SAntibody Formulation RELATED APPLICATIONS [0001]This application claims the benefit of U.S.
Provisional Patent Application No. 61/288,535, filed December 21, 2009, the disclosure of which is
hereby incorporated by reference in its entirety for all purposes. 10 FIELD OF THE INVENTION
[0002]This invention is directed to a stable aqueous pharmaceutical formulation comprising an
antibody. 15BACKGROUND [0003]In the past years, advances in biotechnology have made it possible
to produce a variety of proteins for pharmaceutical applications using recombinant DNA techniques.
Because proteins are larger and more complex than traditional organic and inorganic drugs (e.g.,
possessing multiple functional groups in addition to complex three-dimensional 20structures), the

formulation of such proteins poses special prqb - FQr a pretein to remain biologically active, a
ay Al PRSI £ anA Rl
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formuldtion must preserve intact the confoimational’i egn'fy ol &t least a core sequence of the

protein's amino acids while at the sameREna MOEaR fesroteass multiple functional groups from

degradatio o@oﬁﬁra‘?'?‘“Oﬁxﬁﬁthwﬁyéiéorﬁmgi&% d%”%%‘z}"e‘%“(fts? ?&%%%'Qél%%{%%%[ﬁe1%m%r}¥ process
which involves modification of the protein by bon 25 formation' or c]eavage res ﬁng IN"a new
chemical entity¥ b2 physicdllmbtadsititb e 4., T gesdnakeuhigheyhocties Istreiciunswpone rbgein).

Chemical instahility ﬁf"fﬁsr&ﬁﬂjét?%?amg?e@”’ racemization, hydrolysis, oxidation, beta elimination
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or disulfide exchange. Physical instability can result from denaturation, aggregation, precipitation or
adsorpflon, for example. The three most common protein degradation pathways are protein

aggregation, deamidation and 30 oxidagigr. & 8landigt pirCEkiealdReviews in Therapeutic Drug Carrier
Systems 10@486 307-377 (1993). [0004]Included in the groteins used for pharmaceutical applications

are antibodi#89%An  exampi& BT E A IGERFELdf FEIRGARISH S RIKEHITSBIS A WRIEH BN to
anti-VEGF. chhgiesis ganegdisdine art for a stable aqueous pharmaceutical formulation comprising an
antibody, such 35as an anti-VEGF antibody, which is suitable for therapeutic use. SUMMARY
[0005]The invention provides stable agueous pharmaceutical formulations comprising

15 BACKGROUND

[0003] In the past years, advances in biotechnology have made it possible to produce a
variety of proteins for pharmaceutical applications using recombinant DNA techniques.
Because proteins are larger and more complex than traditional organic and inorganic drugs
(c.g., possessing multiple functional groups in addition to complex three-dimensional

20 structures), the formulation of such proteins poses special problems. For a protein to remam
biologically active, a formulation must preserve intact the conformational integrity of at least a
core sequence of the protein's amino acids while at the same time protecting the protein's
multiple functional groups from degradation. Degradation pathways for proteins can involve
chemical instability (e.g., any process which involves modification of the protein by bond

25  formation or cleavage resulting in a new chemical entity) or physical instability (e.g., changes
in the higher order structure of the protein). Chemical instability can result from deamidation,
racemization, hydrolysis, oxidation, beta elimination or disulfide exchange. Physical mstability
can result from denaturation, aggregation, precipitation or adsorption, for example, The three
most common protein degradation pathways are protein aggregation, deamidation and

30 oxidation. Cleland et al Critical Reviews in Therapeutic Drug Carrier Svstems 10(4): 307-377
(1993).
[0004] Included in the proteins used for pharmaceutical applications are antibodics. An
example of an antibody useful for therapy is an antibody which binds to anti-VEGF. Thereis a
need in the art for a stable aqueous pharmaceutical formulation comprising an antibody, such

35  as an anti-VEGF antibody, which is suitable for therapeutic use.



a therapeutically effective amount of an antibody, optionally, not subjected to prior lyophilization, a
buffer maintaining the pH in the range from about 4.0 to about 6.0, and an 5optional surfactant,
methods of making the fminulation and methods of using the formulation. [0006] One embodiment of
the invention provides a stable aqueous pharmaceutical formulation, the formulation comprising a
therapeutically effective amount of an antibody @ ;amasginine buffer, pH 4.0 to 6.0. In some

embodime the buffer js an arginine acetate 10buffer, pH 4.5 to 5.5. |n.some embodiments, the
buffer is anr}?p ﬁsi‘ ﬁrg dﬁp Lr}

Jiine acethts BUREIOHRIA K %Rl AWSRYS RIATRMARERALS RFBURIES AR SHine
acetate buffer, pHa5i2rdpesand edfifeodiments;nthe’ argintibe BCigiaiadoncentiatjendsn therdauffer is from
about 25 mM tg about 25 . In some embodiments, the arginine actetate conceptration in the
puffer s romUB L S R0T i Tt i e R ST R A
concenfratioptipngl sutfBckuftandthirdne AibeiunZ Shmivirtouiitionta28 0neiM dhoS ose ¢mbfodimletits,. the
arginine actetate concentration in the buffer is from about 100 mM to about 250 mM. In some
embodiments, the arginine acetate concentration in the buffer is from about 120 naM to about 240

mM. In som8@isleamerhadipenbedihne wesereeoiksestidn Jauebpifferirefisisehbout 150 mM to

about 225 minil88ReneTRRd meR S e arginine assiate cragenilation iR the Auffenisighput 20 200
mM. In some embpodiments, the formulation further comprises a surfactant. In some embodiments, the

surfactant i€hYFEGH AT REHE Enidbalmenits srbBIERibhate b iRISEraENDS, 4 Ebme
embodimertis{idepsiufactant coneentsatin dsitam, th0001R toabosihhO%etnsnreepbodiments, the

surfactant copcentration i%gré)nrq_% o%:[ .01%.to about 0.05%. In s%me %rln%wgdi{nents{_‘, the surfactant
concentration is D 0485 TA°SGHE B BS A HShtE, Hha SE AR ARSAY CBHERiAtion 18 #8R about 10 mg/mi
to about 256nrhgdmichissthme emboditantsptiverdamntibody heohkiratibons: frarm2aboiv 26:bogiml| to 200
mg/ml. In sg bﬂldég;g@ Soth g-]%nmgo‘% goncentr “'%n i flg m, lgout.?; [l to 175 mag/ml. In
some emboc%iment's, the antlgbo y 1(:o’?ic“e’n'tratf%gi |ls.erog‘rt:%1l aeo%l(}t %r%g]%ﬁ}o%a%ﬁ%féﬁ%moaﬂ%ﬁ some

embodiment8 1ehé tariilstly SEondEntraworr infhodirabont 76 At wrisbouedRE o irfisome

30embedimgnisy i @RUBAGY,SRCLRIAIANISITAM. abalha M IIHh AP0 ma/rplln some
embodiments, the arptlbmls not sub%ect to prior quophlllzatlon. In some embodiments, the antibody

binds VEGETREGHER MObaRHERES dfdehipabrYbAP aHtibdayomesorhedmBidtiments, the

monoclonakigniikadydsctil tengthrantihegdind maame asbadinents e menaglonahantibgdy is an
IgG1 antibody. In some embodiments, the monoclonal antibody 35is. a humanized antibady. In some
empodimet R A ATEEH o BB AL Kb gL Ang region
In some emibodirizhtaMhdnasatibocytfcdgmeatt ibanFgier deahe) 2ofragmenis in gerbefémbadsnents, the
monoglpnalapibadybinds. VEGR: . some empedimenta. e antibady.is bevacizumab, In some
embodiments, the monoclonal antibo y'is suscept@l'blf)e to aggregation. In 'some emboalments, the
buffer is 2000nhMiEmgint S awstatenpid 155 s tsu tiasvarst sgpodysontatddmaelmsarhaigns of about

0.01-0.1% viy anhihe Jormulaionis Siahle.at demReraes RLARRLAOG Jor hieast 28.gays: In some

embodiments, the formulation is sterile. In some embodiments, the formulation is stable upon storage
at about 40E%6r &t reESt YBAALJECHH SHMBIERRIBHAPRISIS TR BT bt Ad Uetsud apid i85 %.
administereg t@RsURIRGABSQME ambagimententhgifarmulaian is RHPYAYEARKS M he

10subg taneo,l}is SQ) or intramusgrulaéa(ilM) admi i?tration. In_.some embodiments, the formulation is
for 1V ZcimidRPRHS SRR AdD a5 LB i O b BUPE g TBBRRRSBE ig/m1. In

some embadinetitadhefesmdationsigdar Iboadddinigtratiorconehthelantionly soneapicatioms from
the antibocy LRSSt A 1 o ABBTSD FoaMaC L AB4LH T i Th SelFe 2 iBtiments, e
formulation dstfopdy cadnsirtistration{wmd dheit 50 mg/ml to about 150 mg/ml. In some embodiments,

the antibody concentration is from about 75 mg/ml to about 125 mg/ml. In some

30 embodiments, the antibody concentration is from about 25 mg/ml to about 100 mg/ml. In

some embodiments, the antibody is not subject to prior lyophilization. In some embodiments,

the antibody binds VEGF, In some embodiments, the antibody is a monoclonal antibody. In

some embodiments, the monoclonal antibody is a full length antibody. In some embodiments,

the monoclonal antibody is an IgG1 antibody. In some embadiments, the monoclonal antibody

35 1s a humanized antibody. In some embodiments, the monoclonal antibody is an antibody
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antibody concentration is from about 75 mg/ml to about 125 mg/ml. In some embodiments, the
formulation is for SQ administration and the antibody concentration is from about 10 mg/ml to about
250 mg/ml. In some embodiments, the foiniulation is for SQ administration and the antibody
concentration is from about 25 mg/m1 to about 175 mg/ml. In some 20embodiments, the formulation is

for SQ adminigtiatianapdsing andiitody-eantenteaiien is {om abbodidRmyin iembaytrbbtheng/ml. In

some embaqdiments, the folinulation is for SQ administration and the antibody concentration is from
hout 75 RS AbGU A SEFR N TS5 EBReALS TRORRIERCIS B3P S ebimiGiration
and the antibody:chodantnadioheisitibod abdutvi8amgan Iteabo umBb6imgys) thinsemeaenabodiments,
the foimulation is,for IM 25administration, and,the antibqdy, concentration. is. from akhout 25. mg/ml to
ot 175 e D D A R oy
concenfratieveistéoirhiaboie S0Taetpmizpelbeubas oy smountsortmeriBdin énty tad themulation is for

IM adminisiialianape e ANBoduANSERUBHANL3 T ARAVICLS MAlIL giahgut 125 mg/ml

[0007]Another embodiment of the invention provides an article of manufacture 30pom@§rising a
container hebAgRGEbIBe gL PHEHisEEe UHCKITG PRtagioRe B nip?i Sy Bty dpEtRic AP R flective

amount of ap,aRtkedY-RREOIRING acstatedyiferfieme-abmiRHAS 18-abautR HRd @ sfactant. In
some embodiments, the antibody concentration is from about 10 mg/ml to about 250 mg/ml. In some

embodimerfi&d &GS IS eaRstidh SO RTRBBHR S RPN TEUSBE g At LTS ReEs (1V),
embodimenishditenaniibly) coneentraionigiivoradatiout-36&0 MylmnibdenF&imgml.tr some
embodiments, the antibady, concentration is fr about 50 3 mg/ml to about 150 /ml. In some
o bodimer e S A e ol S b ot 0
embodimerdisythasémipody bosmentratiodins:frionthaboutdstemisibtd dlhdomidie@atmy/mid thsome

embodimenjs e, ANtiaas. st suBischto RYiBruaRbilgation-insae ebodimenisy . antioody

binds VEGF. In sdme embodiments, 5 the antibody is a monoc | antibody. In some embodiments,

the monocldiafoamtilsoey is @l rshgih dmtioo dpd hsomboshpodivnBpiontievBrbeld FA aaiBody is
an I9G1 antibady Insgome e Medimentsotis mrnacianal antibodyrs amanizedantikogy. In some

embodiments, the monoclonal antibody is an antibog%)fragment comprising an antigen-binding region.

In some enfBYARAEAMECEREHINIS FPRAGRE AP IEE BAI PRYalb X 1t RIS SRR eMhodiments,
the monoclenatamningdy. RifslsSCEGRi REMHEe LMHRANIEHES, dbe:antibngyiisbavasaumab. In some
embodiments, the monoclonal antjbqdy is susceptible to aggregation. In some embodiments, the
oG BT KRR a0 SR i e TN Ao S 2L 805 AT BTG
embodimenisq the agindyecantetataiconcéatrationtinsthes buifferaisofroriiatgut 5Gmsbrio about 250 mM.
In some embodiments, the arginine actetate concentration in 15.the buffer is fro out 75 mM to
amout b0 T s L S R B R B o
100 mM to abuts93aemiol absuims @mpodinenestrarbedimaeiacetdtensdntentatoFth the buffer is
from about 1 20: M0, BRNZAD Ay Do5Rme AP AHIENIS. 19 HA RN AEBIALE26aRE fALIHoN in the

buffer is from about 150 mivl to about 225 mM. In some embodiments, the arginine acetate
concentratié?if EEAiERtS disoaralsim M R surenarnimehies mERIGITPRCENEaE Buffer has
a pH from abgutAterheLh b « b SOFERRNADAIMRRtE hB.AISMNG Acstateumdiaribas awpH from
about 4.8 to about 5.4. In songe erg{Lkéodiments the args‘igineagcetgte buffer has a pH of about 5.2. In

|

some etbAfTHEHEHAR B A% RIS SRRGTHERTS AT i REAES (AR PO YR SPB AR i

polysorbates2fle kntoxtieembddifentsatbe sutfas@ateoriceniration ihranitdO0etaabalit 251.0%.

