximab
(Coiffier et al., Blood 2008, 111:1094-1100; Hagenbeek et al., Blood 2008, 111:548609), or
the lowest dose of 0.5 mg/kg (10 pg/mouse) shown to elicit growth inhibition in lymphoma
xenografts (Bleeker et al., Brit. J. Haematol. 2007, 140:303-312).

[0207] Still another recently developed human anti-CD20 MAb, G101, which has properties
of a Type-1II anti-CD20 MADb (Umana et al., Ann Oncol. 2008, 19 (Suppl 7), abstract 98), has
been shown to be more potent in vitro and in animal models than rituximab, when mice were
given repeated doses of 10-30 mg/kg (Id.) This translates to each dose of repeated
applications being between 200 and 600 pg in a 20-g mouse, which are at least 4,000- to
12,000-fold higher than the single doses of 0.05 to 0.35 ng of veltuzumab showing high anti-
growth activity in the lymphoma xenografts tested (Examples 11 and 13). Depletion of
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murine NK cells and neutrophils prevented these effects of veltuzumab (Example 10),
emphasizing the role of ADCC in vivo, as shown previously for rituximab (Hernandez-
Ilizaliturri et al., Clin Cancer Res. 2003;9:5866-73).

[0208] These in-vitro, mouse, monkey, and other human studies indicate (i) that veltuzumab
is active at a fraction of the conventional clinical dose of rituximab or of the minimal
therapeutic doses of two other second-generation anti-CD20 MAbs in preclinical models, (ii)
that the two distinguishing differences in activity vs. rituximab involve CDC and off-rate
functions, and (iii) that the lower off-rate appears to be related to a single amino acid

mutation at the Kabat-101 residue in the CDRH3.

Example 24. Low-dose veltuzumab in recurrent Non-Hodgkin’s lymphoma (NHL)

Summary

[0209] A total of 82 patients (34 male, 48 female; age 33-85) received 4 once-weekly doses

of 80-750 mg/m2 veltuzumab, with study evaluations continued for 12 weeks and then until
disease progression. They had follicular (FL, N=55) or other (N=27) B-cell NHL, were
predominantly stage III/IV (79%) at study entry, and had received 1-7 prior treatment
regimens (median, 1.5), most (89%) including at least one rituximab-containing regimen.
[0210] Veltuzumab was generally well-tolerated, with drug-related adverse events being
transient (Grade 1-2), and with shorter infusion times (typically 2 h initially and 1 h
subsequently) at lower doses. In follicular lymphoma, 24/55 patients had objective responses
(OR, 44%), with 15 (27%) complete responses (CR/CRu) occurring even after 2-5 prior
rituximab-regimens, with less favorable prognosis (elevated LDH, tumors >5 cm, FLIPI >2),
and at all dose levels. In other B-cell NHL, 5/6 patients with marginal zone lymphoma had
ORs (83%), including 2 CR/CRu’s (33%), one at 80 mg/mz, while 3/7 patients with diffuse
large B-cell lymphoma had partial responses (43%), including one at 80 mg/m”. Even at 80
mg/m?, B-cells were depleted after Ist infusion, and mean antibody serum levels exceeded
values (25 pg/mL) considered important for anti-CD20 therapy (with apparent higher levels
in responders at this dose), with post-treatment serum clearance similar to or slower than

rituximab.
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Background
[0211] The chimeric anti-CD20 monoclonal antibody (MAD), rituximab (Rituxan®;
Genentech, South San Francisco, CA; Biogen Idec Pharmaceuticals, San Diego, CA), was
approved more than a decade ago for the treatment of relapsed or refractory low-grade or
follicular CD20 positive, B-cell lymphoma. In the pivotal trial in this population, a 375-
mg/m* dose administered once weekly for 4 consecutive weeks resulted in a 48% overall
response rate (6% complete responses). (McLaughlin et al., J Clin Oncol 16:2825-2833,
1998.) Expanding on this initial success, rituximab has been broadly adopted for use in B-
cell malignancies (Traullé & Coiffier, Future Oncol 1:297-306, 2005; Marcus & Hagenbeek,
Eur J Haematol Supp! 67:5-14, 2007; Cheung et al., Cancer Treat Rev 33:161-176, 2007),
primarily in combination with chemotherapy (e.g., Czuczman et al., J Clin Oncol 22:4711-
4716, 2004; Coiffier et al., N Engl J Med 346:235-242, 2002), as well as in autoimmune
disorders (Chambers & Isenberg, Lupus 14:210-214, 2005; Silverman, Front Biosci 12:2194-
22006, 2007; Cohen et al., Arthritis Rheum 54:2793-2806, 2006; Hauser et al., N Engl J Med
358:676-688, 2008). Second-generation anti-CD20 antibodies have been constructed in order
to increase efficacy, decrease toxicity (primarily infusion reactions) or immunogenicity, and
allow more rapid administrations (Dérner & Burmester, Curr Opin Rheumatol 20:263-268,
2008; Martin et al., Semin Hematol 45:126-132, 2008; Genovese et al., Arthritis &
Rheumatism 54:566, 2006; Morschhauser ef al., Blood 110:199a, 2007; Hagenbeek e al.,
Blood 111:5486-5495, 2008; Coiffier et al., Blood 111:1094-1100, 2008).
[0212] Veltuzumab (hA20) is a CDR (complementarity-determining region)-grafted,
humanized, anti-CD20 IgG-kappa MAb that was constructed with light chain CDRs and
heavy chain CDR1 and CDR2 identical to rituximab, but a different CDR3-variable-region-
heavy-chain construct, and with the remaining framework regions taken from epratuzumab, a
humanized anti-CD22 MAD (Goldenberg et al., Proc Am Soc Clin Oncol 22:595, 2003;
Goldenberg et al., Proc Am Soc Clin Oncol 26:142s, 2008; Example 1). These changes
resulted in important differences compared to rituximab, such as significantly slower off-rates
in all 3 human lymphoma cell lines tested (Example 5) and a significantly increased
complement-dependent cytotoxicity in one of these cell lines (Example 8), while no
significant differences in direct proliferation inhibition, apoptosis, or antibody-mediated
cytotoxicity were observed in vitro (Examples 6 and 9; Goldenberg et al., Proc Am Soc Clin

Oncol 22:595, 2003; Stein et al., Clin Cancer Res 10:2868-2878, 2004; Goldenberg et al.,

73



5000 WO 2010/011697PCT/1JS2009/051321 Alkaline phosphatase 6 0 0 0 SGPT(ALT)4 000

SGOT (AST) 4 1
WO 2010/011697 PCT/US2009/051321

Proc Am Soc Clin Oncol 26:142s, 2008). In addition, studies in normal cynomolgus
monkeys (Example 12) and in mice bearing human lymphoma xenografts (Example 13)
found that very low doses of veltuzumab not only given intravenously, but also
subcutaneously, were very effective in depleting B-cells and controlling tumor growth,
respectively, even curing a significant number of mice (Examples 13 and 14; Goldenberg et
al., Proc Am Soc Clin Oncol 26:142s, 2008).

[0213] The first clinical test of veltuzumab was in a young patient with systemic lupus
erythematosus (SLE) with life threatening cytopenias who had become refractory to standard
salvage medications and no longer responded to rituximab (Tahir et al., Rheumatology
44:561-562, 2005). Veltuzumab was able to deplete peripheral B-cell levels even in the face
of extremely high serum levels of anti-rituximab antibodies (HACA 43,000 ng/mL; normal
<5 ng/mL), and the patient responded rapidly.

[0214] Since most experience with rituximab is in non-Hodgkin’s lymphoma (NHL), the
present Example was performed to characterize the basic safety, tolerability,
pharmacokinetics, pharmacodynamics, immunogenicity and preliminary efficacy of
veltuzumab in this population, particularly follicular or low-grade lymphoma (Morschhauser
et al., Blood 106:683a, 2005; Morschhauser et al., Blood 108:769a, 2006; Morschhauser et
al., Proc Am Soc Clin Oncol 25, 449, 2007). Complete trial results, including follow-up with
the last patients entered now at least 6 months beyond treatment, and with several of the

earliest patients continuing in remission now for more than 3 years, are provided below.

Methods

[0215] An open-label, single-arm, multicenter phase I/II study of veltuzumab administered
by intravenous infusion to patients with refractory or recurrent NHL was conducted to
evaluate the safety and effectiveness of veltuzumab in patients with refractory or recurrent
NHL. The study end-points were safety, efficacy (objective and complete response rates,
duration of response, time to progression), pharmacokinetics, pharmacodynamics, and

immunogenicity.

[0216] All patients received once-weekly doses for 4 consecutive weeks. The initial portion
of the study enrolled cohorts treated at increasing dose levels from 120 mg/m* up to 750
mg/m?, i.e., up to twice the dose usually given with rituximab. In the second portion of the

study, additional patients received veltuzumab at 375 mg/m? and below (Morschhauser et al.,
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WHO criteria must have failed at least one prior standard chemotherapy regimen or rituximab

treatment for NHL and have measurable disease with at least one lesion >1.5 cm by CT, but
no mass >10 cm. Patients must be at least 12 months beyond any rituximab, without
progression during or within 6 months of rituximab treatment, NCI CTC Grade 3 or 4 toxicity
to rituximab, or known HACA positivity. Eligibility also required hemoglobin = 10 g/dL,
ANC > 1.5 x 10”/L, platelets > 100 x 10°/L (all without transfusional support), creatinine and
bilirubin < 1.5 x institutional upper limit of normal (IULN), AST and ALT < 2.5 x IULN, 0-1
ECOG or KPS =70 performance status, life expectancy = 6 months, 12 weeks beyond any
autologous stem cell transplant, and 4 weeks any beyond chemotherapy, other experimental
treatments, or any radiation therapy to the index lesion(s). Patients with primary CNS
lymphoma, HIV lymphoma, transformed lymphoma, symptomatic CNS metastases or
carcinomatous meningitis, pleural effusion with positive cytology for lymphoma, prior
radioimmunotherapy, or prior therapy with other human or humanized monoclonal antibodies
(unless HAHA tested negative) were ineligible. Other exclusion criteria were known HIV,
hepatitis B or C positivity, known autoimmune disease or presence of autoimmune
phenomena, infection or antibiotic use within 5 days, corticosteroids within 2 weeks, other
cancer within 5 years (except non-melanoma skin cancer or cervical carcinoma in sifu), and
other conditions likely to interfere with study interpretation or procedures. Women of
childbearing potential must have a negative pregnancy test, and patients of childbearing

potential must practice birth control for at least 12 weeks after treatment.

[0218] Treatment - Veltuzumab was given on a weekly basis for 4 consecutive weeks.  All
patients were premedicated each week with an anti-histamine and an anti-pyretic, but no

steroids were given routinely. During dose escalation, cohorts of 3-6 patients received
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veltuzumab at increasing dose levels of 120, 200, 375, and 750 mg/mz, while subsequent
patients received veltuzumab at 80, 120, 200 or 375 mg/m*. For patients remaining stable in
the absence of infusion reactions, guidelines for veltuzumab infusions allowed the infusion
rate to be advanced every 15-30 minutes in increments of 50 mg/h for the 1* infusion and
100-200 mg/h for subsequent infusions. Otherwise, recommended actions included slowing
the infusion rate for mild toxicity; interrupting the infusion for moderate toxicity for at least
15 minutes or until symptoms resolve and then resuming at the slowed infusion rate, if the

patient was stable; and permanently discontinuing the infusion for more serious toxicity.

[0219] Data collection - CT scans (neck, chest, abdomen, pelvis, other sites of known

disease) and physical examinations were obtained at baseline and 4 weeks after last infusion.
Patients without disease progression continued CT scans and physical examination at 12
weeks and then every 3 months until the occurrence of disease progression. Bone marrow
biopsy was required at baseline and in those patients with bone marrow infiltration only if
needed to confirm a complete response. During infusions, patients were monitored for
adverse reactions, with vital signs obtained every 15 min until completion, and then 30 and
60 min later. They continued to be monitored for adverse events at evaluations 4 and 12
weeks after the last infusion and then every 3 months until resolution of any treatment-related
abnormalities or other changes warranting additional follow-up. Blood samples for routine
safety laboratories (serum chemistry, hematology) and physical examinations were obtained
prior to each infusion, 4 and 12 weeks after last infusion, and then every 3 months at follow-

up evaluations until progression of disease.

[0220] Blood samples for B-cell counts (CD19+) were obtained prior to each infusion, at 1,
4, 8 and 12 weeks after last infusion, and during follow-up every 3 months until decreased
levels returned towards baseline. Urinalysis, blood samples for T-cell levels (CD3+) and
serum immunoglobulins were determined at baseline, prior to last infusion, 4 and 12 weeks
after last infusion, and then during follow-up every 3 months until resolution of any
treatment-related abnormalities. Blood samples for veltuzumab serum levels were obtained
prior to and 30 minutes after each infusion, at 24, 48, 72 and 96 hours after the first and last
infusions, and then at 1, 2, 3, 4, 8 and 12 weeks after last infusion. Blood samples for
immunogenicity (HAHA; human anti-veltuzumab antibodies) were obtained at baseline, 4

and 12 weeks after last infusion, and then during follow-up if positive at 12 weeks.
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[0221] Study Evaluations - Treatment responses were determined using international

workshop criteria (Cheson et al., J Clin Oncol. 1999, 17:1244-1253), with each patient’s best

response classified as either complete response (CR), complete response unconfirmed (CRu),
partial response (PR), stable disease, or progressive disease. Adverse events (AEs) were
classified according to MedDRA system organ class and preferred term. Toxicity grading of
AEs and laboratories utilized National Cancer Institute (NCI) Common Toxicity Criteria
(CTC), version 3.0. Dose-limiting toxicity (DLT) was defined as any treatment-related
Grade 3 or 4 toxicity or the following Grade 2 events: autoimmune reaction, asymptomatic
bronchospasm, or generalized urticaria. All laboratory values were determined locally,
except for veltuzumab serum levels and HAHA determinations, which were performed by the
sponsor using an ELISA test. Pharmacokinetics following last infusion was evaluated with a

single compartment model using WinNonLin 2.1 (Pharsight Corporation, Mountain View,

CA).

[0222] Statistical Analysis - Descriptive statistics were used to summarize demographics,

safety and laboratory data, and treatment response rates, including exact 95% confidence
intervals where indicated. Progression-free survival (PFS), defined as the duration from the
first day of study drug administration to the day of disease progression (based on physical or
radiological (CT) evidence), death, or last contact, whichever occurred earliest, was
summarized using descriptive statistics as well as statistics based on the Kaplan-Meier
product-limit method. Patients were considered as censored if they never experienced
disease progression or death. Duration of response, defined as the duration from the first day
of onset of an objective response (OR), ie, CR, CRu, or PR, to the day of disease progression,

death, or last contact, whichever occurred earliest, was summarized using similar methods.
Results

[0223] Patient Characteristics - A total of 82 patients (34 men, 48 women, median age 64 years)

were enrolled. They were a median of 5 years from initial diagnosis and 1.8 years from last
treatment. Most patients were in good performance status (83% ECOG 0) at study entry, but
with widespread disease (79% Stage III/IV), and with 17 patients (21%) having elevated LDH,
and 30 (40%) having at least one tumor mass > 5 cm. All patients received at least one prior
treatment regimen (range, 1-7), and most patients (89%) had received at least one prior

rituximab-containing regimen. Based on WHO classification (Harris & Ferry, 2001), 55 patients
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had follicular lymphoma (FCL), while 27 patients had non-follicular lymphomas: diffuse large
B-cell lymphoma (DLBCL, N=7), mantle cell lymphoma (MCL, N=7), small lymphocytic
lymphoma (SLL, N=5), marginal zone lymphoma (MZL, N=6) [including nodal MZL (N=2)
and extranodal MZL of mucosa-associated lymphoid tissue (MALT, N=4)], and
lymphoplasmacytoid lymphoma (N=2). Published criteria were used to assign FLIPI and IPI
scores for risk of poor outcome for patients with follicular and non-follicular lymphomas,

respectively (Solal-Celigny et al., Blood 104:1258-1265, 2004). Demographics and patient

characteristics are summarized in Table 5.

Table 5. Demographics and Baseline Information.

All Patients FCL' Other”
(N=82) (N=55) (N=27)
Sex (M/F) 34/48 21/34 13/14
Age, median yrs (range) 64 (33-85) 61 (33-80) 66 (43-85)
ECOG: 0,1,2 68, 18,2 45,10, 0 17, 8,2
Disease stage at study entry 9 5 4
! 7 6 2
o 26 20 6
v 39 24 15
Yrs from diagnosis 51(12:315 51(1.631.5  5.1(1.2-153)
median (range) o ' o ' o '
Prior treatment regimens
Number, median (range) 1.5 (1-7) 2 (1-7) 1(1-5)
Rituximab containing: 0, 1, >2 9,49, 24 7,31, 17 2,18,7
Last treatment
Yrs from, median (range) 1.8 (0.1-11) 1.9 (0.1-8) 1.6 (0.1-11)
Response (yes/no) 76/6 5372 23/4
Duration of (mo), median (range) 18.0 (2-143) 18.0 (2-79) 19.0(2-143)
Elevated LDH 17 13 4
Bulky Disease > 5 cm 30 24 6
FLIPI
Low (0-1) 20
Intermediate (2-3) 31
High (4-5) 4
IPI
Low (0-1) 9
Low/intermediate (2) 12
High/intermediate (3) 5
High (4-5) 1
Veltuzumab Dose Level
80 mg/m* 14 9 5
120 mg/m” 21 17 4
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[0233] A single-compartment (mono-exponential) model was tit to all available post-treatment
serum-leve N&tM/BHEA O the 72 patients. Table 11 summarizes the resulBed/ TSR
pharmacokinetic parameters showing that the mean Cmax and AUC increased with dose level, while
the clearaneg (fdnnvalues showed no consisterg pattern of dosg glependence. Mast importantly, the
mean [T10 y¥ajygs/apPpeared comparable at %I dgses, and even g 80 mg/m2, the gntibody remained in
circulgtionwigha/mean half-life of 20 days. Although a formal comparison was not performed, there
were 1o 'meled A FSNENELSIAIRSANTNERK) AALOFIR R PRSI eaimenkRIGENAcansiestipnine o0
follicularjpatigRts compared to the 22 other non-follicular patients (data not shown). Table 11.
Veltuzumal SREHLEY elsMean) SR Riasmacokinglisr AlerHibiBHsiIo0=-780me/ma Brl2) 120
mg/m2 (NmpAbRRAQMRG MAAFph iy R PRI TZAINGD, MMZnihhoBlasiid¥toid lymphoma

(N=2).

[0224] Drug Administration - Of the 82 patients, 78 received 4 infusions, while 3 patients

with early progression of disease withdrew after completing 2-3 veltuzumab infusions, and
one SLL patient with hives and chills at prior rituximab withdrew after similar Grade 1-2
reactions at the first veltuzumab infusion. Doses were otherwise administered as prescribed,
based on the patient’s body surface area and dose level, except for 3 patients given 1 or 2 of
the 4 infusions at reduced doses due to allergic reactions, and one patient who was
inadvertently administered one infusion at the next higher dose level. Infusion times are

summarized in Table 6 for all doses given.

Table 6. Median Infusion Times (hours).*

Dose N | Infusion 1 Infusion 2 Infusion 3 Infusion 4
(mg/m2)

80 14 | 1.8 (1.1-3.6) 1.4 (0.6-2.3) 1.2(0.8-1.6) | 1.2(0.8-1.7)
120 21 |12.1(1.1-4.6) 1.4 (0.7-3.5) 1.4 (0.7-3.5) | 1.3(0.6-3.7)
200 18 | 2.4 (1.3-8.1) 1.3 (0.8-7.9) 1.5(0.8-8.8) | 1.3 (0.8-8.3)
375 26 |3.1(2.1-7.6) 2.1(1.6-4.8) 2.1(1.7-3.8) |2.1(1.3-6.9)
750 3 4.7 (3.8-6.2) 2.6(2.2-3.2) 2.4(2.0-2.8) |2.5(2.5-2.7)

* Median (range) times in hours from start of infusion to termination of infusion.

[0225] Treatment Response - The single patient who withdrew at first infusion was unable to

be assessed for efficacy. Of the 81 patients evaluated, 23 had disease progression at or prior
to the first scheduled evaluation 4 weeks after treatment and underwent no further response
evaluations. Otherwise, the best response in each patient prior to disease progression
included 10 with CR, 7 with CRu, 16 with PR, and 25 with stable disease.