In some emr[lé)odi( ents, the surfactan centration is from about 0.01% to about 0.05%..ln some
embodiments, crlgcslﬁgr gc‘ %S igonékéor%%[rgggr?g%?o 95 nes%%%cgrrrﬁ n(%%ji]fhl%%ﬁ g,nﬂ?%l (%irrlﬁu?étll%ﬂn is sterile.
In some enisdimsentstheddromuiaboly isostabiertpon Soragmat HoogtmOe fbewtl2astgaldays. In

some emb%%?f'ts’ the.&%@ﬁfé@iﬂﬂ&&iﬁgﬁ'ﬁeﬁ%ﬁﬁﬂ%ﬁmn provides an article of manufacture

30 comprising a container holding a stable aqueous pharmaceutical formulation comprising a
therapeutically effective amount of an antibody, an arginine acetate buffer from about pH 4.5
to about 6.0, and a surfactant. In some embodiments, the antibody concentration is from about
10 mg/ml to about 250 mg/ml. In some embodiments, the antibody concentration is from
about 25 mg/m! to 200 mg/ml. In some embodiments, the antibody concentration is from about

35 30mgmlto 175 mg/mi. In some embodiments, the antibody concentration is from about 50
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administered to a subject. In some embodiments, the folmutation is for intravenous (1V),
30subcutaneous (SQ) or intramuscular (IM) administration. In some embodiments, the formulation is
for IV administration and the antibody concentration is from about 10 mg/ml to about 250 mg/ml. In
some embodiments, the formulation is for IV administration and the antibody concentration is from

about 25 mg/gkia AR 135G HSARE-AHALMERS S feaHIRLaRIS T MAdmiistration and

the antibody concentration is from about 50 mg/nil 35to about 150 mg/ml. In some embodiments, the

. 0 .
formulation 1 To# T SorRMHstEtEs HHd the R EBGas EGHER fiFA RS asY ARCAB BTSRRI to about
125 mg/mt.dsysomegmbaeskpentsothe deimutatiandsin $Q akminisiratiemanddhasetibady

concentration is from.about 10 mg/mt to about 250 mg/ml. In some diments, the formulation is for
S0 acmini< g BB g SRERRTAHOn TSR PADO S8 Tarb (BB TS MEFHIE m some
5embodimehtsyrtieotizl il ulatiomdtoted SEtadministoatio oneyd thenas) tilbochy eahoer tradiontisifrom about
50 mg/m1t out.150. ma/mt, In some embodiments, the foimulation is for dministration and the
antibody cone ol LB 7e e P R R S RS
formulation senfiorcivpeiiministtatormaedaid aritiddysconoantiatibanisbirdyn Bbeumd Onbegmicigabout

250 mg/mt. | Some. eIIP QSRS the.JapuAHon 8.9 o%&%gq}l%?ﬂi@%%mﬁg%%ﬂﬁﬂOdy

concentration is from about 25 mg/ml to about 175 mg/ml. In some embodiments, the formutation is for

SQ administPAtforrRAgRR EnHIs G keshcEreragivrisia o abieht 5O+t {8 8588t 150 mg/ml. In
some gmbagimantseiRedermiationas-tanbl administtationapsh the.spiikadyCoRGRmEalipn is from
about 75 mg/ml to about 125 mg/ml. [0008]A further embodiment of the invention provides a method
for stabmzi%@ﬁ%aﬁ‘ﬁda&w aﬁl%ﬁﬁ@&ﬁ@»ﬁh&%&%@ﬁﬁ&ﬁ%ﬁ?ﬁnéﬁaww%%ﬁﬁ&%e&wapeumm|y
effective ampunhetanahiRedy tanaiginneacetadenbeitenisonm akaiffiidfoto sou6 fhand a
surfactant. IarlmJ Osotnjg embodiments, the Iantlb%dﬁlconcentratlon is from 3t?out 10 /{rl%]a%glg to.abhout 250

mg/mt. In s&Me émbodimen gf*{ﬁg%?] r(])n&? c’on%éﬂfﬁ}%]ﬁgﬁa%e r})en%{)a ot "ﬂ?r}ﬁa Eﬁdsmé)]%t. In
some embaoditne hsptrigaasitibodycondemration isthahmabtuti@Gigmginet 40<#b @Acagiailotnsome

embodignenys, ﬁﬁﬁ‘é@é?ﬁB%b’a%%ﬂF%%ﬂ?@ 15 dte%y @‘Eﬁ\%? 99 &%/?’%1585% QHEs 1@% %%?ﬂ%le Inspme

embodiments, the antibody concentration is from about 75 mg/m1 to about 1 mt. In some

embodimerfeu¢priranbstipe ontentsdtion droaPapddtte 3hag/ Ayl mMbousaDe gLtk Some
embodiments, fheanthadyds taHRiRet PRIk RNilizatins N SPme emRedimantsyihe,antibody

binds VEGF. In some embodiments, the antibody is a 25monoclonal antibody. In some embodiments,

the monoclSAEFSITR)Sats 1R EHBIE SREBERPIFFESHET M RSHHER S, TR ARMOERSHRPARibody is
an IgG1 antibegy21R seMmeaemhedimeis:dhe, menesianakantiRady dsna-funaniae ¢ aniboayetn some

embodime the mpnoclonal antibody is an antibody fragment comprising an antigen-binding region.
o Somtd erAIB et S A P oA RO 40 G RIS ARG TR St BB ments,
the 30mondcionial sentibadyodinds iy EisFrimseme:embodimeats, iReiantibedy sfevwdcizuirab. In some
embodimerys, the monoglenal anubody:ls suscentiple. te.299ia03tan, 11 sofe. smbodiments, the

: ] eb % %g)ml\? it 250 MM. In some

arginine actetate concentration in the buffer is from about M to about 2
embodimenBbebnagginile swieritetdceonebnodiion i wredhufferdsnfroim dloeoty50rhadd 1 about 250 mM.

In some em Aﬁé&‘%@zéhﬁ]%&jﬂéi&%@ﬁr‘?ﬁ@ﬁ%%@%%%&Q%cﬁh&@&éﬁ@h‘fi@%&%ﬂ‘@ﬁ@(ﬁ@%"d:ﬁ {REM to
about 250 rrtM. In some embodiments, the arginine actetate
25 1.0%. In some embodiments, the surfactant concentration is from about ¢.01% to about §.05%.

In some embodiments, the surfactant concentration is ¢.04%. In some embodiments, the
formulation 1s sterile. In some embodiments, the formulation is stable upon storage at about
40°C for at least 28 days. In some embodiments, the formulation is agueous and is
administered to a subject. In some embodiments, the formulation is for intravenous (IV),

30  subcutaneous (SQ) or intramuscular (IM) administration. In some embodiments, the
formulation is for IV administration and the antibody concentration is from about 10 mg/ml to
about 250 mg/ml. In some embodiments, the formulation is for IV administration and the
antibody concentration is from about 25 mg/ml to about 175 mg/ml. In some embodiments,
the formulation is for I'V administration and the anttbody concentration is from about 50 mg/ml

35 to about 150 mg/ml. In some embodiments, the formulation is for IV administration and the
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concentration in the buffer is from about 100 mM to about 250 rnM. In some embodiments, the
arginine acetate concentration in the buffer is from about 120 mM to about 240 inM. In some
embodiments, the arginine acetate concentration in the buffer is from about 150 mM to about 225 mM.
In sonic embodiments, the arginine acetate concentration in the buffer is about 5 200 mM. In some

embodimentstitbeyargioine acetale-duifeshas aphhfrenhout 4 hdenabpikcens hvsemeembodiments,
the arginine,acetate buffer has a pH from about 4.8 to ahout 5.4. In some embodiments, the arginine
acetate buftBf FAERHERJF chogt?g ARSI aRddBRmRRe ?’t%%%%’?%%l%@fbg e. In some
embodimentsy/thiapsiysoziate ganoliiserhaten2dimsan) ehe fobodiaents, Mhessusthctast-agmcentration
is from 0.0001% to about 101.0%. |n some embodiment e surf t concentration is from about
00196 0 albe 1 CAOE LY SOTe Gl ATa I 28 A AR QIO n somes
embodimerasbibrfientaufztitmisistaries forsdnalembodimeats] theafdiimdiatmedststamidspen storage

at about 400 for 54 lgashiaf M'I%%&}ﬁl?%%mm&%ﬁd&%ég%él%Bﬂllg’[éﬂqg?ﬁ@;d]—ié

administered to a subject. In some embodiments, the formulation is for intravenou

subcutane SIS s st esEriBe NP e istRag SToTmEBowh 6 Samibodiimabryt 1S fagfMialion is for
IV administigfionanddhe-aAntibedysansentiationia fien-ahedbllmeinhiamkouwh289maintsin some

embodiments, the formulation is for IV administration and the antibody concentration is from about 25
mg/ml to abSRE 78S ME T SoA%e S misorisiahtd (o8 o bRgtBRTS e PSR Ao Mnd the
antibotly contemikaiiaor St ahobd SOcoghmk-Abio efou Lot PHAmkh samaeImbediments, the
formulation is for IV, administration and the antib oncentration is from about 75 mg/m1 to about
125 e TR SR b e B o R e L o B AFIEBER
concentratidris fpont Ebowt @Otongiont 16 @baun 256 segimenthosidmra entiftotimehtsothe forfivulation is for
SQ administrafi h tibogak iQn.is:fram abou | toab 75 mg/ml. In some
25embodim‘¥e8?#is§? %ﬁ?&énﬁ%ﬁh%ﬁ%%#g@g%%%%%%{lrﬁt%%f%%%j gﬁ%@@ff&%@%ﬁr}aﬁl&% from about
50 mg/m1 tPeddut 150 mdrritcirabatbresnbeldiméntenihe fopmdtatonadsdisotddhsinistation and the

antibogly cogiﬁma)t&ftmm{% &%@e%@@%&ﬁrﬁ%&h%%ﬁﬂfn&%Qé}h%&f@&%%i@}f‘é&ﬁethe

formulation is for IM administration and the antibod1y concentration Is from about 10 mg/ml to about

250 mg/mt. AR BHABGARAEHS ARES ATGTAIHETdFam Bosbpiiistrame Wil hntibody

concentratin- fsciiam RO LEnPe da2bauiiPadnesiticliSN e ehoginientsyihiferaaation is for
SQ administrgtion and the antibody, concentration is from about 50 mg/mt to about 150 mg/mt. In some
o obgh BT 7

embodimenftg’ & P BB TS IR AR ARSH SAePERE AiMds 498 Vabout 75
mg/ml to abaptdl2h mgiméni0odia]Yet ahothabeaipodimertiof therinvebtion3progitdsaiStble aqueous
sSphagaceyial farmulationcomerising a herapeuiical effectve amount ot ananibady, 2006 mi
arginine acetate buffer at pH 5.2, anda surfactant. m some embodimen s, the a%gbody concentration
is from aboltd Ceigimin v cot@sonwgAthd AnsidrTty epmisodintemts; fhenaitivod§ waroemtration is from

about 25 mgim1 19200 Mo/l snsems.amRAdiments:4he.Anihady.concenatian s fsam,ahout 30

mg/ml to 175 mg/ml. In some embodiments, the 5antibody concentration is from about 50 mg/ml to
about 150 iyl A EbrErambotime ArabeREnsptib BeebbrEn 406 Futy Fb M RERSUY T gL to about

125 mg/mi. i ssepersrbpgiments. dieanibedy cermentrationdsiiesiakawt 4R melmpkigabout 100
mg/ml, In some e Rk;%dimef?ﬁgs, the antibody is not subject to prior lyophilization. In some embodiments,
the an%%od%ﬂ?ag EE R0 BRSNS th ameBaty 18 AHBAG IS AN dittsdRy. In

antibody. In some embodiments, the monoclonal antibody is an 1gG1 antibody. In some
embodiments, the monoclonat antibody is a humanized antibody. In some embodiments, the
monoclonal antibody is an antibody fragment comprising an antigen-binding region, In some
embodiments, the antibody fragment is a Fab or F(ab")2 fragment. In some embodiments, the

30 monoclonal antibody binds VEGF. In some embodiments, the antibody is bevacizumab. In
some embodiments, the monoclonal antibody is susceptible to aggregation, In some
embodiments, the arginine actetate concentration in the buffer is from about 25 mM to about
250 mM. In some embodiments, the arginine actetate concentration in the buffer is from about
58 mM to about 250 mM. In some embodiments, the arginine actetate concentration in the

35 buffer is from about 75 mM to about 250 mM. In some embodiments, the arginine actetate
5



10 some embodiments, the monoclonal antibody is a full length antibody. In some embodiments, the
monoclonal antibody is an IgG1 antibody. In some embodiments, the monoclonal antibody is a
humanized antibody. In some embodiments, the monoclonal antibody is an antibody fragment
comprising an antigen-binding region. In some embodiments, the antibody fragment is a Fab or