[0226] Calculating objective responses (OR = CR + CRu + PR), the overall OR and CR/CRu
rates were 40.7% (33/81) and 21.0% (17/81), respectively. In follicular lymphoma, the OR
and CR/CRu rates were 44% (24/55) and 27% (15/55), respectively, with both ORs and
CR/CRu’s occurring even after 2-5 prior rituximab-regimens, among follicular patients with

less favorable prognosis (FLIPI >2, elevated LDH, bulky disease >5 cm), and at all dose
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levels including 80 mg/m®. Among the other non-follicular lymphomas, the overall OR and
CR/CRu rates were 35% (9/26) and 27% (77/26), respectively. This included 5/6 MZL
patients with ORs (83%), including 2 CR/CRu’s (33%), one at 80 mg/m”, and partial
responses in 3/7 DLBCL patients (43%), and 1/7 MCL patients (14%). Table 7 summarizes

these results.

Table 7. Objective Treatment Responses.*

OR

CR/CRu

All Evaluable Patients (N=81)

40.7% (33/81)

21.0% (17/81)

Follicular Lymphoma (N=55)

43.6% (24/55)

27.3% (15/55)

Dose (mg/m°): 80

22.2% (2/9)
41.2 % (7/17)
46.2% (6/13)
50.0% (7/14)
100% (2/2)

11.1% (1/9)
29.4% (5/17)
30.8% (4/13)
21.4% (3/14)
100% (2/2)

120
200
375
750
FLIPI: 0-1
>2

55.0% (11/20)
37.1% (13/35)

40.0% (8/20)
20.0% (7/35)

Prior Ri‘a:ximab: 0
1
2-5

57.1% (4/7)
45.2% (14/31)
35.3% (6/17)

42.9% (3/7)
22.6% (7/31)
29.4% (5/17)

Elevated LDH: Yes
No

23.1% (3/13)
50.0% (21/42)

15.4% (2/13)
31.0% (13/42)

Bulky Disease(> 5 cm): Yes
No

25.0% (6/24)
58.1% (18/31)

8.3% (2/24)
41.9% (13/31)

Non-Follicular (N=26)

34.6% (9/26)

26.9% (7/26)

Marginal zone lymphoma'
Diffuse large B-cell lymphoma®
Mantle cell lymphoma’

Small lymphocytic lymphoma®
Lymphoplasmacytoid lymphoma5

83.3% (5/6)
42.9% (3/7)
14.3% (1/7)
0.0% (0/4)
0.0% (0/2)

33.3% (2/6)
0.0% (0/7)
0.0% (0/7)
0.0% (0/4)
0.0% (0/2)

*Best response prior to disease progression based on Cheson criteria (OR =
CR+CRu+PR, CR = complete response, CRu = unconfirmed CR, PR = partial response,
SD = stable disease, POD = progression of disease)

(120 mg/m®)
mg/mz)

mg/m?, 2 x 375 mg/m2)

mg/m?2)

IMZIL: 1 CR (80 mg/m2), 1 CRu ( 375 mg/mz), 3 PR (80 mg/mz, 2 x 200 mg/mz), 1SD
2DLBCL: 3 PR (80 mg/m?, 2 x 375 mg/m2), 4 POD (80 mg/m?, 2 x 120 mg/m?, 200

3MCL: 1 PR (375 mg/m2), 3 SD (200 mg/m?, 375 mg/m2, 750 mg/m2), 3 POD (120

4SLL: 2 SD (375 mg/m2), 2 POD (80 mg/mz, 375 mg/m2); SLPL: 2 SD (200 mg/mz, 375
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CL (mL/d/m2) 67 33 108 103 230 604 72 52 37 7 [0234] Similar to what has been reported with
rituximab (Berinstein et al., Ann On cot 9: 995- 1001, 1998; Gordon et al., J Clin Oncol 23:1096-1102,
2005; Cartrdnetdp/ ot Rev in Oncol Hematol 62:43-52, 2007), both mearP&AdUA?80H4 19k and
trough serum levels at each infusion were generally higher among patients with objective responses

than in ”RFE%PPBQ@MSS?Mli@ﬁﬂ%aﬁé%%ﬂd@ﬁ%éfﬁﬁﬁﬂ@&&e%‘d%{h{&r, thess-natieniptieated at the
lowest dose of 80 mg/m2. Median pre- and post-infusion results are summarized in Table 12 for all

follicular PRVt 4B date. mab?@@@%miﬂa IS SR A tdDBISipLGerrasghditfor
FolliculardyymphemeaResnanagis @5% Kenrespanmsis). Infusenjresnondear frerfuaipnRestinfusion

O R AP T0s Sonths (93¢ CF. 6.0~ 26 mo) and veedian TTF of 13,3000 (93¢ CED 5 282
mo). Kaplan-Meier DR and TTP curves for the 24 responders are presented in FIG. 15. For
the 15 follicular patients who achieved CR/CRu, the Kaplan-Meier estimated median DR and
TTP were 19.7 months (95% CI: 8.7 — 32.5 mos.) and 24.2 months (95% CI: 13.8 — 34.4
mos.), respectively, including 5 patients still continuing long-lived responses 15.9 to 37.6
months from the date of 1* infusion. Although the sample sizes are small, there was no
decrease in the durability of complete responses at lower doses, and the single follicular
patient with a complete response at 80 mg/m” is still in remission 15.9 months after the 1%
infusion. Among the non-follicular histologies, the 2 complete responses that occurred (one
at 80 mg/m?), as well as one long-lived stable response (all in marginal zone lymphoma),

were still continuing 15-24 months after treatment.

[0228] Adverse Events - Seventy-eight patients had one or more adverse events during the

study. Of 48 patients with events considered at least possibly treatment-related, only one
patient had a Grade 3 event, hypogobulinemia which developed during long-term remission >
1 year after treatment. Otherwise, all events considered at least possibly treatment-related
were mild-moderate (Grades 1-2), most of which were infusion reactions that occurred
predominantly at first infusion, with < 11 patients having such events at each of the
subsequent infusions. Table 8 summaries the most frequent events.

[0229] Ten patients had serious adverse events, none of which were considered even possibly
treatment-related, including pre-existing atrial fibrillation and events occurring during the
treatment period (trauma, cellulitis, sepsis), within the 12-week post-treatment evaluation
period (decreased performance status, back pain, incidental finding of A-V malformation) or

during long-term follow-up (bladder tumor, pulmonary embolism, urinary fungal infection).

Table 8. Adverse Events Occurring in > 5% of Patients.

Patients with Events | Patients with Events Considered at Least
(Grade > 3) Possibly Treatment Related (Grade > 3)
Fatigue 23% (0%) 13% (0%)
Pruritis 13% (0%) 7% (0%)
Fever 13% (0%) 9% (0%)
Headache 11% (0%) 4% (0%)
Asthenia 11% (0%) 9% (0%)
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Dyspnea 10% (0%) 4% (0%)
Cough 10% (0%) 0% (0%)
Abdominal pain | 9% (0%) 4% (0%)
Chills 9% (0%) 7% (0%)
Arhralgia 9% (0%) 2% (0%)
Diarrhea 7% (0%) 5% (0%)
Nausea 7% (0%) 5% (0%)
Nasal 7% (0%) 4% (0%)
Congestion
Peripheral 6% (0%) 2% (0%)
Edema
Back Pain 6% (1%) 1% (0%)
Myalgia 6% (0%) 2% (0%)
Dizziness 6% (0%) 4% (0%)
Pharyngeal pain | 6% (0%) 4% (0%)
Hypertension 5% (0%) 2% (0%)
Urticaria 5% (0%) 1% (0%)
Constipation 5% (0%) 1% (0%)
Anemia 5% (2%) 0% (0%)

[0230] Eighteen patients (22%) had one or more infections. None of the 4 Grade 3-4
infections were considered treatment-related, including 3 infections (sepsis, cellulitis, fungal
urine infection) requiring IV antibiotics and one infection (not otherwise specified) treated
with multiple oral antibiotics. Otherwise, all infections were Grade 1-2 events treated with
oral medications, predominantly involving the respiratory tract, urinary tract or sinuses.

[0231] Safety Laboratories - Blood samples for hematology and serum chemistries were

obtained prior to each infusion, 4 and 12 weeks after the last infusion, and then every 3
months as needed at follow-up evaluations. No abnormal pattern of changes in standard
safety laboratories occurred and few patients had increases in toxicity grades after treatment
(Table 9).

Table 9. Changes of Safety Laboratories: Patients with Increases in CTC v 3.0 Toxicity
Grades From Baseline (N=82).

Maximum Post-Treatment Grade
1 2 3 4
Hematology
Hemoglobin 10 5 1 0
WBC 11 5 1 0
ANC 2 4 2 0
Platelets 4 2 0 0
Serum Chemistry
Creatinine 1 1 1 0
Total bilirubin 0 0
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Alkaline phosphatase 6 0 0 0
SGPT(ALT) 4 0 0 0
SGOT (AST) 4 1 0 0

* Grade 3 events: 3 patients had abnormal laboratories (grade 2 creatinine, grade 2 ANC,
grade 1 hemoglobin) at study entry which became Grade 3 at week 12, while the other patient
maintained normal WBC and ANC levels until week 12.

[0232] Pharmacokinetics - A total of 72 patients who completed all 4 infusions

received all veltuzumab doses at the intended dose, had serum samples collected
after both first and last infusions, and had negative ELISA assay results prior to
receiving veltuzumab (one patient was excluded due to an apparent interfering
serum factor of unknown cause) were included in the analysis of pharmacokinetics.
Table 10 summarizes the mean serum levels prior to and 30 min following each
infusion. At all doses, the mean peak levels at the first infusion exceeded the 25-
ng/mL value considered important for maintaining efficacy with rituximab
(Berinstein et al., Ann Oncol 9: 995-1001, 1998; Gordon er al., J Clin Oncol
23:1096-1102, 2005; Cartron et al., Crit Rev in Oncol Hematol 62:43-52, 2007).
The antibody accumulated with infusion number at all doses, and even at 80
mg/m?, the mean trough serum levels exceeded the 25-pg/mL value by the last
infusion. Post-treatment serum samples were scheduled to be collected 30 min

after last infusion, 1, 2, 3 and 4 days later, and at 1, 2, 3, 4, 8 and 12 weeks.