F(abl)2 fragsaeatirkigomeemizagiments, dhruimonesionabasiiotynbinds e&Fohn dbrsame
embodiments, the antibody is bevacizumab. In some embodiments, the monoclonal antibQdy is
Suscepitible i AUGHSAE RN S BB i ELfTACEi 20 SR BrAtS Ao 1
embodimerisnthaerpoliisathataisapohisothate Ldsesoari ercmbiedinfénts, fibe sbtdfactahiodrieentration
is from 0.0001% 19 about 1.0%. In some embadiments, the syrfactant concentration.js from about
00156 to.a0N 00T T ot MRS e B B BRO A (B0 0o S e
embodimeritg{ thalfolmuiatiomindtedids, hsergmisedsotiitm b fhve forbhdletiorbéststalote apoh storage

at about 406 Jog AL Jeastof daYS B0 iﬁ@@&%@?ﬂﬁf&hjﬁa@%'ﬁUH{'a%ﬁ‘P&‘.@%’ﬁb%ﬂ%ﬁ.

administered to a sub{%ct. In some embodiments, the formulation is for intravenous (1V), subcutaneous

(SQ) or intrihfAREEEILANN eRifmAR HEATEAC RS Lambudvibsdinidhty thetordulatemss for IV
administratigraahifie2haniibedncansanistion is fam abetk-ma/ml iR rbauhe39 mg,/ml. In some

embodiments, the formulation is for IV administration and the antibody concentration is from about 25

mg/m1 to aBOPAPE GO SRS TREUH i B AT bR PRI SRRy o A0NEH 486RCHhd the

antibody congentrationdstibodiakety, BQ selrtitocabaut:hb0mioiot Ibearne embadimeas the
formulation js for IV a

| g inistration and the antibod% conce %ggi is from aboyt 75 mg/ml 30to about
125 maiml, T SR E BB RetS, HETS TSI S0 A iR o Sd & BntSocly
concentr_a‘;immmiwnabami@ Ingmmleterﬂhnﬁim_%@_, g fimimir som e sribodimestsatkerfabowlation is for
SO aammsiFeaBAntieANned CRTEIAIBRLOM M ARG AR TS Mol I Sorne

embodiments, the formulation Is for SQ administration and the anti oncentration is from about 50

mg/TM to ab8utiBereAdgrasubisériessBerabodiiients, threffomuliace is BfopsEeaenidistration and the
antibogly cogeRRration &EPM hnahkRNt AR MMMIAQiARAYEdES MIME IhEomeaHmhgdiments, the

formulation is for IM administration and the antibody concentration is from about 10 mg/m1 to about

250 mg/mi. RTEBHEBMBBITh adTniME R A PR RO RPAS Fram ¢ iR ARemeRy to
concentrati@Bog: fremhabeut Rosgdmbiadabert kS inafamibn somerembedinentsy e fagmulation is
for SQ 5 administration and the.antibody congcentration is from about 50 mg/ml to about 150 mg/ml. In
sorme e boHHIC NE RH LRGP 1 T S MG IOH 1 e B B E S SRUHRR I from
about 75 nabérfirtowddsout 13 25 hgamhi R0l rdhes emibodynenti-ofthiennydéniio ot it e an]

phar eutical fo ation comprising: (a),a full length 19G1 antibod sceptible, to dcamidation or
e on L e B R T SE S S e,
pH 4.5 to 6 Bridndy ey polistipaie 2onirebentiiocnaif ¢rrbiisuPd . odinto kibontc:nPedimenme

embodiments, & ANtRATY £PREPMIAHANSiI oM ARRUL BN A 209 MY/ Pl IR

embodiments, the antibody concentration is from about 30 nig/ml to 175 mg/ml. In some
embodimen&/ tRe @B dy CBIsCEhtrBtisAT FohAaBELs SONHRMI HsiabsUP1 O Adgrtstintseme

embodimenigq 1& theigntibedi.seneratiationistiem ahouhire melmi tg ahaut 125sma/ml. In some

embodiments, the antibody concentratjon is from about 25 mg/ml to apout 100 mg/ml. In some
embogi?nen‘?gf ra?%&g% Mt Ao B Waﬁﬁﬂ&%wﬂ%e@amx@%%mﬁg@ﬁ@} thE&%htibody
binds VEGRbbussieganbedimeants) e/ antibodyris bevedinemabhdfsomeatmbodinients, the antibody
is a humanized.antibody. In some embodiments,.the argining 20.actetate concentration in.the buffer is
from about S ARl S0 ST ChEB TMADB 2 STAE A ZoMEMlraton in the
buffer is froseabembs0imtsotabur@E0imNg. fir Sdndnembiodinmentd ttherdrgidineactetaten is

concentation i 6, PWISES FAMAeYS TSN 10,2064 250N, SR Sbesimentsyhe arginine

actetate concentration in tRe buffer is from about 100 mM to about 250 mM. In some embodiments,
the ardfhinea@@dtigaation and the antibody concentration is from about 25 mg/ml to about 175 mg/ml. In

some embodiments, the formulation is for SQ administration and the antibody concentration is
from about 50 mg/ml to about 150 mg/ml. In some embodiments, the formulation is for IM
administration and the antibody concentration is from about 75 mg/ml to about {25 mg/ml.
[0005] Yet another embodiment of the invention provides a stable agueous

35  pharmaceutical formulation comprising a therapeutically effective amount of an antibody, 200
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25 concentration in the buffer is from about 120 mM to about 240 mM. In some embodiments, the
arginine acetate concentration in the buffer is from about 150 m1V1 to about 225 mM. In some
embodiments, the arginine acetate concentration in the buffer is about 200 mM. In some
embodiments, the arginine acetate buffer has a pH from about 4.5 to about 5.5. In some embodiments,
the argininemdetateibuteniasdiprhirinsahaut4. Suttaalanutia. dorie semeiBNembodimentsithe
arginine ac%g%te buf ernhﬁ &P% ofia}laout i,[ Inbso%gmrgp iments, the pol .sorbratt 20 is from about
0.01% to abouf??.t(.r) > I SOmé Simbodiren s(,) ?h({empo ysg1 fe 205380 a0 K fSmbodiments,
the formulationbisisteriecrtimasome &mbetimeltsnel fordddiatiomisistabie updndtoragetiat about 40C
for 1 eact 2SI Sama SMBGRUBEnIS, e falaton s aghap G A0d nadmiiered o 2

subject. In some embodiments, phe 35formu Is for intravénous (IV), subcutaneous %Q) or
intramuscul iy aghfeiggasion Hpnsebeatathburinheéntbotié To muitatiom kofar ¢vnimhmkigkation and

the antibody,cQReeRIEAtOR d5:fEenh DUk LA MMMILIQ ALIZRR RN Spmg,gmbodiments, the

formulation is for IV administration and the antibody concentration is from about 25 mg/ml to about 175

mg/ml. In sGBPERSBEiIHEHE bR PRGBSI HINiRS LIS h ARk B HBE- Bncentration is
Sgom abOUEo’i@e@@Bﬁdiﬁ&r%bﬁ% 1BQYNG/ MW Indb SOME ﬁi%ﬁ@ﬁ*i?@'ﬁlﬁ}a&k}sﬂpﬁgﬂkﬂﬁ{@é}ﬂ’é&%{&léﬁts,
administration and the antj ongentration is from about 75 mg/ml to about 125 mg/m1 In some
embodimerﬁé‘f %%%%3%%%5%{5} or%‘@oglfnffm}gﬁgﬁfiﬁsa By %%watl;\ﬁ%tfg%dﬁom about 10
mg/m1Go akbout 26Odigints | thsemeceinbddimients, theffortondaliantiisotor. IQsadminisisatiosmand the
antibody concentration is from about 26 mg/mlto.about 175 mg/ml. In 10some embodiments, the
formultion L B L ARah A oo e T o BT La i T Eabou
150 mg/ml.iredomendrabaitrmsiyts Iitserfadulbibmis fo I8 Qahmlimistratitwand theasuitislydy

concentalgn 5 UArs a2 malmLie ahay. 1284mal SR BRman(s e agmution i fo

IM administration and the anfibody concentration‘is from about 10 m ) | ml. In some
embodimerits® H#& Rtz STt NN somg et araYisaiie Menasiapeldy ibrehtrdtioiFistirdm about

25 mgrml ta,gheekbiaimalil o sema grabedimantss the famulationds.for, 8Q Administiation and the
antibody concentration is from about 50 mg/mL to about 150 mg/ml. In some embodiments, the

formulation 48P IKF SR AR S8R S B O A b Iy R AR BnthS M SHY R 18 BRghaictdtabout
125 mg/ml. {8892 thveidanethe riempbodimeant Rifiestrentim prayvides:aphalinacenticalrZ@farmulation

comprising an antibady that bi GEina inine acetate.buffer at a pH from about 4.5 to
about 6.0 AAN A o SOV E LB ArRC the ARG B9 SEHCE P BRI about 10 o/
to about 25Comgfriaktion semereshbudiriéfitsy thewritibisdy torcentratiodins:fronhabodt@snng/ml to 200

maimbdn seme EmRRA TR & ABiROACANGERTAOn B IRM AROYLAR AT 175 ma/m. in

some embodiments, the 25 antibody concentration Is from about 50 mg m1 fo about 150 mg/ml. In
some embodlbreHmsS e thnfiotyationde ebiom s fromeaso abms Aginpretdboull 28y mglml. In some

embodimenfsthaaRtbac SoRceptralinns fRmM-aRoM2R Meimkia.abgul d@Q-maiml,p some

embodiments, the antibody is not subject to prior lyophilization. In some embodiments, the antibody is
a monoclorfAPBPHIBEH SRR E b FRE S 2YRBOMIAY | STRAUAHISEH(SS soBoTtimTasEHantibody. In
some embaulineatsiiheMenosora asiibesyrienan dgGdrantivedys fo:somasmResiments.the
monoclonal antibody is a humanizgd antibody. In some emb %ﬁnents the monocl n%I antibody is an
antibo%d§ fragh r%iéor%c%’r%cﬁ:ﬁgi?fbogﬁgﬁl igé QB'ItgP(éll Nﬁ@%&%ﬁ%% érfibo ‘é‘i‘i‘[“s?‘fﬁé’ Aty fragment
is a Fab or Batiiiragmerbr [FVscimesmbodiments, dvébadtibodycisrbésadiZtoradholt 36mMe/mI
embodimen(s, (g, Moy '&%1@'1%@8%%‘%(1 odnans U0 BESRIRNAY 1 R0ME ATPadImEnts, the
arginine actetate concentration in the
antibody concentration is from about 50 mg/m! to about 150 mg/ml. In some embodiments,
the formulation is for IV administration and the antibody concentration is from about 75 mg/ml
30 to about 125 mg/mi. In some embodiments, the formulation is for SQ administration and the
antibody concentration is from about 10 mg/ml to about 250 mg/ml. In some embodiments,
the formulation 1s for SQ administration and the antibody concentration is from about 25
mg/ml to about 175 mg/m!. In some embodiments, the formulation is for SQ administration
and the antibody concentration is from about 50 mg/ml to about 150 mg/ml. In some
35 embodiments. the formulation is for SQ administration and the antibody concentration is from
7



buffer is from about 25 mM to about 250 mM. In some embodiments, the arginine actetate
concentration in the buffer is from about 50 mM to about 250 mM. In some embodiments, the arginine
actetate concentration in the buffer is from about 75 mM to about 250 mM. In some embodiments, the
argininc acetate concentration in the buffer is from about 120 mM to about 5240 mM. In some

embodimenigetihe Argine.atRiate sansentratian R thebefians, itnakaltir Mg about 225 mM.

In some embodiments, the arginine acetate concentration in the buffer is about 200 mM. In some

embodimenfSTHs GREIMALHOE cRED S RSP IR BRH PR O AE0EL 1 18eimbin 88U R YbmEBimBbdiments,
the argininesagetatebiffenhias aphhimmaho- 48 ierabeitbidh Acemnmeniaodmenis e arginine
acetate buff rha}%apg of b?ut 56'2' I? 0so e[mbodime ts,.the su&ac ant is polysorbate. In some
embodimen sﬁ%de%%lysor?gar{let%apgﬁ/tsor ﬁ%ﬂﬁ]‘g H%%ﬁ?eﬁ?@ﬁ?@&aﬁ%tén © RS Eht L oitentration
is from .00G 8 migraboubdd 086 i bodpe @mbodinoe nisrdhesburfaitiant/ adncebtratiotd is fram about
0.01%to a 0.05%. 1. iments;.t factant.concentration.is 0.04%. In some
embodime r%%}ﬁt% ee%%‘r{?%1 é%%gﬁ% ?S(E%%?g %}gslbﬁoéné%g"lsﬁ% %Selh&t%?rtihag %ﬁ% ﬁ?gﬁ} o H‘%I S %1{%]%%8’ on’sto rage
at about 15400 fbrat Téase/28 Heghnunlsdme/ethbodiments, the formulation is aqueous and is
administeregyia@ subjech K some.amBatimepis. tefAIMUAHSRIS NGNS sReutaneous

(SQ) or intramuscular (IM) administration. In some embodiments, the folululation is for [V
administratiefFERge @ntiBb i eehde Rt AERASHRTAHBR ol BB AEEDBBTIMY MEPIn some
embodimenitdhe fritluisdion isdemy admanistatingand the.20antbedviconerptratianis kem about
25 mg/ml. to %:F%Ut 1&5 rg%/nélp In some emhodiments, the foimulation is for IV administration and the
antibody coNEeHHARBRILAS M dbALFES RGIFRT & ABALY T8RRI th sorik b BRIFALFE the
formulation iscfantivodd mindistitadiam anficiherisntiisoy goncent@tionms. liosarabenibéBimgimliie about 125
mg/ml. In some embodiments, the formulation is for SQ adminjstration and the antibody, concentration
is from aboﬁ%%ogg Cr%% m dt%dgtljsbfurf) S (r)ﬁlgjﬁc;frg)] Ir.nl%%gtl)%r{fﬁeE emnffb)rcﬂ m(}énn lgfr%ﬁgl}noﬁomgﬁmaet%% E‘iléefor SQ
administratigribadl e eantibody sdnaertratiof)igorhtalbbett25 trggrmiitolaboute k7 odgtmibidn some

embodignents, IRHSIPWALARIR(RLSRAdMIISIAN AR Mhs,Ariibadrgonepiration is from about 50

mg/ml to about 150 mg/ml. In some embodiments, the formulation is Q administration and the

antibody cofiBERtiE i$hk GRYbesbLRoPS BTN Asvuehas Agnaimiieosend8 mssaiments, the

formulation jsreretvhagiministratianaodtheRnibgdy: copasrtyaHmm s faMakem: 10.Raimd.ie about
250 mg/ml. In some embodiments, the formulation is for IM administration and the antibody

concentratioAFi&HBAT AP 25 Hg/ 1B TIPITE EHHIC HIEBRAY SPBEEIREHE, tRe9Btmulation is for
SQ administrabiefirandsthecantibody icansentratignisiiam. anaubRQma/miaabokt258aimg/ml. In some

embodiments, the formulation is for Sadministration and the anti ngentration is from about
75 mg(;gl tgcgci%aétatciﬁ‘%elﬁ%ﬁ}%% ;Ef(ﬁ%f(%\% %%g]nelrdé?ﬁﬁ%% irrrﬁ'@ntf) 51b e Brg\(?év}ﬂ%rﬁb%maes a method for

reducing aggnégditiomof t¢herapedicanonaolomatamtibody; toffepiisfngfehduliing the abtilbody in an
arginine acefgte REfie! . i 4.ad0:8,0,10 3ME smkodiments, 16 antibody,concentiation is,from about
10 mg/ml to about 250 mg/ml. In somc embodiments, the antibody concentration
75 mM to about 250 mM. In some embodiments, the arginine actetate concentration in the
buffer 1s from about 100 mM to about 250 mM. In some embodiments, the arginine acetate
25 concentration in the buffer is from about 120 mM to about 240 mM. In some embodiments,
the arginine acetate concentration in the buffer is from about 150 mM to about 225 mM. In
some embodiments, the arginine acetate concentration in the buffer is about 200 mM. In some
embodiments, the arginine acetate buffer has a pH from about 4.5 to about 5.5. In some
embodiments, the arginine acetate buffer has a pH from about 4.8 to about 5.4. In some
30 embodiments, the arginine acetate buffer has a pH of about 5.2.  In some embodiments, the
polysorbate 20 is from about 0.01% to about 0.05%. In some embodiments, the polysorbate 20
is 0.04%. In some embodiments, the formulation is sterile. In some embodiments, the
formulation is stable upon storage at about 40°C for at least 28 days. In some embodiments,
the formulation is aqueous and is administered to a subject. In some embodiments, the
35  formulation is for intravenous (IV), subcutaneous (8Q) or intramuscular (IM) administration.
8



5is from about 25 mg/m1 to 200 mg/ml. In some embodiments, the antibody concentration is from
about 30 mg/m1 to 175 mg/ml. In some embodiments, the antibody concentration is from about 50
mg/m1 to about 150 mg/ml. In some embodiments, the antibody concentration is from about 75 mg/ml
to about 125 mg/ml. In some embodiments, the antibody concentration is from about 25 mg/m1 to

about 100 mgéghe!BrsQiiiR-embadimeMisatia APt i iaksHNach 0O REBbdyaRANZARRN IN SOome
embodiments, the antibody is a monoclgnal antibody. In some embodiments, the monoclonal antibody

is a full Iendﬁfrﬁﬁiiﬁw.%rggt‘ﬁ}ei@ﬁwaﬂ%%ﬁf%{%eIf‘hWﬁl%ﬁ?ﬁm%@%fgﬁqwf”éﬁi%dy In some
embodimenignthgtracon alonat antibedly dsnadaumanizetdoantibegy? I msamecembadinsenismthan
monoclonal antibody is an antjbady fragment comprising.an antigen-binding region. In same.
embodimerter P ARBO) G AP & Hot o e T R R RS the
monoclbnalfamtibbay: bimag/MEG Ebdntsdithexgmbotimentssithedmtibedihésiieudetzummafer [FVsome

embodiments, 18, MAROSIONAL 0ROy Js SusGERTIPle i Adarsgalan nses smbedimits, the

arginine actetate concentration in ffer is from about 25 mM to about 250 mM. In some
embodimerigntharbesipivetaciepssdpéentidinihedietbigifelids fihthabbilbBl ravcesEiBaie50 mM.

In some 20 empadiRaBhIG A IINS 3FIRIHE CHNCEAL BHAR MR DHISHH IR ARORY: 49 MM to

about 250 mM. In some embodiments, the arginine acetate concentration in the buffer is from about

120 mM to AHBIHSTERMNG ISR etrISORRTERIEOMHE Brgirhri bee tae Udn eBAtiaticH e the Buffer is
from agout SHcreivbinliahew, 22RO eRThagimants: itie.adgin Reaeaiatercensendration in the
buffer is abgut 200 mM. In some embadiments, the arginine acetate 25 buffer has a.pH from about 4.5
o 0wt o, B U MG AR tc Pl - SHSkE SBh Raties BE R BTH AR A Sabou 5.4,
In some.ewnbmmatﬁ)ﬁhecaﬁgjmméamgemt&damﬁiébmasfmwmfmﬁém@ﬁ tnabome Ehbgdiménts, the
formulation s Stefig. i same embodliments. e [ mualion.SaIahie uPansiatage al,abaut 40C for at
least 28 daysr.nln some embaddiments, the formulation 15 aqueous and is a ministered 1o a s }bject. In

some embodimerts;ithe Be furimalaioA 8 for intravenosciy dsubeiytdneous¢Ba)ros ifmrdhuscular
(IM) agminigtration, |nS0Me FRedine @5%@@?1%85@%@89{? 5der 1Y AgminisHatien Ang e agtibody

concentration is from about 10 mg/1Mto about 250 mg/ml. In some embodiments, theéor_mu!ation IS
for IV admiﬁ@ﬁ%ﬁ@?%@%a&hﬁiéﬁw%ﬁaéhfﬂa@&] adrpisHiaBen b thgribrs apetetrstiviginl. In

some embogimennisuthe folmuiations for iasministratiomssddheantibesmeentantrationds 35from

about 50 mg/m1 to ahout 150 mg/ml. In some embodiments, the formulation is for IV administration
and the antfSBH SBREIh et FHRITY SBBEROEURB AN RIEHSE 128G/ APUbiie B¥BYdiments, the
foimulation jsdforiSQ admyisisttathen itehiheantp ddy cantontrasiands Aomabauititll mg/ml to about

250 ml. In some embodiments, the folinylation s fo ministration and the antibod

concentrat ST T doE Ut Dt M A TP T T B ci e o e Rtbiation is
for SQ admﬁr_ilstrdiiom faﬁdqhboahﬁﬁogk}dmmmqni&)m@mmmm@mah@a@mut 150 mg/ml. In
some embogimentsthe; {mHIANaR {3 iﬁ%:/%@t@gﬂam'%@‘i&?@lﬁﬁ%Q‘Srﬁ{gﬁﬂgéﬁ&%ﬂ&?%a“on is from

about 75 mg/ml to about 125 mg/ml. In some embodiments, the formulation is for IM administration

and the anti6EpEosRESTANSTIS from disvte 1o & apuirPso gnamhrdometeritodiments, the
formulation jsfesdV-3R-Aministiation anetho antikady rensentintionis-remmaanHL2S mg/ml to about

175 mg/ml. In some embodiments, the formulation is for SQ administration and the antibody

concentratidRiBHMSITPABAEE AT A5 UB G IS E B AR SBME BndBdRIEREETSAulation is
for IM admiwistiatibsdand e @amtodyreangantratengsdrenabout ¥ mpgimiteahout 125 mg/ml.
[0013]Even a further emhodiment of the invention provides an article of manufacture 15comprising a
container AT B EnE S T RO HES TR Fatam, 6 A G GBiment of the
invention pravigesrdedadwrith, &stoppedpiereeabledoyta mysingeptaiapiiisingrasvyrenenbbdiveddsmulations
described hgrein..ln.some embodimen vial is staor abqut 2-8C. In some embodiments, the
i 5.2 30 B e e B e
steel tafk co peratiyaanhosive bf adembaritionts dseribe herbitiheibieitiae tapk. aribodye In
embodimentsyihe-{guaulaionis feaenolPLalA b harmbadinstpldhelnaen Ravss 2

method of making a pharmaceutical formulation comprising: (a) prepargﬂqggﬁ/ one of the
g

formulation$"dEBeTRdeNoEHERIAY anth Y804 EHNG Sk G SIeB SEAb Ry 8851557 JP biological
activity of the.abtipadyindhe, Iaraalan fragment is a Fab or F(ab"h2 fragment. In some

embodiments, the antibody is bevacizumab. In some embodiments, the monoclonal antibody 18

35 susceptible to aggregation. In some embodiments, the arginine actetate concentration in the
9



[00 | 7]Yet another embodiment of the invention provides a method of treating a disease or disorder in
a subject comprising administering any one of the foimulations described herein to a subject in an
amount effective to treat the disease or disorder. In some 30embodiments, the disease is cancer. In
some embodiments, the cancer is selected from colorectal cancer, lung cancer, breast cancer, renal

cancer, andgifeblasiomabd00i8iThesarnd Thenambodime &E%@Hﬁlﬁ@ﬂ@yﬁﬁtmﬁﬁ% get%ﬂg@% describeld
by the detailed description that follows. BRIEF DESCRIPTION OF THE DRAWINGS 19]Figure
strates HASEETAGRAR 1600 eSO Mrsiia RN Ao e b g RGOt B e 4
weeks at 40610020 Figurercthistraies thtcbaaradaie leveals Hetedted-iam0mGE farmmations 5(0,
50, 100, and 150 ma/m1). [0021]Figure 3 illustrates the dimer levels.detected jn anti-VEGF
formulations %8%1%11%%81’1 Cc[:%r lﬁélroe%cffgl téctg?gc %rraﬁlgnténjh v(\)/egg ‘%ralts 316)&1. T%‘b‘gzi]%%nﬁ%iﬂ %frates the
viscosity of HinEG R fisitne kaiorBrat 20 Chasraifimctionsf amiedEGRcortbe hutiion (R6n 5001200, 125,

150, or 1755 ORETAIRP RESCRIETIGN LReitens 02 31Relaie dsssribing fhe invention

in detall, it is to be understood that this invention is not limitedto particular compositions or biological
systems, whitFrtEmberESsalM Shaigman s5 bpsimete indessivsdepiatahsfterfinaloidyiased herein is
for the purpgss.of descrbing particelak embesimentsRNiARd isdaat interdes to e diniting,As used
S S0 hout 3 A i Tne Cinbodimant, fhe arging acetans butter has a pH o abowt 5.3 T
10 some embodiments, the surfactant 18 polysorbate. In some embodiments, the polysorbate is
polysorbate 20. In some embodiments, the surfactant concentration is from 0.0001% to about
1.0%. In some embodiments, the surfactant concentration is from about 0.01% to about 0.05%.
In some embodiments, the surfactant concentration is 0.04%. In some embodiments, the
formulation 1s sterile. In some embodiments, the formulation is stable upon storage at about
15 40°C for at least 28 days. In some embodiments, the formulation is aqueous and is
administered to a subject. In some embodiments, the formulation is for intravenous (IV),
subcutaneous (SQ) or intramuscular (IM) administration. In some embodiments, the
formulation 18 for IV administration and the antibody concentration is from about 10 mg/mi to
about 250 mg/ml. In some embodiments, the formulation is for IV administration and the
20 antibody concentration is from about 25 mg/ml to about 175 mg/m!. In some embodiments,
the formulation is for IV administration and the antibody concentration is from about 50 mg/ml
to about 150 mg/ml. In some embodiments, the formulation is for IV administration and the
antibody concentration is from about 75 mg/ml to about 125 mg/ml. In some embodiments,
the formulation is for SQ administration and the antibody concentration is from about 10
25 mg/mi to about 250 mg/ml. In some embodiments, the formulation is for SQ administration
and the aniibody concentration is from about 25 mg/ml to about 175 mg/ml. In some
embodiments, the formulation is for SQ administration and the antibody concentration is from
about 50 mg/m] to about 150 mg/ml. In some embodiments, the formulation is for SQ
administration and the antibody concentration is from about 75 mg/ml to about 125 mg/ml. In
30 some embodiments, the formulation is for IM administration and the antibody concentration is
from about 10 mg/ml to about 250 mg/ml. In some embodiments, the formulation is for IM
administration and the antibody concentration is from about 25 mg/ml to about 175 mg/mi. In
some embodiments, the formulation is for SQ administration and the antibody concentration is
from about 50 mg/ml to about 150 mg/ml. Tn some embodiments, the formulation is for IM
35 administration and the antibody concentration is from about 75 mg/ml to about 125 mg/ml.
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referents unless the content clearly dictates otherwise. Thus, for example, reference to "a molecule”
optionally includes a combination of two or more such molecules, and the like. 20[0024]The term
"pharmaceutical formulation" refers to a preparation which is in such form as to permit the biological
activity of the active ingredient to be effective, and which contains no additional components which are