Table 10. Veltuzumab Serum Levels (Mean = SD): Pre- and Post-Infusion Results

(ug/mL).
80mg/m” | 120 mg/m® | 200 mg/m® | 375 mg/m”> | 750 mg/m”
(N =12) (N=19) (N=14) (N=24) (N=3)
Infusion 1
Pre 1.3+1.5 0.3+0.5 0.3+0.6 0.1+0.3 0.7+0.5
Post 39+9 59 + 13 94 +22 194 + 35 474 + 33
Infusion 2
Pre 11+5 18 +11 28 +18 75 +45 222 + 158
Post 48 + 15 86 + 31 125 +44 276 + 90 632. £99
Infusion 3
Pre 20+7 30+ 19 57 29 118 51 385 + 77
Post 55+ 15 92 +44.4 140 + 49 335 +91 801 £29
Infusion 4
Pre 27+ 11 43 +26 72 +41 173 + 69 495 + 64
Post 68 + 25 100 + 37 170 + 67 404 105 | 996 + 66
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16 201.0 No 21 43.0 16 85.4 [0235] B-cell and Other Immunological Changes - Peripheral blood
B-cell levels (CD19+) were to be determined at baseline, prior to each infusion, at 4 weeks following
the last infu¥Y6h2HAAHER at 3-month intervals until recovery to baseline. APSITIEPEAH)S B81patients
had low or low-normal peripheral blood B-cell levels (1-256 cells/MI, median 60), 9 patients (including

all 5 SLL paysnie)khagkals e Pnon(ek fondRt o) I Bibidnadigf o/ARAvansbR patients did not have
baseline levels determined. [0236] FIG. 158%rgphs the course of B-cell levels for all patients who had

non-elevast EEEMeRVEIR A I53sbHAR Hhersh RidbedrePatiffibie SBRMEL WA Fehtment. At

laboratorigs whare BrrelbleMala cgierenperiedar persertagariioial dvinplogytes, decreases below
the lower limit cgéguantitation (typically 1%) could not be determined and for analysis were

conservatiEry ¥t Alhelirrertor i doneértitly Yddlnides speerd bl vibrisha¥edich, the actual

extent of Breeflsiepietiands lifly g srrRietevibut ingrethalgsshdheerasy|is appaar comparable for
all the dose levels, including the lowest dose level of 80 mg/m2. [0237] The B-cells generally remained

depleted ARGREILERBPREARIG AR B MR8FHNG f¥F AL SRGOR - The-PRERAENLEMIBRE L then returning

towards baselinp R ahl2 Mantharand dheedsyso sukientethahRicohfapielionds less durable at
lower dose levels, although long-term data are still limited for patients treated at the most recent dose

level of SEPARFHPIMEDIBFIPHECTE N YRGS IlTRIT ey ReBeRIRAR Lo &RLBR PSRty were not included

in FIG. 14damedariphalimspdr fftieriitipopasaddassline uaduapapartisuharbpfemtdie SLL patients,
their B-cell leyels were also substantially decreased with treatment (median 96% decrease), including

a 94% derELiIcH BhRASREACHIARL AP EH) mg/m2. However, these were primarily short-lived
responses, most beginning to return towards elevated baseline values by 12 weeks after the last
infusion. Y4612 010/Vin 62mkal 8¢SnaI%0elt ¥ e{oPB SD)UBRhiitatve Raretics Afiten dtidinfilisiend T-cell
levels were to be obtained from blood samples evaluated at baseline, prior to last infusion, 4 and 12
weeks later, and then every 3 months for patients remaining in follow-up. There was no consistent
pattern df clinically sigpificant decreases during the,12-week st eriod-or aller subsets of
patients followed up td ’Bcéjﬁfé aftqr i {&ion, &Bian ﬁr&%%ﬁromnéza gﬁ?glbeing small at
a“y: ; e? )Inf‘ 1 7 ( > ~td2401

;IVI/- [P&=TY]

afar |l T callc o for |
77U TTUR T T AYA 2 | LAYA] T

LEAS LAY A= T 70 TOT =7 =70

MOost timp-petrts-{bypie
Immunoggmﬁij HAHAY6 Saventy patientsdhad af lesst@oe postigatnient seggausample at 4 weeks
(N=58), gkl (N=53),-6-months{N=8)oron4 = } ipn-analyzedfoq NAHA by
ELISA agsdy. One SLL patieng with prigrrituximal) exposyre was gegative at|stydy.enyy, bu£
%9, 1T HPY N2 ) y b |

developecﬁ levated titers (3,380 ng/mL) 4 weeks pfter treatmerjt without any japparent clinic
consequeAt8CAll othef samples were negative é<50 n /mL%aDiscussion 0241] Despite evidence of
cell killing edigter)by éﬂﬁ%&o@/‘éepéﬂ?gﬁégﬁ Ia|4é§g)#b%' & (ABEe)3 @%nrpil&%n#éééén ent
CytOtOXiLité (€EDE)antdirectsignating-withrapoptosiseffectsthectinicatty retevantmechanmsms of
action of %%L%ang imnggnodrerapy in#3-celpmalignaocies)or various sutoimmame disorders{remains
uncertain_(Glennie’et at, Mol Immuniol 44:3823-3837, 2007). Ad such, clinical trials of secon
generation anti-CD20 antibodies remain necessary and most of these have focused on antibody
doses clqpgg) o higher thag hat supicalbedienithitndmabatsehhatser,f o), Bepdds.0:199%,
2007; Hagenbeek et al., Blood 111:5486-5495, 2008; Coiffier et al., Blood 111:1094-1100, 2008).
However! @@lela finesiepinglity, cliiditiy anididP Saudids (BNamplets) cagvélrdfimdependent
studies ofshaving,eifecss IGLLAKENNGSIY Blah JnAvnel 1A 380378820 Wilians gt at, -1
Immunol 177:7435-7443, 2006), have suggested that lower doses than the typical 375 mg/m2 dose
used witAIRSIGMAISISHESHRI Bl Sigheraimongepprestnt bsaisdbimertprasestlandnlieast with

veltuzumgh, myghdawerdases faat Shxmatie e siicaciaysn oty yaaand (R alinigaifesponses
and abl%to deplete peripheral blood B-cells. [0242] Most patients in this study had follicular

lymphom@¥sstisiehoidltlingimab Masian plreriiiemd-ghjedaneaddisons supamieed inclable Hte

reported with{ifuMimak: &{%@{Uﬁh@yg{%gigg&f rituximab-naive patients (McLaughlin eta!, J Clin
Oncol 16:2825-2833, 1998) or 40% in patients who previously responded to rituximab (since many

patients here had prior exposure to one or more rituximab-containing regimens) (Davis et at,.! Clin
Oncol 18843e12. Veltuzumab Serum Levels During Treatment for Follicular Lymphoma

Responders and Nonresponders.

Infusion | Responder | Preinfusion Postinfusion
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WO 2010/011697PCT/US2009/051321 3143, 2000). Similarly, the rate of complete responses, either
27% CR/CRu or 16% for CRs alone, exceeded the complete response rates of 6% and 11% reported
in those groR$s2HeHBLefT different criteria were used in the earlier studies. FS2UEPHI/pMddttant that
veltuzumab responses, including complete responses, occurred in patients who had received multiple
prior rityximab-regimens as wellip patients, gengf lly/AansioRred at risk joyleesiqyorapie|outcome
(higher ELIPL scares, elevated | DH, tuma@r masses >5 cm)| The highestlrespanse rates accurred in
the smalllnumber pffi¢tuximab-naive patigitd) achieving 5704 ©Rs and 4398-CR/CRU' s. [0244] The
10.2 mgnths mediag PR found|fef alr FL fgsponders in this §Erdy is compaggple with the 11.2 months
DR repqrted in relapsed/refractory, indolent NHL patients after a first application of rituximab
(McLaugBlin et al, [J¥&Hin Oncol|13)2825-28%8) 1998). Althaubh a longer [1538-thonths medjan DR was
reported T patientsyEreated wigprituximet, ey ai frad atifigved am oljggtiye Tesporse 1o prior
rituximalb lasting at least 6 months (Davig et al., .1 Clin Onc¢ol 18:3135-3[143, 2000). In contrast,
patients it this stugy eould not haVe progr@s%d within 6 mohths of rituxpizd,-®ut an objective
response-was notreguired-As %h, the I tikety be-morerefractory " equire morejtime for
veltuzumab to be effective, consistent with the median time to onset of response of 3.3 months in this
study corhpared td X.&months iR®oth of t¥8.6ther rituximaplstudies (MclL2UgBlin et at, 1998; Davis et

al., 2000);-and-aisp gi'ibibtci“lt with-the-retgtivety tong mcdiai’i TTHP-forrepgonders-of-15:2 months seen
in this study. [0245%] As discussed above,|there also appeareg to be a greatér number of gomplete
responses with veltuzumab compared to these other studies. This is particularly important because
patients WRSHCEN S s uch onaraly ded craple iseparises, Wi medaR R and PFS
currently bein 3 ) ~both of Whie may increase further sinde 5
patients averstidl bodttreumgadith tongiheepriesponshsi{itionr, 37 Hwaekitis)obhng thiekpite the lower
dose levels. studied here, efficacy results with veltuzumab appeared favorahle compayed. to rituximab
hen g S S A R Ty S AR T Bty
achievedhad bverall objectivel rpspursel tated B36848 1witkl 2706 TRATIR U nvelituz G ad plidgpasticularly

Il inal h it ins ' % ' ither. | MALT
ol e A e oA AR (1 24 o) e AL Bk Vel iy a0

mg/m2. Thtisptohdisteritanethdslorabiecte dpensesedreviously reported with rituximab WO

2010/01 09/051321 (Tsimberidgu.et al...Cancer, 107: | 25-135, 2006; Conepni et at,
Blood 1000 10718 S50 Defoaianat Dra S LR ABs e o P
lymphomel 0247 i REBBE and gdrapietecrespplesesaed detln b teingatidrithibehieved a partial
response, | i e patient r wit nr, The result rate of 43%.obtained here
with 4 We‘xé%%zgs@egls]oc%vveg?tuwz llj%n%%%‘l}s%gio?% ;Eﬁg%ﬁggég ﬂwfew% Ogﬁrﬁ ieﬂ)r%eygﬁté%%leﬁf%l@?v%im% weekly
doses of itusirhiatht (G ojffieti sitain, Bipod O 170PTe1BBR 11898 YeThawd findifvgsunfl psormising activity

fdtsitiat ) Giool2 IR PToL 1t o indifigsaflpromisng activity
prieai Bt S R NS B s e
N Engl J MMIEA@QB@&QQI.EOQ@WM@M@@@ pgr@iﬁtar’twlmﬂh@ltsslthwmﬂl@amh@h is

approved (9iagi BB TEQUBIIAIGRIELCHOR, 03481 Onl.phef gsn patients with mantie

cell lympho an objective response, a short-lived partial response in a'patient treated with
veltuzumdB3t11PieBeyiB. Sehigal xomsigtedtdeitletesbdeist saspeiisecatery, @nmbpifeddimirlasitly partial

respo”S%ﬁfﬁ%%ﬁ”%ﬂﬂ"&&%&%'&%%&ttﬂéﬂﬁg@&ﬁi@%%Q&?B‘é@eﬁ%ﬁlhStxﬁ‘&nﬁ{m 0RL13:928-943,
2002; Foran et al., J Clin Oncol 18:317-324, 2000j. Patients with relapsed small lymphocytic