unacceptabyiyotenic to a saijed - tenwbich thesfarnuationweritie adpinkteseddzgeh formulations are
sterile. "Phaiinaceutieally acceptable” exc(igoients rtE( %Qi}gles, ad,ditivig) are those which can reasonably

be administBEES P55 SUBEER THARTROSPES RO TPRRVE oS Bt i G R A RGBT AT
-employed. [0@RRAxtsterd el ftumtiationd asdeptim oefibedonessentalyitel tamcaltdivings
microorganisms and, their spares..[0026]Herein, a "frozen” formulation,is one at a temperature below
000 Conot T T oo A W G A LSty Rurt o7 Bh EBequent
30lyophilizatidrerinzettdhregibbtid#hisg/the rorere fontmdatiorscdmprisesifrozerearagesubstance for

storage (in Sainless, el FARKLOrE 97 ,&P.'rﬂQsBﬁ?é’é&%%ﬁf‘Hiﬂl%ﬁ:le‘ﬁE%ﬂﬂ%%w-%ﬁﬂﬁéng%ﬁgﬁléf'r;ﬁﬁb'e"

formulation is one in which the protein‘therein essentially retains its ysical stability and/or

chemical stélistiify & HErBiodgidd Achemlupb rosisraaeoPreseiably B8 Ysivntdatiancassentially
retains its phygicabanss Ghemicalsiabiivs aswellasds dinlegisaldd, ARMHRPRSAEET e
storage period is generally selected based on the intended shelf-life of the formulation. Various
analytical tdtHIR RS For hiea Bl ARG HoHtEIN BaBiiey remav ARRAL IR Ht HNtots FeneMiFsh Peptide
and Proteindstigr Deliveliyatd - 30 dovinesidiaenksd thdangel dyekkefiohaeloMNewhierhy N soRebs.
(1991) and Jopes, A. Adyv. Drug Delivery Rev. 10: -90 (1993), for example. Stability can be
easured AAPRTIEI T PO SR ACSRIob @ e RAR el A e BRI B
formulationnsstelieabtaiedy40 & fCdt degst b outsdm 2 eBibddbn 61t T, tHdndho A8ndramireidays. In
certain embodi I54the-formu tion is . > at about 40C for at least about 1, 2..3.4, 5,6, 7, 8, or
more wee kg‘?%?%%ﬁéﬁ] e%r%h%gg imll%e r%%gh ?ﬁzﬁ?(?r%n&fgﬁséﬁyfs%?%) gogta lia%n%l?to%g c})lraél%[ﬁlléoa{igt 1,2 3,4,5,
6,7, 8, 9, 10TRmePP caBpridng 31 ROtEENIMdige 19100 2 3ope cpddamentmtreamidmts rgoertain
emboginens, 118 (DI SIRDK & ALOHLBE 1RhA! 1ReS iyt Bed, B0, RCHL 12 13

14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or more months. In certain embodiments, the formulation is
stable at abWiRe FOReIBPAr e distantboslyAs Bewgizgnab iy spmergnbegtimantssthe gnoppeirgalg 20, 21, 22,
23, 24, 25, ¢kitdly38sileithSl Sdyrd3itdf, 3D sfe 3thbdidShitd And dihdnd detddhiAS, 46, 47, 48, or
15more months. In c.ertairh%ngodimef{lts, the formulation js stable at 5C or -20C for at least 1, 2, 3, 4,

5, 6,7, 8, 9, PBCTH2Y9 RIELUET 15197 2pguh e B! A 2031130 mMognsgms Frsodsy ety 18 3o 33,
34, 35, 36, 3;138: 39:140; dihcdy ARnadd (dSHAberdd 48, asomaye midnthsbduupthenmoran feentormulation

is preferably stable following freezing, (1o, e.9., -20C or.-70C thawing,of formulation, for
xampis T LD s O B dds et soeb e SRR R R T R
qualitativel\2ahdidt. doasntitatvsiydmaniaribtyrofiadiffereritioyagss inchidim g evalvdiions dfagghegate

formation (fosExaMBIeU5ing ks exGlUSIoN SRRMAAARY:BHMEARMINg M BidiAAdRL by visual
inspection); by assessing charge _ o
buifer is from about 150 mM to about 225 mM. In some embodiments, the arginine acetate

concentration in the buffer is about 200 mM. In some embodiments, the arginine acctate

25 buffer has a pH from about 4.5 to about 5.5. In some embodiments, the arginine acetate buffer
has a pH from about 4.8 to about 5.4. In some embodiments, the arginine acetate buffer has a
pH of about 5.2. In some embodiments, the formulation is sterile. In some embodiments, the
formulation 1s stable upon storage at about 40°C for at least 28 days. In some embodiments,
the formulation is aqueous and is administered to a subject. In some ermbodiments, the

30 formulation is for intravenous (1V), subcutaneous (SQ) or intramuscular (IM) administration.
In some embodiments, the formulation is for IV administration and the antibody concentration
is from about 10 mg/ml to about 250 mg/ml. In some embodiments, the formulation is for IV
administration and the antibody concentration is from about 25 mg/ml to about 175 mg/ml. In
some embodiments, the formulation 1g for TV administration and the aniibody conceniration is

35 from about 50 mg/ml to about 150 mg/m!l. In some embodiments, the formulation 1s for IV
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heterogeneity using cation exchange chromatography, image capillary isoelectric focusing (iclEF) or
capillary zone electrophoresis; amino-terminal or carboxy-terminal sequence 25analysis; mass
spectrometric analysis; SDS-PAGE analysis to compare reduced and intact antibody; peptide map (for
example tryptic or LYS-C) analysis; evaluating biological activity or antigen binding function of the

3ntibogy; etfarxiﬂﬁ%%ﬂﬁﬁ mayﬂéluﬁmg@mt;maﬁa@ﬁ@ @&@%’g@mimyﬁemmﬁjgmmgﬁrﬁ%
eamidation), oxidation (e.g. Met oxidation), isomerization (e.g. Asp isomeriatjon), o
clipping/ hy&&ﬁ&%‘@%‘ﬁéﬁ a%#?%}aﬁrﬁiﬂﬁéq r%br%?% HRYmEHEE ﬁ?,gstg%ﬁ%hﬁ?{;ﬁ GRS aiSh Sunpaired
cystejne(s)f@ﬁ%ﬂi{:}&bgﬂ%ﬂﬁfgfﬁlﬁuﬁ%ﬁi?‘@v@mms&ﬂ??@Ib’@m’laﬁaﬁgft‘l}dﬁfemmﬂeﬁ; Tetg)r[SQZS]A "
protein "retains. its physical stability” in a pharmaceuti ormu n if.it. show Si or very little
e ket GRS S e DRt e e
measufed bytt\eightiseatterthgforthylsize exdtius{ondSoimormatogrinanDoeeiAnroteitidiratains its
chemical stabilitys i aPharmacelicak iarmulation, line shegirakstahiliaha.aiyen ifeds such that

the protein is considered to still retain its biological activity as defined below. Chemical stability can be

assessed bylaetettnigmantl Gty chevadaipaiciomfobmy 6F the'pldteipochériierditdration may

involve size;gmadificatian(e. ehCHRRInElYNichERaN henaualvAter MRINGSIFELRYSIHSiemeRIRMAtography,
SDS-PAGE and/or matrix-assisted laser desorption ionization/time-of-flight mass spectrometry

(MALDI/TORMSTOHr Exarpldo Gnet tyPadear ehinifcai serdioRiifciigéenargieaneration (e.g.
occurnng asdmiesuiitkhdedmidation)dyhict aamhendyalpiatesbby 1o mexchange chromatagraphy or
iclEF, for examéole.bl EOOSO_AE zafntib0f1¥. "retaijns iﬁgliol.ogiqal, activity” in a.Bh rmaceutical farmulation,
if the biologieAI RIS BF the BRABBM/ AR Hivh {mid T it 4SS t“i%é)&*tvﬂ%iﬁ"t‘ﬁ"é:%?%}%lé% the
assay) of thieobiclogical activitytexhilité d0antie tinresthecpihdrodaoeutictlférmulation wés pvepared as
determined_in. an: anti indin example, Other,"bi iC tivity" s for, antibodies
are elabora%gg?ﬁé%%%%?ggﬁg%%%%g Céﬁa%%%%??oéicﬁ%éﬁ@ﬁ?‘ 0 %qo%ﬁo%%ﬁgf%%‘ﬁgﬁb refers to
the ability of 4k Antibod\Fterbirtbstithedimeshalfinhevarctndecaidivodabindingroomitigers and
resulting in & EAsHIARGRIRIACIGAESRRNSR WD 6ARMR I AUAR AR, In vivo. Such activty

may be anta(g}g?onistic or agonistic. [0032]A "deamidated" monoclonal antibody herein is one in which
one or moré®dakparaginétraSathstreRadiart BERY HEGIHREHONGeTE it S h AR or an
iso-asparticyagid«ROB3 AR anthedy which-is, susceplibte-ta.deamidation: sheRencompEsing one or
more residue which has been found tg be prone to dcamidate. [0034]An antibody which is "susceptible
10 ng01egafOHPUTRE WHTCH HAS B oAt Aghrdbave it S BB ThblEcio ) Bopecially
upon freezingsnd/eiahgitation.

20 [00135] Another embodiment of the invention provides a stainless steel tank comprising
any one of the formulations described herein inside the tank. In some embodiments, the
formulation is frozen.

[06016] A further embodiment of the invention provides a method of making a
pharmaceutical formulation comprising: (a) preparing any one of the formulations described

25 - herein; and (b) evaluating physical stability, chemical stability, or biological activity of the
antibody in the formulation.

[0017] Y et another embodiment of the invention provides a method of treating a
disease or disorder in a subject comprising administering any one of the formulations described
herein to a subject in an amount effective to treat the disease or disorder. In some

30  embodiments, the disease is cancer. In some embodiments, the cancer is selected from
colorectal cancer, lung cancer, breast cancer, renal cancer, and glioblastoma.

[0018&] These and other embodiments of the invention are further described by the

detailed description that foliows.
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25[0035]An antibody which is "susceptible to fragmentation” is one which has been found to be
cleaved into two or more fragments, for example at a hinge region thereof. [0036]By "reducing
deamidation, aggregation, or fragmentation” is intended preventing or decreasing the amount of
deamidation, aggregation, or fragmentation relative to the monoclonal antibody formulated at a

different pH or in a different bufsiBO[BE3 (IR e awh oty veniciy s Aevmdated is preferably essentially

pure and degirably essentiall mogeneous (e.g., free from contaminating proteins etc). "Essentially
pure" antib g@/’?ﬁeans a%%ygs?i’tll%% %%%%F%i%%ggé%fg%iﬁvgt@;%ﬁt%% WW&?&%E%#H@& i‘B%y, based
on total weigl¥fofigfvel campd sitiam, tpréferaiblytatddast about 95% by weight, "Essentially

homogeneqys antibodyme c osition comprising.at.least about 99% eight of 35antibody,
oo on 10U ot of T e e G N eree
has essentidllythé0fammd bshpgepressure as human blood. Isotonic formulations will generally have
an osmotic piessure from; ahout 250,10 350 MRS ISRGMSIY LAN RS Fieasused sig & apor
pressure or ice-freezing type osmometer, for example. 5[0039]As used herein, "buffer” refers to a
buffered sofEGH HREIRSEFSHE ARG EY WPpr DY erie atfibitof its acid-base conjugate components. The

buffer of thigoiimgntion praferallyihaga-pkhdnthe danee.fienrabpub ARt sRont 6 preferably from
about 4.5 to about 6.5, for example from 4.5 %% %g 45t05.9.45105.8,45t05.7.451t05.6,4.510

5.5, 4.5 to 5 HE f &8 Yo ONpeRTEtign (008, {99 220 83 87174 B30, 4.5 0 4.9, 4.5 t0 4.8,

4.5to#7, or 10 4.5 to 4.6. In one embodiment the buffer has a pH 4.5, 4.6, 4.7, 4.8, 4.8, 5.0, 5.1, 5.2,

5.3,54,55,56,5.7,5.8,5.9, or 6.ODE)ia %ﬂﬁ%ﬁﬁﬁﬁa‘wm control the pH in this range include
. . TTA ! . . .

acetate, succinate, succinate, gluconate, histidine, Citrate, glycylglycine and other organic acid buffers.

[0040]An "dkginindXetifigibiis a buffer comprising arginine ions. Examples of arginine 15buffers include

arg nine aceite, argining ghjeride. rginine NBRRNAIPa2IGINTIE AUIRIE AN AlGEInate, etc. In one

embodiment, the arginine buffer is arginine acetate. In the one embodiment, the arginine acetate
buffer is prépareirbystivatingted Brgamindqfeepassosbitabwiteseetistanis tagloyamndersire.

embodimentsy the uinie BUHBE S RURIAAR @R b 505 h AR BB BIHET oft-5 10 5.6, 45 10
55.451t05.6,45t05.5,45t05.4,45t05.3,4520t05.2,4.5t05.1,451t05.0,4.5t0 4.9, 4510 4.8,

4.5 o 4.7, SeABRBAST RS BRASTARNS AiHeBifch N ARt itd s dedigiting. Asgisadgnshis 5.1, 5.2,
5.3, 5.4, 5.5pbcHi atiornBd &0 2piadbd 0RAbiHamImcalas tsfastant wefess d0BSurace-aetive agent,

preferably a nonionic surfactant, Examples, of surfactants herein include polysorbate (for example,
botyeorbatd S8 AT BB <Er AL Bof BG5BT e To Ao St Redoecyl surate
(SDS); 25sodinulelophisuiidtensadasm oatytglycositis;daunybrasyistybldintlcydndahstdaryl-

20 [0024] The term "pharmaceutical formulation” refers to a preparation which is in such

form as to permit the biological activity of the active ingredicnt to be effective, and which
contains no additional components which are unacceptably toxic to & subject to which the
formulation would be administered. Such formulations are sterile. “Pharmaceutically
acceptable” excipients (vehicles, additives) are those which can reasonably be administered to

25  asubject mammal to provide an effective dose of the active ingredient employed.

[0025] A "sterile" formulation is asceptic or free or essentially free from all living
microorganisms and their spores.

[0026] Herein, a "frozen” formulation is one at a temperature below 0oC. Generally,
the frozen formulation is not freeze-dried, nor is it subjected to prior, or subsequent,

30 lyophilization. In certain embodiments, the frozen formulation comprises frozen drug
substance for storage (in stainless steel tank) or frozen drug product (in final vial
configuration).

(0027} A "stable" formulation is one in which the protein therein essentially retains its
physical stability and/or chemical stability and/or biological activity upon storage. Preferably,

35 the formulation essentially retains 1ts physical and chemical stability, as well as its biological
13



sulfobetaine; lauryl-, myristyl-, linoleyl- or stearyl-sarcosine; linoleyl-, myristyl-, or cetylbetaine;
lauroamidopropyl-, cocamidopropyl-, linoleamidopropyl-, myristamidopropyl-, palmidopropyl-, or
isostearamidopropyl-betaine (e.g. lauroamidopropyl); myristamidopropyl-, palmidopropyl-, or
isostcaramidopropyl-dimethylamine; sodium methyl cocoyl-, or disodium 30 methyl oleyl-taurate; and
the MONAQUMAEMmerigs{Momacl ndusirips:ibads RatergoncNedy; nobdeshyhglyealdpoiypronpsd glycol,
and copolymers af ethylene gnd propylene gl ol.%.%. luronics, PF68 etc); etc. In one embodiment,
e surtac e T ROl S Ot 0 T80 G AL SR T b I G ALY e
invention, artterapeutical e etfective Arpount-affanrantodyreleest@4n HmovinceffdotivEdin the
prevention Qr treatment of 353 disqrder he, t of which the antibody is effective. A, 'disorder”
o oy COn Ao B Ty et Lt Wi AL A T e B e
disorders oR #i8eak¥s IntiudiagnhoSéepHiticiegareendiibris wilickep tetispotiectie el to the
disorder in gestion{9043lAmRIGsEIALYE. isArsampaRd whish ganke aptonally ingludedin the

Sformulation to essentially reduce bacterial action therein, thus facilitating the production of a multi-use
formulation] fér &xhmpte’ EX&ripiés: oF peteniispriseaithasindingatodisdechrinirtiyraisyl

ammoniumghigiifleoferametheniupichlorides Benzalkopiumaehietide (B BbduieAbodiments,
alkylbenzyldim thyITmmqnium chlorides_in,which the alkyl groups are Iong]é%hain ompounds), and
' %ﬁ’i%‘r‘ |

benzethonilftf AR R A reseriiiléih e TharSndatic allbHdts! Sukt &% phenol, buty!
and beozyl ecohol 2alkybparabeh sueh asmaethybad propytpaiiababe datechplh¢dsanailacbn is
cyclohexanol, 3-pentan id m-cresol. Jn,one e di t, the preseryativ rein is, hengyl alcohol.
100041 POl & B RS arEb A Lt Py D oL Ba Al Todes SLGaE (SdEmg and
nonreducingisudgars) 2dugamatcohoithanth sagamacide dinpuly.chemiaynaptormilystdbesirtioded in the

formulation fp cgsiain gmiodiments, polyols herein have a molecularwaiohs which isjess than about

600 kD (e.g. In the range from about 120 fo abdut 400 IcD). A “reddcirig sugar” is one which contains a

hemiacetal 4fotfp Hat®at? réBiutle etdl ihs drieadt éévateAtlyAkithilysindtand dthér athind groups in

proteing an%@ré@ﬁ&ﬁ@@”@fﬁ&ﬁ&iﬁ%&&%ﬂ@ﬁﬁ doesnabhavedhese P@B?KE@_@CC}B@JQQ&!@HQ sugar.
Examples of reducing sugars are 20fructose, mannose, maltose, lactose, arabingse, xylose, ribose,

rhamnose, aa?aétés Ao &Id@oéé. womeb‘b&ﬁgiguééréginb?ua@ 2&0?353?1%%3&3%: g%ﬂf@ )
melezitose amc raffmasez Manrstoh xydgokoenavitos thipital, sorbitol and gyseselmsaexamples of

sugar alco le.. As to Sli:l a 0aci S these inclu I§£ I ec ate._an metall'gosqltg t &rgof \!ygl%re it
dosred thal B STCTAToA R WAL AL OV SOTCEsTERERIbI e Wi Qb o
crystallize atn25freezing ttm frerailngs(eoy c:200)esiodhiat it, dSstahiliZes/the ahfibadyyarthe
formulggion, i certad i@&%‘%ﬁ% %@al@&”&%%‘éﬁi@gv%&‘fﬁ{é/g‘r“ Qa&?t?t%]‘féﬁﬁﬁ ANgiLe hﬁ?ﬁ%%?efé% examples
of polyols, with tréhalose eing preferreg over sucrose, because of the solution stability of trehalose.
ways, including evaluation of aggregate formation (for exampie using size exciusion
chromatography, by measuring turbidity, and/or by visual inspection); by assessing charge
heterogeneity using cation exchange chromatography, image capillary 1soclectric focusing
(iclEF} or capiilary zone clectrophoresis; amino-terminal or carboxy-terminal sequence
25 analysis; mass spectrometric analysis; SDS-PAGE analysis to compare reduced and intact
antibody; peptide map (for example tryptic or LYS-C) analysis; evaluating biological activity
or antigen binding function of the antibody; etc. Instability may involve any one or more of:
aggregation, deamidation (e.g. Asn deamidation), oxidation (e.g. Met oxidation), i1somerization
{c.g. Asp isomeriation), clipping/hydrolysis/fragmentation (e.g. hinge region fragmentation),
30 succinimide formation, unpaired cysteine(s), N-terminal extension, C-terminal processing,
glycosylation differences, etc.
[0028] A protein "retains its physical stability” in a pharmaceutical formulation if it
shows no signs or very little of aggregation, precipitation and/or denaturation ypon visual
examination of color and/or clarity, or as measured by UV light scattering or by size exclusion
35  chromatography.
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[0045]The term "VEGF" or "VEGF-A" as used herein refers to the 165-amino acid 30human vascular
endothelial cell growth factor and related 121-, 189-, and 206- amino acid human vascular endothelial
cell growth factors, as described by Leung et al. (1989) Science 246:1306, and Houck et al. (1991)
Mol. Endocrin, 5:1806, together with the naturally occurring allelic and processed forms thereof The

term "VEGRji@isp refers Ag\eiaFscienm NorhbmibanEpeeiessu gha5/aukal fatollpisnaitthe
Sometimes the VEGF . from a specific 35.speclilei|§h%rt indicated by terms such.as hVEGF for human
d BE” The

VEGF, mVvESES! SRiike YEGE T % STRORE SEPT8 AR USSH 1S58 %o truncated
foims of thépddyepticertgrpdisingddrdino. aticai8aothbBigrcht bl O3epidtid il 6Seatimigerdcid human
vascular endothelial cell growth factor..Reference to an chf fVEGE may be identified in the
oresent apgt il B s R G b IR
positiofs foneditterivatédt rippeny BGIR ke mberyeheded S hidi e dxelubiemelivewBGPisquence. For
example, agiROpaCitkRAFIHCe M Af {meiioning) ntupeated A MR Ghrf iﬁ%@é%@%&etz&yﬂt .

(methionine) in native VEGF. The truncated native VEGF has binding affinity for the KDR an
receptors cOhpERIbBIOoativer vEOP q0o4s VES pliskreyichrEstnine fenis s Brsdtig 8%y VEGF
receptor or@ny dQ\VEfhsignalingractivityS1e)) Asiteaulation.efheihmomunakanshabnormal

angiogencsis and vasculogenesis (Ferrara and Davis-Smyth (1997) Endocrine Rev. 18:4-25; Ferrara
(1999)]. M FABEIORTBEY, % 4L \OHBHRY Embryonic vasculogenesis and angiogenesis (Canneliet et
al. (1996) Nao3ny 380:435mMa0bbeyrammalsats (1696)chlaisiei380i439:42): and:nfoduiaing (e cyclical

blood vessel proliferation jn the ale reproductive tract and for bone qgr. and cartila

Formation (0 R B oA R S S B P P I AR SR 5 )
In addition tbebiehag)gzﬁ M@Mifa@é@ﬁjmam@i@mmmmmgm&fvmlé’gias wapleiotropic
growth fact Fﬁ@@%@%&ﬂﬂ%&@@%ﬁ%@ﬁ%ﬁ%&ﬂ%QEL%%T, ROVSIQIOICRARICERSES: SHED; 8 endothelial

cell survival, sel permeability and vasodilation,”monocyte chemotaxis and calcium influx (Ferrara
and Davis- 8t {0190 hodos ast &laper atsbiersindiele st al. Cell. Mol. Life Sci. 63:601-615 (2006)).

Morequer, egant StUdies}ﬂ%@c\{ﬁ_f%RﬁB‘i_ﬁQaﬂHéﬁgﬁﬁJffo?g%ﬁ&%ﬁﬁﬁﬁtﬁ&%ﬁ%%r@@@tﬁ@ﬁ@h?'@'tﬁ@" types,
such as retinal %ment epithelial cells, pancreatic duct cells, and Schwann cells. Guen-in et al.

(1995)], CetnBRLIIL b SpEaea Ay tvBRHT U Fro8oy RGBS EREBTE K I8 1951132,
Sonde!" et al IR} NeolRseH A ifahdd vBride c 2DHROHAA M EGH RMagoniss. onclyGhitgpesific
antagonist” refers to a molecule. capable of binding to VEGF, reducing VEGF expression levels, or
neutralizingtf ebf&&“rﬁ%@ﬁ’r?h%ﬁﬁ?&f% fogating, reducing, or interfering with VEGF biological activities,
including, bWast limited AC,dvinGEfetidmmbolone artiteie MEGRsreveptorsiandny BGRomediated
angioggnesj .endothelial cell surviv j ion, Incl as VEGFE-specific 30 gonists
R S S AR T
antibodies &9#Bahtigen-bimingtiedy mbistsishersefpribleiotdeamileton ssemy denipatinesowhich bind

specifically {0, MEGthereRy pRovesierng istinaing doRngiardnore receptors, fusions proteins (e.g.,
VEGF-Trap@éI(??;aeneron) , and VEGF121-gelonin (Peregrine). VEGF-specific antagonists also include

antagonist ts of VESRBHpeplirsSantsentbsm igeisgnite Bimdrsithedee®VEGF,
small RNA paeleguias diracteetian By, diti¥ule(s), especially upon freezing and/or agitation.

25 [0035] An antibody which is "susceptibie to fragmentation” is one which has been
found to be cleaved into two or more fragments, for example at a hinge region thereof.

[0036] By "reducing deamidation, aggregation, or fragmentation” is intended
preventing or decreasing the amount of deamidation, aggregation, or fragmentation relative to
the monoclonal antibody formulated at a different pH or in a different buffer.

30 [0037] The antibody which is formulated is preferably essentially pure and desirably
essentially homogeneous (e.g., free from contaminating proteins ete). "Essentially pure”
antibody means a composition comprising at least about 90% by weight of the antibody, based
on total weight of the composition, preferably at least about 95% by weight. "Essentially
homogeneous" antibody means a composition comprising at least about 99% by weight of

35  antibody, based on total weight of the composition.
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aptamers, peptibodies, and ribozymes against VEGF. VEGF-specific antagonists also include
nonpeptide small molecules that bind to VEGF and are capable of blocking, inhibiting, abrogating,
reducing, or interfering with VEGF biological activities. Thus, the term "VEGF activities" specifically
includes VEGF mediated biological activities of VEGF. In certain 5embodiments, the VEGF antagonist

reduces or ii@bﬂ%i}s, by atdeasilier 20%ean0en 40PN Xa660 ¥ i 0% 80090, AY MOG e
expression level or biological activity of VEGF. [0048]An "anti-VEGF antibody" is an antibody that

binds to VESRMPSIHESRMARY ARG Sosenfeioromeapain EhusbeiHe ke aAe Spisdy selected will
normally havesaustiflisieatyubinsling Bffiniystar MeGRforaxsnlesthe antiRodyapryRid-hMEGF with

a Kd 10 value qf between 100 nM-I pM. Antibody affinities may be determined by a surface plasmon

resonance BESEEFASSYRE VAU Re D3 PATBPE assay as described in PCT Application Publication No.
W02005/012859); enzyme-linkehkinim tindéhSochient@ssafiéztSA) @nthaompaltitiomassaydie.g.