Iymphomspm*édq?@wﬁw@ lﬁ@crl:lléﬁp]@mefsalem/ém@mgﬂéoagréﬂpmdﬁmabaém@uglm@ﬂmtenalqamgs;
Foran el g, s%iﬁ:'I'ihﬁ@&%ﬁﬁéﬁ%ﬂf@&é‘at@&’QP?hé"‘H{%QC}Q@eRI HSRNVRBHRR ) IS study had an

objective response. [0249] However, veltuzumab did have other evidence ©f activity in SLL, since all

the patie{ﬁé’yifﬁidf_élnaﬁaffemaﬂae@élw?éi_aeﬂbmtgdjﬁycemeyve@ ab@v@ﬂezmommzpwmm_éém%@d after the
first veltugymalinfusiqp ane @g%?&&& Aecraaged Jor @ﬂ%sg‘%‘éfﬁ?éﬁaﬂf}qfomﬁé%ﬂﬂfpgé&%,a”d this

included one patient treated at 80 mg/m2 with initial levels >10,000/mm3 subsequently decreased by
94%. TwetuBreslblenalxivrap atspatlsientiatly dealdasestrsithidinssaciyobedidie iz degréasdlunocytoma
reported pily imadest iesRoRse. Aea Witiog sempleiesesnonses G Shake dGlnQRsaly
18:317-324, 2000; Gertz et al., Leuk Lymphoma 45:2047-2055, 2004), and thus it is not surprising that
neither ofiRE-Pyretisponsahinenl &g suitngritplsopiatonacdticIgaisHderglovalebhactiveveesponse.
[0250] CoReemingYelitzispab pharmacokinetics, at 375 mg/m2 the mean peak and trough serum
antibody levels achieved with veltuzumab were comparable to values reported for rituximab
(Berinstein et at, Ann Oncol 9:995-1001, 1998). Even at 80 mg/m2, B-cell depletion occurred after the
first infusion, antibody serum levels after the first infusion exceeded the 25-1.1g/mL value associated
with maintained efficacy (Berinstein c/at., 1998; W8 2010/011697PCT/US2009/051321 Gordon et al.,
2005; Cartron et al. 2007), and continued to increase with each successive infusion, and veltuzumab

remained in circulation after last infusion with a half-life comparable to or at least as long as reported
iNn rifrivimah ctiidioe Rarinetain at at 1009 Cartron ot al 2007 TO2511 \A e farind tha ecamaoa



WO 2010/011697PCT/US2009/051321 the recent evidence of "shaving" in chronic lymphocytic
leukemia has led others to suggest that low doses may be effective in that disease (Kennedy el al., .1
lininunol 173928008188 72004; Williams el at, .1 Immunal 177:7435-7443, 2006V12800/808% also
would be expected to be effective against lower CD20 tumor burdens, such as lymphoma patients with

small volpgngofisrase @l UNESIeRINEHaABYRBANGS AReraRy: oY ékBrerlknediniathauiotmung
diseases, where there may be much less of a CD20 sink than in malignant diseases, and where overly

aggressivaRESIFEUPpiwkal IR HAF nBt Mett it B i dstishle, Yoeka Al s arthibe) eNREXample
demonstiateehtha)- RluanRaRds ptiandvweluolerated wautaleeth sklawArse s A R&llye. With B-cell

depletion and complete responses occurring at all doses evaluated, including 80 mg/m2. Lower doses

are also HEHHEHRT HetsAses FRTHE SHpOAUVREF S HRIREIERU AL B s ehtsct bG8 hjection using a

more CO%ﬁB%E?ﬁ‘p&Bt@%éﬁ@Hﬂ@fﬂﬁgﬂnﬂfsi%,sxbﬁﬁ&éhﬁW'&Hﬂr@@M@rH@%@l&éﬁ?@ﬁ@%ﬂﬂt Example
25. hA20 Variants Nomenclature Alternate Name H- CDR3 Fc Note 101 102 239 332

most time points (typically <5% for IgA and IgG, <15% for T cells, <20% for IgM).
[0240] Immunogenicity (HAHA) - Seventy patients had at least one post-treatment serum

sample at 4 weeks (N=58), 12 weeks (N=53), 6 months (N==8), or one year (N=2) after last

infusion analyzed for HAHA by ELISA assay. One SLL patient with prior rituximab
exposure was negative at study entry, but developed elevated titers (3,380 ng/mL) 4 weeks
after treatment without any apparent clinical consequence. All other samples were negative

(<50 ng/mL).

Discussion
[0241] Despite evidence of cell killing mediated by antibody dependent cellular cytotoxicity
(ADCC), complement dependent cytotoxicity (CDC), and direct signaling with apoptosis
effects, the clinically relevant mechanisms of action of anti-CD20 immunotherapy in B-cell
malignancies or various autoimmune disorders remains uncertain (Glennie et al., Mol
Immunol 44:3823-3837, 2007). As such, clinical trials of second generation anti-CD20
antibodies remain necessary and most of these have focused on antibody doses close to or
higher than that typically given with rituximab (Morschhauser et al., Blood 110:199a, 2007;
Hagenbeek ef al., Blood 111:5486-5495, 2008; Coitfier et al., Blood 111:1094-1100, 2008).
However, several lines of inquiry, including animal studies (Example 15), as well as
independent studies of shaving effects in CLL (Kennedy et al., J Immunol 172:3280-3288,
2004; Williams et al., J Immunol 177:7435-7443, 2006), have suggested that lower doses
than the typical 375 mg/m? dose used with rituximab should be explored. The present results
demonstrate that at least with veltuzumab, much lower doses than 375 mg/m2 are efficacious,
both with regard to clinical responses and ability to deplete peripheral blood B-cells.
[0242] Most patients in this study had follicular lymphoma for which veltuzumab had an
overall 44% objective response, between the 48% rate reported with rituximab in the initial
pivotal trial of rituximab-naive patients (McLaughlin et al, J Clin Oncol 16:2825-2833, 1998)
or 40% in patients who previously responded to rituximab (since many patients here had prior

exposure to one or more rituximab-containing regimens) (Davis et al., J Clin Oncol 18:3135-

86



v-mab Veltuzumab; hA20 D V S | Slower off-rate VIO2Y Y CDR variant of v- mab with similar or

equivalent in vitro and in vivo properties Ex. 25A
WO 2010/011697 PCT/US2009/051321

3143, 2000). Similarly, the rate of complete responses, either 27% CR/CRu or 16% for CRs
alone, exceeded the complete response rates of 6% and 11% reported in those groups,
although different criteria were used in the earlier studies.

[0243] It is important that veltuzumab responses, including complete responses, occurred in
patients who had received multiple prior rituximab-regimens as well in patients generally
considered at risk for less-favorable outcome (higher FLIPI scores, elevated LDH, tumor
masses >5 cm). The highest response rates occurred in the small number of rituximab-naive
patients, achieving 57% ORs and 43% CR/CRu’s.

[0244] The 10.2 months median DR found for all FL responders in this study is comparable
with the 11.2 months DR reported in relapsed/refractory, indolent NHL patients after a first
application of rituximab (McLaughlin et al, J Clin Oncol 16:2825-2833, 1998). Although a
longer 15.0 months median DR was reported in patients retreated with rituximab, they all had
achieved an objective response to prior rituximab lasting at least 6 months (Davis ef al., J
Clin Oncol 18:3135-3143, 2000). In contrast, patients in this study could not have progressed
within 6 months of rituxmab, but an objective response was not required. As such, they may
likely be more refractory and require more time for veltuzumab to be effective, consistent
with the median time to onset of response of 3.3 months in this study compared to 1.6 months
in both of the other rituximab studies (McLaughlin et al., 1998; Davis et al., 2000), and also
consistent with the relatively long median TTP for responders of 15.2 months seen in this
study.

[0245] As discussed above, there also appeared to be a greater number of complete responses
with veltuzumab compared to these other studies. This is particularly important because
patients with CR/CRu’s in this study generally had durable responses, with the median DR
and PES currently being 19.7 and 24.2 months, respectively, both of which may increase
further since 5 patients are still continuing with long-lived responses (15.9 — 37.6 months).
Thus, despite the lower dose levels studied here, efficacy results with veltuzumab appeared
favorable compared to rituximab when given once-weekly for 4 weeks.

[0246] Among the non-follicular histologies, veltuzumab achieved an overall objective
response rate of 35% with 27% CR/CRu’s. Veltuzumab did particularly well in marginal
zone lymphoma, with ORs in 5/6 patients (83%) having either extranodal MALT or nodal
type disease, including 3 long-term responses (15-24 months), one at a dose level of only 80

mg/m®. Thus, consistent with favorable responses previously reported with rituximab
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ADCC CwpithRevnahriaanncted of v_ Ex. 25C
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(Tsimberidou et al., Cancer 107:125-135, 2006; Conconi et al., Blood 102:2741-2745, 2003),
veltuzumab shows promising activity for use in marginal zone lymphoma.

[0247] In DLBCL, no complete responses occurred, but 3/7 patients achieved a partial
response, including one patient treated with 80 mg/m”. The resulting OR rate of 43%
obtained here with 4 weekly doses of veltuzumab is comparable to the 37% rate reported in
DLBCL with 8 weekly doses of rituximab (Coiffier et al., Blood 92:1927-1932, 1998). These
findings of promising activity suggest that veltuzumab may be useful in combination with
chemotherapy in this population, similar to what has been found with rituximab (Czuczman
et al., J Clin Oncol 22:4711-4716, 2004; Coiftier et al., N Engl J Med 346:235-242, 2002;
Habermann et al., J Clin Oncol 24:3121-3127, 2006), which is approved for use in DLBCL
in combination with CHOP.

[0248] Only one of seven patients with mantle cell lymphoma had an objective response, a
short-lived partial response in a patient treated with veltuzumab at 120 mg/m®. This is
consistent with modest response rates, and predominantly partial responses, reported with
single-agent rituximab in this disease (Igarashi ef al., Ann Oncol 13:928-943, 2002; Foran et
al., J Clin Oncol 18:317-324, 2000). Patients with relapsed small lymphocytic lymphoma are
known to be relatively refractive to single-agent rituximab (McLaughlin ef al., 1998; Foran et
al., J Clin Oncol 18:317-324, 2000), and none of the few patients in this study had an
objective response.

[0249] However, veltuzumab did have other evidence of activity in SLL, since all the
patients had elevated B-cell levels at study entry (3 above 10,000/mm®) which decreased after
the first veltuzumab infusion and remained decreased for at least 4 weeks after the last
infusion, and this included one patient treated at 80 mg/m” with initial levels >10,000/mm’
subsequently decreased by 94%. Two studies of rituximab in patients with Waldenstrom’s
macroglobulenemia and immunocytoma reported only modest response rates with no
complete responses (Foran et al., J Clin Oncol 18:317-324, 2000; Gertz et al., Leuk
Lymphoma 45:2047-2055, 2004), and thus it is not surprising that neither of the 2 patients in
this study with lymphoplasmacytic lymphoma had an objective response.

[0250] Concerning veltuzumab pharmacokinetics, at 375 mg/m” the mean peak and trough
serum antibody levels achieved with veltuzumab were comparable to values reported for
rituximab (Berinstein et al., Ann Oncol 9: 995-1001, 1998). Even at 80 mg/mz, B-cell
depletion occurred after the first infusion, antibody serum levels after the first infusion

exceeded the 25-pg/mL value associated with maintained efficacy (Berinstein ef al., 1998;
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DIOIN  mab with faster off-rate  The amino acid residue identical to that of v-mab at the
conesponding position is indicated with Materials and methods [0255] PCR were performed according
to the stand¥d PO Ubcol. DNA sequencing was performed by SeqWright TRIGZYASTBXY. The
restfiction enzymes were purchased from New England Biolabs. The primers were made through

Fisher Scirpdibig -« WO 2HIOIARA R Gl A520R0 3 A Maniarh Q2 Kdeh8ldedgveis the variant
of hA20 with one amino acid change of Val to Tyr at the 102 position (Kabat's numbering) in the CDR3

of VH. 100f53owasv shymmabropaits iy vireation plsrdrs Byl witka hskshife-cDR3VII-CDR3

comparable to or at least as long as reported in rituximab studies (Berinstein et al., 1998;
Cartron et al. 2007).

[0251] We found the same relationship of higher serum levels in responders reported with
rituximab (Berinstein ef al., 1998; Gordon et al., 2005; Cartron et al., 2007), and although the
numbers were small, this trend was still seen even for patients only treated at the lowest dose
of 80 mg/m®. These pharmacokinetic and pharmacodynamic findings suggest the lower
veltuzumab doses were adequate to overcome the antigenic sink, thus supporting the
demonstration of clinical activity that occurred at all dose levels in this study, including 80
mg/m’.

[0252] An added benefit of using lower doses is the decreased infusion time. With
veltuzumab, the median first infusion times were 4.7 hours at 750 mg/mz, 3.1 hours at 375
mg/m?, and 1.8-2.4 hours at lower doses, while median times for subsequent infusions were
2.1-2.6 hours at 375 or 750 mg/m?, and 1.2-1.5 hours at lower doses. At these shorter
infusion times, there were no serious infusion reactions or increases in the frequency of more
common infusion reactions. This is important, because the protocol limited the rate of
infusions in this first study, so that even more rapid administrations are likely possible with
this agent. Veltuzumab also had no significant clinical impact on standard safety
laboratories, T-cell levels, or serum immunoglobulins. Only one case of HAHA response
occurred, of uncertain clinical significance; otherwise, there was no evidence of veltuzumab
immunogenicity.

[0253] The first clinical study of rituximab evaluated single doses of 10 — 500 mg/m?, with
several partial responses achieved at doses of 100 mg/m* and above (Maloney et al., Blood
84: 2457-2466, 1994). In the next rituximab study, only doses of 125 mg/m” and higher were
given once weekly for 4 weeks, and the now standard 375-mg/m” dose was selected at that
point for further development, apparently on the basis of logistical rather than scientific
considerations, since the actual response rates (all partial responses) were identical at each
dose level tested (Maloney et al., J Clin Oncol 15:3266-3274, 1997). A better understanding
of pharmacokinetics and factors influencing patient response is clearly needed to optimize
dosing (Cartron et al., Crit Rev in Oncol Hematol 62:43-52, 2007), but after the initial
approval of rituximab, 375-mg/m* and even higher doses were accepted for clinical use with

anti-CD20 antibodies without critical evaluation, or consideration of lower levels. However,
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[0257] Thus, CDRH3 in VIO2Y is STYYGGDWYFDY (SEQ ID NO:21). Vector construction and
cloning scheme [0258] Four primers were used: 5' V102Y primer (40 mers)
CGGTGACYOCTHOIPEIIGATTACTGGGGCCAAGGCACCACG (SEQ ID NR§:PRS2009{0§2321primer (40
mers) CGTGGTGCCTIGGCCCCAGTAATCGAAGTACCAGTCACCG (SEQ ID NO:23 5' Xho | primer

(20 mersjie Ceb{e ARfeACAEARLGASCR CHRR 1M t%)@i)c%ﬁﬂ@ﬂiﬁ'h@ﬂﬁ@ﬁﬁ%}méﬁ)%lgest
AAAGCTTGCGGCCGCGATCC (SEQ ID NO:25) [0259] The cloning scheme was as follows: DNA

template HEABYdesssaRbs stfs i ysiim diag dissas o e preAd cPE@ R phBauEek 1 B1P BRI BRE& template:
hA20-19G gl A N a Mk Q2 MR iMB 2 Himgl H BrimerPed dyrodsist dtke 2R PR JARPIIRGR Aegduct

#1& #2 were purified from gel, mixed in equal molar amounts as template and PCR with 5' Xho | & 3'

Hind TITALpAHRGE g HEr ARV PRSP (BHE LI Wi bR AL R foPEF toVh® ERRH and

confirmed JMitheXdiiRBGHIRGY g SHaR IRARWaRPY S earBNBLREH WigalinedRGBiRradhet #3 with the
Xho I/Hind 11l restricted fragment of hA20-1gG-pdHL2 completed the expression vector for VI 02Y,

designatSHF st DBVISABRA Feed oIS ThPeah et tibiT At b Btd i nReR N epeay, and where
V102Y-hH2itpdbidd«e3: ke wasuippeasizaniy disesti aseadhndatbsieliowed by phenol, chloroform

extraction, and precipitate with 100% ethanol and ammonium acetate. The DNA %ellet was

resusperiddhiB stERmae iR BIRT ESmaNREbBa Yaluzemaas sr herekiored, 0.7 mm

Na2HP OgutaiishhnNbRexiseste teaRaniet BuEbl2d8y1diéh IpE Stnfile 20 sleeireneiated avith
electroporator GenePulser Xcell BioRa?&g capacitance 25 kF, 45Q V. resistance infinite ohms, 4 mm
cuvette. THEMEHRIAURES-dacted 88 4 HRER on o8 HElRs Hiaies 18 3B PP AR s St BGual volume of

the selectipporaadiyn centainied:Znkd¥ M Issbracaddedn ot ddrbaydhecolragaware screen by
ELISA using mouse anti-hA20 antibody coated on the Plates and anti-human Fc-HRP conjugate. The

color wad ¥ 8’&19\]/][?&%@ ij‘tﬁ%g}own in animal models (Example 15).

Example 25. hA20 Variants

Nomenclature | Alternate H- Fc Note
Name CDR3
101 102 | 239 | 332
v-mab Veltuzumab; | D Vv S 1 Slower off-rate
hA20
V102Y . Y . . CDR variant of v- Ex. 25A

mab with similar or
equivalent in vitro
and in vivo
properties

YDE . Y D E Fc variant of V102Y | Ex. 25B
with enhanced
ADCC
v-mab-DE . . D E Fc variant of v-mab | Ex. 25C
with enhanced
ADCC

DIOIN . . . CDR variant of v-
mab with faster off-
rate

The amino acid residue identical to that of v-mab at the corresponding position is indicated
with e

Materials and methods

[0255] PCR were performed according to the standard PCR protocol. DNA sequencing was
performed by SeqWright (Houston, TX). The restriction enzymes were purchased from New

England Biolabs. The primers were made through Fisher Scientific.
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[0263] The clone with the highest productivity (42 mg/L) was selected and designated as 3D10. VI 02Y
was made in roller bottles, purified with protein A, and its purity shown by SDS-PAGE and
size-exclusiBPHPIOOIOWRer characterizations included off-rate determinatidaAAPAOIS1 3z ay .
B.Variant YDE [0264] YDE is a mutant of VIO2Y with two 2 amino acid mutations on the CH2 domain
of Fc: S 239 D (TCA 4 GAT) & 1 332 E (ATC -> GAA) [0265] Like V102Y, CDRH3 in YDE is
STYYGGPWYRYiknER P NO:21). Vector construction and cloning scheme [0266] Six primers were
designed for the two amino acid mutations: 5' Pstl-Fc (20 mers) 5' CTCTGCAGAGCCCAAATCTT
(SEQID N@s@ﬁ)v?zOQQ?@%&%%ﬁ&ﬁf@f@%%@%ﬁ&%ﬁ@@@lﬁﬂ&%@@ﬁ@o(@y@@t RNG227) WO
2010/011697PCT/US2009/051321 5' S239D (23 mers) 5 GGGGGGACCGGATGTCTTCCTCT (SEQ
ID NO:28)°sitieisdErbassRurRbesingr dnche £ MEGGGGCTGG (SEQ LD NO:29) 5' 1332E (23
mers) 5' CCAGCCCCCGAAGAGAAAACCAT (SEQ ID NO:30) 3' Pstl-Fc (20 mers)

102 102
Vie2Y mutant: STYYGGDWYFDV > STYYGGDWYFDY
(Val ->Tyr) VH-CDR3 VH-CDR3

[0257] Thus, CDRH3 in V102Y is STYYGGDWYFDY (SEQ ID NO:21).