RIA's), for example,.[0049]In certain embodiment, the antizVEGE antibady can be used
therapeutc SEMSA T EhgeRrc S LM e Y GBS B e e e OB actviy
is involved. sAtsbinthie antisddymayt 6. Subjected’t, ptherdibidgicabizetivity msdays teiglein order to

evaluate itsffagiveness asadierapais. Such agsays peorknaun in e 3t and, degand gn the target

antigen and intended use for the antibody. Examples include the HUVEC inhibition assay; tumor cell

growth inhilitidon ds54y3-fad-déserdnéd it W BDI1066DF Fdp &xarmpl®) 420 AtiDdd-Héperdent cellular

cytotoxigity {ARCEY and Grrepismpinmediated: GAOIpcEY (¢ RG)assaYsy( 4P Ratenb5:508,362); and
agonistic activity or hematgpoicsis assays (see WQ 95/27062). An anti-VEGF antibody will usually not
bind to othet ¥EEFHomBioghds %Hcﬁ@@@fe' o BdrvRarve woretie oW RS eSS P1GF,

PDGF or bRthatinsangmrmpadinent, antbMeGh tidikoditiaa snenntieond antibodydhahhiagg to the
same cpito%eﬁ]s 25 the monoclonal anti-VEGF antibody A4.6.1 produced by hybridoma ATCC HB

10709. In aRdther embodiment, the anti-VEGF antibody is a recombinant humanized anti-VEGF

monoclonalfaitibody generdtegimocdrdiag’ to Prefta etrahr{$99 H)BancenRéxanhiks88:4588cincluding
but nodgimit 0 the antibody.known as bevaciz a%(B HAVASTINGD). [0050]Th ti-VEGF
antborty B B R A T eI SR R, < compinan
humanized #BthVE SFcmgactibAalantidgyigwne iy sooertingtés Presiaeiea{d.o0dvhcesrcer Res.

57:4593-45&%53&%91%5@5@141@@,%@@%&%&9%lplfégap&ywﬁﬁ%g@ﬁ AnchAligen: ind

IRGid
complementarity-determining regions from the murine anti-hVEGF monaclonal antibod A.AB.6.1 that
blocks bindWEIoHHAAGAVEGT e FEaR SrPe RO AH8IO8 Y B tkehRiib i@ Sedidénce of
Bevacizumaly 3xsipchigling mast.of the Fameyvark segionss s, deyivedsram dauman foek and:about 7%
of the %1]9 sequence is deriv%d fr %l murin anti% dy A4.6.1. Bevacizumab has a molecular mass
of abotit 148 C?O %glf&?slaﬁ 18 gl@c ée)}fé%fe% el %’u%r?atﬁ aaBiterh 51 ra']arﬁitgaeacﬁ?i- G
antibodies ahe futfhehdesgkbiesl a 4T, RaL.AND 56)884,879 istued, Febs265200%, the, entirg disclosure
of which is ?6(6’%{?']25'3’ '”C?x:&%{r?tgdsﬂr LY LRI N S 0T DG JS M B0 SR IR Rl Reptide” as
used hereinrefers to a polypeptide,

surfactant, Examples of surfactants herein include polysorbate (for example, polysorbate 20
and, polysorbate 80); poloxamer (e.g. poloxamer 188); Triton; sodium dodecyl sulfate (SDS);
25 sodium laurel sulfate; sodium octyl glycoside; lauryl-, myristyl-, linoleyi-, or stearyl-
sulfobetaine; lauryl-, myristyl-, linoleyl- or stearyl-sarcosine; linoleyl-, myristyl-, or cetyl-
betamne; lauroamidopropyl-, cocamidopropyl-, hnoleamidopropyl-, myristamidopropyl-,
palmidopropyl-, or isostearamidopropyl-betaine (e.g. lauroamidopropyl); myristamidopropyl-,
palmidopropyl-, or isostearamidopropyi-dimethylamine; sodium methyl cocoyl-, or disodium
30 methyl oleyl-taurate; and the MONAQUAT™ series (Mona Industries, Inc., Paterson, N.J.);
polyethy! glveol, polypropyl glycol, and copolymers of ethylene and propylene glycol (e.g.
Pluronics, PF68 etc); etc. In one embodiment, the surfactant herein is polysorbate 20.
(00421 In a pharmacological sense, in the context of the invention, a "therapeutically
effective amount" of an antibody refers to an amount effective in the prevention or treatment of
35 a disorder for the treatment of which the antibody is effective. A "disorder” is any condition
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including an antibody that binds to VEGF. B20 series polypeptides includes, but not limited to,
antibodies derived from a sequence of the B20 antibody or a B20-derived antibody described in US
Publication No. 20060280747, US Publication No. 20070141065 and/or US Publication No.
20070020267, the content of these patent applications are expressly 10 incorporated herein by

reference. Ipane.gmbesimeninB2Qseses nelraptidsds. BRQ-hdpsdessrkegdn g Blibligation No.
20060280747, US Publication No. 20070141065 and/or US Publication No. 20070020267. In another

embodimerft! BS8SsriBE HEREEpEtBEBemical onESEsBAch NS PR P ABBIERLI 815/991,302, the

entire disclaksyeiafiwhiehtisrexpressly incorporated herein by reference. 15[0052]The term "G6 series
polypeptide’ sed hergip refers to g polypeptide, including an antibody that hinds to VEGF. 66
series polypgg%% s includeS Bat8Yfi ﬁgégfg?pgﬁﬁ%vg}lec 8%?%883?8%%%8%35&%@6%% 66 antibody
or a 66:derifrethalatibo dy desciiigddnittS RubidatitnNbe200 6028864 7St RublidatoonNd a
20070141065 and/or US Publication No. 70020267, 66 series polypeptides,.as described in US
Publication %5% 2006828%%%,’2?8 ﬁpé%ﬂ]lﬁ%%ﬁrgﬁ 60872%08%%32{%%% \'é}{]%fg’rl ?E’eublication No.
200700202 67t4AetsbembihtyHenkm itatte, 166-8) 66 423 ferdnG 6131 {0 0BBTRl: belditibnaivantibodies see

U.S. Pat. Nogi (80, 269n6 3821298 £-/03:24%1 SR A MYFRRIAR3H MR %ﬁ!gqﬁ‘é 2 are
W094/10202; EP 0666868B1; U.S. Patént Application Publication Nos. 2006009360, 20050186208,

20030206888 8206 50005 SH0EY2EE209 AP 501 19w sharpspret etarcuéurnal of

Immunglogigahidethods 288utA Askb4(200d)y 1 meariain emRbRsirRMS Sibalantibadiasinglide those
that bind to a functional epitope on human VEGF comprising of residues F17, M18, D19, Y21, Y25,

p
089, 191, IR #Y ?%r?&tefeﬁ OB h SRR S B p AR AR S §5) 2 892, Y25, D63, 183
and Q89, 3LRH4IDthe pantrihiGHhanitbbdies-aralaldolknown, and described, for example, in Liang

etal., Jibl C[BSHA]ZS:L 95%7%?0%%9@@5 substance with multiple hydroxyl groups, and includes sugars

(reducing and nonreducing sugars), sugar alcohols and sugar acids. A polyol may optionally

15 beincluded in the formulation. In certain embodiments, polyols herein have a molecular
weight which is less than about 600 kD (e.g. in the range from about 120 to about 400 kD). A
"reducing sugar” is one which contains a hemiacetal group that can reduce metal ions or react
covalently with lysine and other amino groups in proteins and a "nonreducing sugar" is one
which does not have these properties of a reducing sugar. Examples of reducing sugars are

20 fructose, mannose, maltose, lactose, arabinose, xyiose, ribose, rhamnose, galactose and
glucose. Nonreducing sugars include sucrose, trehalose, sorbose, melezitose and raffinose.
Mannitol, xylitol, erythritol, threitol, sorbitol and glycerol are examples of sugar alcohols. As
to sugar acids, these include L-gluconate and metallic salts thereof. Where it desired that the
formulation is freeze-thaw stable, the polyol is preferably one which does not crystallize at

25  freezing temperatures (e.g. -20°C) such that it destabilizes the antibody in the formulation. In
certain embodiments, nonreducing sugars such as sucrose and trehalose are examples of
polyols, with trehalose being preferred over sucrose, because of the solution stability of
trehalose.
[6045] The term "VEGF" or “VEGF-A” as used herein refers to the 165-amino acid

30 human vascular endothelial cell growth factor and related 121-, 189-, and 206- amino acid
human vascular endothelial cell growth factors, as described by Leung et al. (1989) Science
246:1306, and Houck et al. (1991) Mol. Endocrin, 5;1806, together with the naturally
occurring allelic and processed forms thereof. The term “VEGF” also refers to VEGFs from
non-human species such as mouse, rat or primate. Sometimes the VEGF from a specific

35  species are indicated by terms such as hVEGF for human VEGF, mVEGF for murine VEGF,
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[0055]" Treatment" refers to both therapeutic treatment and prophylactic or preventative measures.
Those in need of treatment include those already with the disorder as well as those in which the
disorder is to be prevented. [0056]A "disorder" is any condition that would benefit from treatment
including, but not limited to, chronic and acute disorders or diseases including those pathological

conditions whichpredispase tesmemmal (e-ie disorderinanastions %%‘%ﬁ%!?ﬂ%ﬁk‘d@e angiogenic
disorders. "Angiogenic disorder" as used herein refers to any condition involving 5abnormal
angiogenesTe B8PSR ARG AR Bop R Al P e ik d§e- R s Ry eearae e srdatieidnic
disorders ta:bie dreatrdibrieir dnshide malignai Rnd ReVITGE MYy S TarlatieEmias gag-hmphoid
malignancies; and, in particular nee tastasis, [0057]"Abnqrmal angiogenesis" occurs
when new t?l%jo%a\}&]g&%‘gg ﬁ‘éﬁﬁg}@@sw%@ @?}%ﬁls{é‘ ir?g%ﬁ?gﬁriari% (CRo ﬂ?édelocation,
timing, Hegresjtameihset GftheatdangiogeiasSs hemgnbadesisaddiramdimbdicalstaiupoint) in a
diseased stat u at it causes a diseased state. In.some cases, excessive trolled, or
otherwise in% %%%C%fi;ﬁ:%}%}ﬁ%%%% n eﬁéﬁgooagf\f 'S ?/1\} Oenn??ﬁ(enrigtﬁs%ﬁl éﬁgﬁ%gah&é%sesge aé%%ﬁf?ﬁg%c%ﬁributes
to the worseniigpoflthengibeusod stawtive ¥aise oha idisestsédaiateVBGE hevbiblbogd affsseisocan feed

the diseaseg) ligghesndeaUPYFHRRIliSsHES Badinihesage of cancer, the new vessels can allow

tumor cells 15to escape into the circulation and lodge in other organs (tumor metastases). Examples
of disorderd ¢8lving abnbfifdl titpeisahesisificinglidsabardmotaimredRoTc srearoe’patyally

vasculayizey sofidsiunanrs abevinetastadic-iumans {ipchaing salgnnnshsansem@spariaibasmall-cell
lung cancer), or prostate cancer), diseases caused b¥)ocular neovascularisation, especially diabetic

blindness, retiiBAETEYS SrTAR MABEHE TERRB ARy dr s artey 36 facuiaraBgeraration,
choroidal naavascularizanorm{C\Myhiabeticihacularedenng: pathalapioal sayenia, (vanddippel-Lindau
disease, hisatp i@ g}%@ Qf%%g, snﬁr‘aI,Rretip,atl ?/99'965 !jugi 6%%/9[2,? conical s
neovascularlzg ion, refinal nsovascularization and 'ruloeo s’ p”sfgriasi's, péori‘gtti%narfﬁ?l i ",atmg
haemangiobiastore: sbicled sdsaa pratidiomen inflhamizratdry sewdh disedses asddhrdegtamertionephritis,
especially mESARGIARINIRIANNE glomeronephiis vamhaamelissremicydiame: fiabetic
nephropathy or hypertensive nephrosclerosis; various imflammatory diseases, such as arthritis,
especially rié arthritis 2 mfldmmiAdion) voeelsifsersBo puvesaster satosidesissianadal

arteriosclerQgisansh fisRASTSIICEM rﬂﬁ&i@ﬁ@ﬁi@%ﬁ’&mﬁ"f&%ﬁ%{‘@%’%i%ﬁl&i@[e%lﬁ?&é@c@ﬁ@%@s@ﬁd other
conditions. [0058]"Abnormal vascular permeability” occurs when the flow of fluids, 30molecules (e.g.,