Vector construction and cloning scheme

[0258] Four primers were used:

5’ V102Y primer (40 mers)
CGGTGACTGGTACTTCGATTACTGGGGCCAAGGCACCACG (SEQID NO:22)

3’ V102Y primer (40 mers)
CGTGGTGCCTTGGCCCCAGTAATCGAAGTACCAGTCACCG (SEQ ID NO:23

5’ Xho I primer (20 mers)
CCTCGAGCACACAGGACCTC (SEQ ID NO:24)

3’ Hind 1l primer (20 mers)
AAAGCTTGCGGCCGCGATCC (SEQ ID NO:25)

[0259] The cloning scheme was as follows:

DNA template: hA20-1gG-pdHL2
S’ Xho I primer & 3° V102Y primer
PCR product #1: 510 bp

DNA template: hA20-1gG-pdHL2
5” V102Y primer & 3’ Hind III primer
PCR product #2: 210 bp

[0260] PCR product #1& #2 were purified from gel, mixed in equal molar amounts as
template and PCR with 5° Xho I & 3’ Hind III as primers to generate PCR product #3 (680
bp), which was cloned into pGEMT and confirmed with Xhol and HindIII digestion,

followed by sequencing. Ligating PCR product #3 with the Xho I/Hind III restricted fragment
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5" ACCTGCAGGCGGCCGTCGCA (SEQ ID NO:31) [0267] The cloning scheme was as follows: DNA
template: 1826-SV3 (an in-house staging vector) PCR#1:5' Pstl-Fc 8z 3' S239D primers-> 207 bp
PCR#2:5' 529920 B)/811G332F primers-> 303 bp PCR#3:5' 1332E St 3' Pstl-RGIRNIOA37bp [0268]
Each PCR product was gel-purified, mixed in equal molar concentration to obtain PCR#4 (941 bp)
using 5' Bstike@ hdistl RGP RN eKS RprEibIas e nsavnte RGlMInard coNfitmed by
sequencing. The fragment was then digested from pGEMT with Pstl and cloned into an intermediate
vector, 1896! 1 Alvas also digested with Pstl. Ligating PCR#4 cut from the staging vector with
Eagl with the Eagl-restricted V102Y-hA20-lgGpdHL2 completed the construction of the final
YDE-hA20-pdHipzafspnRefss ioia pratbrisirimesiieation [0269] The same procedures as described
above for V102Y were used to obtain the production clone for YDE, which was purified from cell
culture byoReItEv A2 3NEATORTHY Shepd) ywaDiSédtiedd Badidéstidh Wath\JaFl waBsheywsyto have
enhanced ADCC compared to either v-mab ar Vi 02Y. C.Variant v-nzab-DE [0270] v-mab-DE is a Fc
variant oPYSHlb R RS HACinB Y REe RiREAt WL A SR €1130gb AN ATBIeRILD Y¢S5t he same

primers aryt eonNgesiehamerassirseidaagéos sdabpiby kxpiEe? (e aMSeE PE S pigonsinsstion of the
expression vector v-mab-DE-hA20-pdHL2, which has not been transfected. ADCC Assays of hA20

Variants [O¥APAbEBMEG], (AP RHHEP 2t F E i B R LaNESHart bratdd 4t 104

cells/wellSpENF [He] Bf assaydnepiaatEPMth 64 ssophenceietulde GldamiaR ¥ @Rap&atianteOne set
of wells received only the media for background control and another set of wells received cells only
and servéd HE ) cOrtFsisfaRTR AR PREI VSR E3 Yo o RaRlrHumyahadsesed R4 &d from one
donor wassugeds pilaeg was drawn into heparinized tubes (approximately 50mL of blood/donor) at
which time UN1-SEP maxi tubes (NOVAmed. LTD.) were used for density gradient se%aration of the

lymphocyf262A giiteith Ranp seattaor paRrebihe. ssleeoaans Jm Gy bniRgHod WHhMESenor. [0273]
Each asspyLisedanaitesios, g iagat atiaofA40:tony, Brkg/i: i ARtRodyn ARang-hhinciiation in a

humidified incubator at 37C, 5% CO2. the plates were removed from the incubator, allowed to reach
room tenfateduie thenel Heafpserntiibyen NECHY Ry e hbE SN B se gttty th<IBY Kit
according{@ masufacturer's protocol. The percent of lysis for each sample in 6 replicates was
determined using the following formula: % Lysis = [Experimental - (Effector + Target Confront x 100
(MaimuR AT DTl i DT I B Ml iar 21 A FESEHSI6 Iysis)

obtain_ed ity Dgudbas\ihe ﬁﬂ&@f&ﬁ!h@%&ﬂﬁ%&@ﬁ@&%ﬁ@ FAEH J0RAk ﬁ@g;ﬁ‘ﬁff?@ﬁ%wween YDE
and either v-mab or V102Y was statistically significant (p<0.0001 for donor 009; p<0.0002 for donor

006; p< CB2>BAGEheRbTaeTHEIRdIER e PibRRIRATIa Hitpvinobdad aéfrdtSstatistically
significanfeEhRiiReRYRakPATRI (T34y19G) showed minimal ADCC.

B. Variant YDE

[0264] YDE is a mutant of V102Y with two 2 amino acid mutations on the CH2 domain of
Fc: S 239 D (TCA - GAT) & 1332 E (ATC -> GAA)

[0265] Like V102Y, CDRH3 in YDE is STYYGGDWYFDY (SEQ ID NO:21).

Vector construction and cloning scheme

[0266] Six primers were designed for the two amino acid mutations:

5’ Pstl-Fc (20 mers)
5" CTCTGCAGAGCCCAAATCTT (SEQ ID NO:26)

3’ S239D (23 mers)
5" AGAGGAAGACATCCGGTCCCCCC (SEQID NO:27)
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Donor 009 Donor 006 Donor 001 v-mab 36.7 3.7 21.1 42525 +4.3V102Y 33.4 7.724.2 2.747.5

0.5 YDE 54.5 2.7 31.5 3.658.3 3.3h7341gG 4.2 2.6 0.06 3.5
WO 2010/011697 PCT/US2009/051321

5> S239D (23 mers)
5" GGGGGGACCGGATGTCTTCCTCT (SEQ ID NO:28)

3’ 1332E (23 mers)
5" ATGGTTTTCTCTTCGGGGGCTGG (SEQ ID NO:29)

5’ 1332E (23 mers)
5" CCAGCCCCCGAAGAGAAAACCAT (SEQ ID NO:30)

3’ Pstl-Fc (20 mers)
57 ACCTGCAGGCGGCCGTCGCA (SEQ ID NO:31)

[0267] The cloning scheme was as follows:

DNA template: 1826-SV3 (an in-house staging vector)

PCR#1: S’ Pstl-Fc & 3° S239D primers-> 207 bp
PCR#2: 5> S239D & 3’ 1332E primers-> 303 bp
PCR#3: 5" I332E & 3’ Pstl-Fc primers-> 477 bp

[0268] Each PCR product was gel-purified, mixed in equal molar concentration to obtain

PCR#4 (941 bp) using 5’ Pstl-Fc and 3’ Pstl-Fc as primers. PCR#4 was cloned into pPGEMT

and confirmed by sequencing. The fragment was then digested from pGEMT with PstI and
cloned into an intermediate vector, 1826-SV3, which was also digested with Pstl. Ligating
PCR#4 cut from the staging vector with Eagl with the Eagl-restricted V102Y-hA20-1gG-
pdHL2 completed the construction of the final YDE-hA20-pdHL?2.

Transfection and protein purification

[0269] The same procedures as described above for V102Y were used to obtain the
production clone for YDE, which was purified from cell culture by protein A, and its purity
shown by SDS-PAGE and SE-HPLC. YDE was shown to have enhanced ADCC compared to
either v-mab or V102Y.

C. Variant v-mab-DE

[0270] v-mab-DE is a Fc variant of v-mab, with the same amino acid mutations on the CH2
domain of Fc as YDE. The same primers and cloning scheme as described for YDE in
Example 2 were used in the construction of the expression vector v-mab-DE-hA20-pdHL?2,

which has not been transfected.
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4.2 2.8 [0275] All of the COMPOSITIONS and METHODS disclosed and claimed herein can be
made and used without undue experimentation in light of the present disclosure. While the
composition¥ aRdMEHIds have been described in terms of preferred emb&GiFAEPRLIUT YO
2010/011697PCT/US2009/051321 apparent to those of skill in the art that variations maybe applied to
the COMPOSIT/GNGang MEIHARE wafiandihe steps or in the sequence of steps of the METHODS
described herein without departing from the concept, spirit and scope of the invention. More
specifical§R TErtaibEQasisythals e oth-ahe mitally aBdaily Shalayically welateth @byt h@ substituted for
the agents described herein while the same or similar results would be achieved, All such similar

substitut€§ S duIE Aorsasiamasiad BOLL dhete iRne L h B /a SEHRs Dl RARER: spirit,

scope angrfonceptafithetevartion pamedelingg fy taeiapnanteshasing 4Q8#e] Iisapplication is
based on and claims priority to United States Provisional Patent A];[lg)lication Serial No. 61/082,399,

filed July'84SI 3B BINB SERECHRAh D ROy HioprRatiorm felehtifety, including the drawings,

claims, ajop¢ spesitiaation thesea M ineNERAI@Rshheheind I efefenes. Blcadditinrirthe gartent of all
articles, patents and patent applications referenced herein are incorparated in their entirety. What is

claimed iBPHTRZRLHBES SPRRVEUIAL Y cHMteRERIPAAMRTD Y Whir-Be YN ndy BAEHHEEN-binding

fragmentthereaheANPTIBNGvetaking #bieRak RN QR8I0 RetALhsdiutionphecthird complementarity
determining region (CDR) sequence of the hegvy chain of a chimeric or humanized or human

anti-CD20 RTEBEIYSY 2rtbed BiRMSradrbhiHET 48 18 i AREIER B i £51B6dy or antigen
binding fragmyniteareshywhedein éheaubaitution e840 & leasiong isTimyssicharagtaristic
selected from the group consisting of a slower off-rate, slower antigen dissociation rate, higher CDC
activity, HRFAEAN iR, R aep Y detivdy (Gréater BBl t6 mErRe eai@authein vitro in the
absence igf-ghass: inking ansaseriebabilia kilker inbibia e gromitrgf GBROResitive.sesn Vivo
when administered to a subject with CD20-positive cells, wherein the CDR sequences of the

>UD) . ! .
unsubstitflEIUARCCEIY AN SRy BH ARG B HAGHERtREMRSPLOHRBIRSE TRE ight EHaM CDR
sequencesdh iRl RASSSIa¥ i a3 BEeHMINEY ukine BR EQ16WipNoNmileEQ ID NO:2) and CDRL3
(QQWTSNPPT; SEQ ID NO:3) and heavy chain CDR sequences CDRH1 (SYNIVIH; SEQ ID NO:4),
CDRH2(AIYPGNGDTSYNQKFK and CDRH3(STYYGGDWYFENV; SEQ ID NO:32)
and wherein the substif@t H (VLS LRVt AR LR et position 101 of the
heavy chain CDR3 (CDRH3) of the EisasaneeL (oo 2. The method of claim 1
wherein the CD20-positive cells are B-cells. 3. The method of claim 1, wherein the substituted
antibody comprises an arginine residue at Kabat pasition 94 and the aspartate residue at Kabat
position 104/ EF R APFISrE BB HRRIERES ARSI Feates AFKAPA! BRSHEA YA BoHEAihod of
claim 1, wihesete iheosh Bstied avlibadyen fagmant tekeohds hbfebindiDg o CEXROrof fstximab. 5.
The method of claim 1, wherein the substituted antibody is veltuzumab. 96 6. The m Bmd of claim 1,
herein SERAIHANH T SRR foP AR APARRS LO K PR B LR SRTBELE Ao
slower diggcfatiaon@te ) tmaattfeiors astibasdyviraad hi?01 02 Yawnetwdtafiimgioying a chimeric or
humanized anti-CD2Q antibody or antigen-binding fragment thereof prising making at least one
amino aabggi?t?&?futﬂé%eimﬁ@?hﬁP&l%ﬂWé%&%&ﬁﬂ?&&f&mﬁﬂﬁ%ﬂ %ﬁﬁﬁ(CDR) sequence of the heavy
chain of a chimeric or humanized anti-CD20 antibody or antigen binding fragment thereof to make a
substituted antibody or antippsindiy fragmehthgseodowherein thecswbstitution resuylts in at least
one impgrouyaghcharacteristi¢ sgleated;from the grgup£qnsisting of pglawey gff-rate, slpwer antigen
dissocigtipnyage, higher CDGagtiviy, higher ADf3G aciiyity, highef gpgpigfie activity, greater ability to
induce ¢gjigieati i vitro in 'rgg'gb_rsggce of cro.s;;'higski@g5 %nd great ,%ggjiig_yslg kitrorinhibit the growth
of CD2( _ﬁ?‘iti\étibc“b T Viy Lﬁ\ﬂl_‘pﬂ.éﬂdmil|ibtcltn6‘§q]_bj.%)jcbt with Q-zusbltivc cetts, wherein the
substitutea-ant-EDb20-antibody-orfragment thereotcofrprises-the tightehain€bR-sefuences CDRL1
(RASSSVSYIH; SEQ ID NO:1), CDRL2 (ATSNLAS; SEQ ID NO:2) and CDRL3 (QQWTSNPPT; SEQ
ID NO:3) and heavy chain CDR sequences CDRH1 (SYNIVIH; SEQ ID NO:4), CDRH2
(AIlYPGNGDTSYNQKFKG; SEQ ID NO:5) apd CDRH3 (STYYGGDWYFDV; SEQ ID NO:6). 8. The
method of claim 1, wherein the humanized anti-CD20 antibody comprises the framework region
sequenc§@2G5ihalhofmbniZ OVERDSCDEN & rtldddy, TdpCIdSzdistddsedratibctameitankiteganrbsequences
of the humapized ant;CRA0.aatiady, yeltuzumab, 8. The spathod.of daim . whetgin gupstitution of
aspartaten%r the asparagine residue é(tp Rabat position o Pestit?'iv &h ncreasein

complementyasyiendentdytatexdsity of Randiesetibeekipased tofthe fmttabetybodiments, it is
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10. The method of claim 1, wherein substitution of aspartate for the asparagine residue at Kabat
position 101 results in a 30 to 40% reduction in EC50 in complement-dependent cytotoxicity of Daudi
cells expos@¥Q3tHEAHMFody. 11. The method of claim 7, wherein the CDXBAsa0W0/081IR2 hre B-cells.
12. The method of claim 7, wherein the substituted antibody comprises an arginine residue at Kabat

position Y4 archthe MoRAURIRIIERIAHE At HaPaLRasiiemADfopmRan anic it oLiTitaaraiane
residue at Kabagt)'ﬁosition 94. 13. The method of claim 7, wherein the substituted antibody or fragment

thereof inibiSIBRdiAgkécisziees Aturimascaraneaf niern o e dEHORRSKkHivrd debdttuted
antibody {gi il aupasth « kool e mstBad, b AiRIM I scpe i subRtitHtan MiRsRaEtatR Ay asparagine at
Kabat position 101 resuFts in at least a two-fold slower dissociation rate of the anti-CD20 antibody from

CD20. 16T 4EthdddrErbrityhgrdrelly hdebrisfietbeebisA enandsratheieteddm sty are
identical tadhe GIRiBRIHERGES Bl @ RN AtlimRZ0@ntiRakyud e ThasnathadiafelaimmTiawherein

the humanized anti-CD20 antibody comprises the framewaork region sequences of the humanized
anti-CD 23 B ARt IS H AR s PR R A RIS ACKELEH s R At h kISP aibranis R Sfti-cp20

antibody sygtiuzetpandléntbs: Brathod @inelaims/drnesedy sbsiiution i aspartate for the asparagine
residue at Kabat position 101 results in an increase in.complement-dependent cytotoxicity of Daudi

cells expH¥e@loltHe WmisBHY" TS 21¢E ARt BREIBTAT UMb Saldet oM IPapEHERE for the

asparaging pasidim StKaab pesitien3Lol fiesuiiaya 3009, 4006 sedusiion o mEPRAIAty

complement-dependent cytotoxicity of Daudi cells. exposed to the antibody. . .
applicafion 1n 1ts entirety, inCluding the drawings, claims, and the specification thereof, is
incorporated herein by reference. In addition, the content of all articles, patents and patent

applications referenced herein are incorporated in their entirety.



What isclamed is;

1. A method of improving a chimeric or humanized anti-CD20 antibody or antigen-
binding fragment thereof comprising making at least one amino acid substitution in the
third complementarity determining region (CDR) sequence of the heavy chain of a
chimeric or humanized or human anti-CD20 antibody or antigen binding fragment
thereof to make a substituted antibody or antigen binding fragment thereof, wherein the
substitution resultsin at least one improved characteristic selected from the group
consisting of aslower off-rate, slower antigen dissociation rate, higher CDC activity,
higher ADCC activity, higher apoptotic activity, greater ability to induce cell death in
vitro in the absence of cross-linking and greater ability to kill or inhibit the growth of
CD20-positive cellsin vivo when administered to a subject with CD20-positive cells,
wherein the CDR sequences of the unsubstituted anti-CD20 antibody or antigen-binding
fragment thereof comprise the light chain CDR sequences CDRL1 (RASSSVSY IH; SEQ
ID NO:1), CDRL2 (ATSNLAS; SEQ ID NO:2) and CDRL3 (QQWTSNPPT; SEQ ID
NO:3) and heavy chain CDR sequences CDRH1 (SYNMH; SEQ ID NO:4),
CDRH2(AIYPGNGDTSYNQKFKG; SEQ ID NO:5) and CDRH3(STYY GGDWY FNV;
SEQ ID NO:32) and wherein the substitution comprises replacing the asparagine residue
at Kabat position 101 of the heavy chain CDR3 (CDRH3) of the antibody with an
aspartate residue.

2. The method of claim 1 wherein the CD20-positive cells are B-cells.
3. The method of claim 1, wherein the substituted antibody comprises an arginine residue
at Kabat position 94 and the aspartate residue at Kabat position 101 forms an ionic bond

with the arginine residue at Kabat position 94.

4. The method of claim 1, wherein the substituted antibody or fragment thereof inhibits
binding to CD20 of rituximab.

5. The method of claim 1, wherein the substituted antibody is veltuzumab.
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6. The method of claim 1, wherein substitution of aspartate for asparagine at Kabat
position 101 resultsin at least a two-fold slower dissociation rate of the anti-CD20
antibody from CD20.

7. A method of improving a chimeric or humanized anti-CD20 antibody or antigen-
binding fragment thereof comprising making at least one amino acid substitution in the
third complementarity determining region (CDR) sequence of the heavy chain of a
chimeric or humanized anti-CD20 antibody or antigen binding fragment thereof to make
a substituted antibody or antigen binding fragment thereof, wherein the substitution
resultsin at least one improved characteristic selected from the group consisting of a
slower off-rate, slower antigen dissociation rate, higher CDC activity, higher ADCC
activity, higher apoptotic activity, greater ability to induce cell death in vitro in the
absence of cross-linking and greater ability to kill or inhibit the growth of CD20-positive
cellsin vivo when administered to a subject with CD20-positive cells, wherein the
substituted anti-CD20 antibody or fragment thereof comprises the light chain CDR
sequences CDRL1 (RASSSVSYIH; SEQ ID NO:1), CDRL2 (ATSNLAS; SEQ ID NO:2)
and CDRL3 (QQWTSNPPT; SEQ ID NO:3) and heavy chain CDR sequences CDRH1
(SYNMH; SEQ ID NO:4), CDRH2 (AIYPGNGDTSYNQKFKG; SEQ ID NO:5) and
CDRH3 (STYYGGDWYFDV; SEQ ID NO:6).

8. The method of claim 1, wherein the humanized anti-CD20 antibody comprises the
framework region sequences of the humanized anti-CD22 antibody, epratuzumab, or the
framework region sequences of the humanized anti-CD20 antibody, veltuzumab.

9. The method of claim 1, wherein substitution of aspartate for the asparagine residue at
Kabat position 101 resultsin an increase in complement-dependent cytotoxicity of Daudi

cells exposed to the antibody.

10. The method of claim 1, wherein substitution of aspartate for the asparagine residue at
Kabat position 101 resultsin a 30 to 40% reduction in ECsy in complement-dependent
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cytotoxicity of Daudi cells exposed to the antibody.

11. The method of claim 7, wherein the CD20-positive cells are B-cells.

12. The method of claim 7, wherein the substituted antibody comprises an arginine
residue at Kabat position 94 and the aspartate residue at Kabat position 101 forms an

ionic bond with the arginine residue at Kabat position 94.

13. The method of claim 7, wherein the substituted antibody or fragment thereof inhibits
binding to CD20 of rituximab.

14. The method of claim 7, wherein the substituted antibody is veltuzumab.

15. The method of claim 7, wherein substitution of aspartate for asparagine at Kabat
position 101 resultsin at least a two-fold slower dissociation rate of the anti-CD20
antibody from CD20.

16. The method of claim 7, wherein the CDR sequences of the unsubstituted antibody are
identical to the CDR sequences of a murine anti-CD20 antibody.

17. The method of claim 7, wherein the humanized anti-CD20 antibody comprises the
framework region sequences of the humanized anti-CD22 antibody, epratuzumab, or the
framework region sequences of the humanized anti-CD20 antibody, veltuzumab.

18. The method of claim 7, wherein substitution of aspartate for the asparagine residue at
Kabat position 101 resultsin an increase in complement-dependent cytotoxicity of Daudi

cells exposed to the antibody.

19. The method of claim 7, wherein substitution of aspartate for the asparagine residue at
Kabat position 101 resultsin a 30 to 40% reduction in ECsy in complement-dependent
cytotoxicity of Daudi cells exposed to the antibody.
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