ions and nURFEREPEHIGETR REYSRihPhELteSr BRHabRethe vaselIdFSRcPestzAPALBLIAF
compartmenisdgiRxeassivei albsiwise-Rapareptaie (e1g. FedesalianDimingmdegremor onsetof
causeds GRSl LB RBRSIA vl ey W ety BB o dttetse
inappropriatdealkagetgions puateninoffiets f 6fHEHothedugm thecB85vistalatiteyjassorie cases,
excessive, uneonKRled, QLAINAWIRE INSRRIRAAIR NagEIaNg Schwann cells. Guerrin et al,
(1995) J. Cell Physiol. 164:385-394; Oberg-Welsh et al. (1997) Mol. Cell. Endocrinol.
126:125-132; Sondell et al. (1999} J. Neurosci. 19:5731-5740,
25 [0047] A “VEGF antagonist” or “VEGF-specific antagonist” refers to a molecule
capable of binding to VEGF, reducing VEGF expression levels, or neutralizing, blocking,
inhibifing, abrogating, reducing, or interfering with VEGF biological activities, including, but
not limited to, VEGF binding to one or more VEGF receptors and VEGF mediated
angiogenesis and endothelial cell survival or proliferation. Included as VEGF-specific
30 antagonists useful in the methods of the invention are polypeptides that specifically bind to
VEGF, anti-VEGF antibodies and antigen-binding fragments thereof, receptor molecules and
derivatives which bind specifically to VEGF thereby sequestering its binding to one or more
receptors, fusions proteins (¢.g., VEGF-Trap (Regeneron}), and VEGF 5-gelonin (Peregrine).
VEGF-specific antagonists also include antagonist variants of VEGF polypeptides, antisense
35 nucleobase oligomers directed to VEGF, small RNA molecules directed to VEGF, RNA
8



peimeability or vascular leakage exacerbates or induces disease states including, e.g., edema
associated with tumors including, e.g., brain tumors; ascites associated with malignancies; Meigs'
syndrome; lung inflammation; nephrotic syndrome; pericardial effusion; pleural effusion,; peimeability
associated with cardiovascular diseases such as the condition following 5myocardial infarctions and
strokes and:ghgnkke pEREHPIESE Bh A WERHBRCORIRR PIEIGE. realiny the it patiepid deatdaweldirveloped
or are at risk of developing the diseases and di rs associated with abnormal.vascular permeability
or eakage. TR R RO RE ) DY AR S et ATl e o G ERr o chsorcirs
that are asshoiatedgithisome degteécohiabniralGedigngitetationities.ofbuiDdmbodiMartithe cell

D hratve,ASRICe (R EaL i ns bodment A el proNBE Aprder 1 &fufor
[OO6O]"Tumao%f¥%§Sus§ agf?greﬁﬁ,lreﬁérgsto a neopfast(?c coe§ Jrowt anﬁlS 0pro% erétfllon, wlether

malignant cmiwdigrenénchell pleoaniegrogsredidsandehotits ceyl g td pittikEises0 ‘ohéltertid scabicer”,
“cancerousgiseloprolferatiye, disaisieri RsHiSTRVe HsHURL1BaNE e g Aot mutually

exclusive as referred to herein. [0061]The terms "cancer” and "cancerous"” refer to or describe the

physiologicBl & dition idmamin¥EGRanbafpcIRPaRads e P B UREGHERE BIf SF RN,
Examples offganeendngisiiadayt arepeliimiedde sarcnomabhanpbioma klasiomal sassema, and

leukemia or lymphojd malignapcies. Maqr rticular examples of such cancers include, but pot limited
206, seuuar S EU AR Gt h BB BollEaMEB AP LB Tt Sl col
lung caihcerahaesbral <ellihghdanekr, adabodardimimeaniiie kngandduamotiscarsnmoma of the
lung, cancer.of {he periioneu. henalopeliular.cancer. dasiric ar siomach eancerchidng. o

. {.esoP.a, A8E assaaz {su . & 106 )
gastromtes Inal cancer and gas rointes romal cancer, pancreatic cancer, glio las oma, cervical

cancer, ovaNarCaneey/ IMasearverpilduded canmsenabandenoishe 5USAanpibetieptitama, breast

cancer, colggsg)%%e%r,ﬁgsgj qug%m(b@éorectal cancer, endometrial or uterine carcinoma, salivary
gland carcinomia, kidney or renal cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic

carcinoma, [@84Pkarcinofcapein eenéimsmalastanohte sulficiarspraseing AiBEHSHIE lentigo

maligna mejanemaa lentiginaus-melanemassaadulsr mrianemasn midlipiesmyelongasand B-cell
lymphoma (including low %Ograde/follicular non-Hodg{kin's lymphoma (NHL); small lymphocytic (SL)

NHL; intermiBeibietg b5 caiholHDa e MRS g e SrlRERIHE HigH SR At fTastic
NHL; high graslelharphalsfasticohadighegrpdeisniaikinan-sleandchoat MHbs hulod digeaseNHL;
et e AP S S e e e denstoms ool e
myeloblastiesteykemis; @lidposhtidnsplantiymp opioltfebative WEORASO692, for example);
20 antibody-dependent cellular cytotoxicity (ADCC) and complement-mediated cytotoxicity
(CDC) assays (US Patent 5,500,362); and agonistic activity or hematopoiesis assays (see WO
95/27062). An anti-VEGF antibody will usually not bind to other VEGF homologues such as
VEGF-B or VEGF-C, nor other growth factors such as PIGF, PDGF or bFGF. In one
embodiment, anti-VEGF antibody is a monoclonal antibody that binds to the same epitope as
25  the monoclonal anti-VEGF antibody A4.6.] produced by hybridoma ATCC HB 10709, In
another embodiment, the anti-VEGF antibody is a recombinant humanized anti-VEGFE
monoclonal antibody generated according to Presta et al. (1997) Cancer Res. 57:4593-4599,
including but not limited to the antibody known as bevacizumab (BV; AVASTE\I®).
[0050] The anti-VEGYF antibody “Bevacizumab (BV),” also known as “rhuMAb
30 VEGF”or “AVASTYN®,” i8 a recombinant humanized anti-VEGF monoclonal antibody
generated according to Presta et al. (1997) Cancer Res. 57:4593-4599. 1t comprises mutated
human IgG1 framework regions and antigen-binding complementarity-determining regions
from the murine anti-hVEGF monoclonal antibody A.4.6.1 that blocks binding of human
VEGF to its receptors. Approximately 93% of the amino acid sequence of Bevacizumab,
35 including most of the framework regions, is derived from human IgG1, and about 7% of the
19



22 (PTLD), as well as abnormal vascular proliferation associated with phakomatoses, edema (such as
that associated with brain tumors). Meigs syndrome, brain, as well as head and neck cancer, and
associated metastases. In certain embodiments, cancers that are amenable to treatment by the
antibodies of the invention include breast cancer, colorectal cancer, rectal 5cancer, non-small cell lung

cancer, glioflagianma, Agntiosgking WiphomadiiLA4renalisalhcansan prostala cangahdivercancer,

pancreatic cancer, soft-tissue sarcoma, kaposi's sarcoma, carcinoid carcinoma, head and neck

cancer, ovaiqhidanddll ArbeatuibinLER MipReyEIdRE, sRdIhsE BB ents e tancer is

selected fromissnrl selhlung-crResesgliblasioraa e weblastomasdaetanemaobreasieascinoma,
gastric canic%er colore E%L%gncer 10 , and heﬁgtoceglrjlar carcinoma. Yet, in some embodiments,

! T r = RC £
the cancer f& S8t OESENL é@ﬁgﬁ]’ﬁé‘l&céi LEFERYGRREST Sancer, glioblastoma and breast
carcindma, [ifciifing metastaticéam 82 thosercdnestsif0d6dhetermré@niitcampoyitieidpy” refers to
a therapy useful.in treating cancer. Ex ‘ Iscancer therapeutic agents,include, but,are limited
o 0.0 ehe e U BT
radiation thisregpyibadiés dengioddnivagentsnepobtotiB AyanibodnortuBalirdagerignahedvther agents to

treat cancep.suah a5, ariER:ZanibodiRmoant;$P2R antihediesan srigsrmakarayiy:fagtor

receptor (EGFR) antagg\:ustoée. ! tg/rosine kinase Inhibitor), HER1/EGFR inhibitor (e.g., ertotinib
(Tarcevan) PpiitetEeeerivel FE%%% cHof SARTBRCTSTIESE DSBS MY 8liFrBPIAEYYate)), a COX-2

20inhifgtor (gegrpsREEMXIRY INGHRISAS. CHOkingsbLAMASANISES (8:hs RAYPizBGsatinedigs) that bind
to one or more of the following targets ErbB2, ErbB3, Er PDGFR-beta, BlyS, APRIL, BCMA or

YA et At e e e AT b (R A

thereof are lalstdmidudes foohiedpsEiTtion. {6 AnbatigiegeBitifasier il agamiddssasgoowth factor or its

receptor which is 2 in\(T?%v in stimulatin opment of blood vessels, e.g., promote
angiogen oS A AT o O o e e S oD e R o
example, angiogenicddetorns inctdetentut are not limited to, e.g., VEGF and members of the VEGF

family,and thaixseceptors ( -B,: =G -D,. V \ RZ 23), PIGF,
PDGE Ty Hhoblast oron ik 1ot s MG R o e e CIdR Neora),
T1E1, T1IEZR@EpsiriastBuBb @iz thafikends ih  WYDLOA)s et poliprosidest gebudes fhctoes lapigit ttaF GF)

and basic (Bfehdids @k @5 BMRIBMPAQ drollisialin. &ranulacyir salenystimuating;factor
(G-CSF), GM-CSF, H_epatocyé\t&g{ritz)wth factor (HGF) /scatter factor grlg,élnterlcu in-8 (IL-8), CXCL12,

Leptin, Midkifd, ShaerBpmine:; SEB U Bt oW 944tBr Rt rrivédBiabifelial cell
growth factor(PDyEQGSRE) 7P lateletic3Sderiad mrowthdactord espaomaily RReRNBBoBEIGERalpha, or

PDGFR-befd, BISIRARAN. 20070141065 and/or US Publication No. 20070020267 include, but not
limited to, G6-8, G6-23 and G6-31.
[0053] For additional antibodies see U.S, Pat. Nos. 7,060,269, 6,582,959,
6,703,020; 6,054,297, WO98/45332; WO 96/30046; W094/10202; EP 0666868B1; U.S.
Patent Application Publication Nos. 2006009360, 20050186208, 20030206899, 20030190317,

25 20030203409, and 20050112126; and Popkov et al., Journal of Immunological Methods

288:149-164 (2004). In certain embodiments, other antibodies include those that bind to a
functional epitope on human VEGF comprising of residues F17, M1§, D19, Y21, Y25, Q89,
191, K101, EI03, and C104 or, aliernatively, comprising residues F17, Y21, Q22, Y25, D63,

183 and Q89.

30 [0054] Other anti-VEGF antibodies are also known, and described, for example, in
Liang et al., J Bio/ Chem 281, 951-961 (2006).
[0055] "Treatment” refers to both therapeutic treatment and prophylactic or

preventative measures. Those in need of treatment include those already with the disorder as

well as those in which the disorder is to be prevented.
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(PTN), Progranulin, Proliferin, Transforming growth factor-alpha (TGF-alpha), Transfouning growth
factor-beta (TGF-beta), Tumor necrosis factor-alpha (TNF-alpha), Alk | , CXCR4, Notchl, Notch4,
Sema3A, Sema3C, Sema3F, Robo4, etc. It would further include factors that promote angiogenesis,
such as ESM1 and Perlecan. It would also include factors that 5accelerate wound healing, such as

growth hormgyse; insulin-likesgrguidactonnl, deakrtb ViR, SRiIBERA: SroMtRfRciar (FRln EGF-like
domain, multiple 7 (EGFL7), CTGF and members of its family, and TGF-alpha and TGF-beta. See,

e.g., KlagstriPaHiBEH & ae 1 hHE RETIBRpsidtsssd relsdingihasaniiolges (2003)
Oncogene 22u3kiba33iHRh et d Astalinia08)NatisedvadigineRil 2piksaRl 3adudeonini et al.
(2003) Oncogene 22:6549-6556 (e.g., 10Table 1 ljisting known angiogenic factors), and, Sato (2003)
1 i, OESEa 50 86 Yoo A A Cod S SHP by R BB e PAIAAS t0
small njolectiarmneightisgbstsinoe pbnpalyal vecotie ¢(nclsidiinty, ce Jgakapeirifidoitonyi R Ax RN or
siRNA)), a pel ' N iSO rotei ombinant protein, an.antibody, or conjugates or fusion
proteins thﬁ%ﬁﬁ%&%ﬁﬁ%ﬁ%ﬁ%@% @cg[sg?u%n%gggceg}g?l%?&g F] ecgll?g ] m\}g%sigaiélf“i%permeability,
either directsplstringirastiymphpidurd e uiesrstoddirart i aintiapyiogenit agestinsludes those

agents thatishand block theapgingenif eI Qe aNARICRI IRE A QLILS FEERIRL, For example,

an anti-angiogenic agent is an antibody or other antagonist to an angiogenic agent as defined above,
e.g., antiboBiE8vHE @RIReE it iHaPyoeTal Ydedptiic (O GNP RITE e ptarsr FIRnstbettor),

anti-PRGFRiphikiterss simalhmpiesenhathlank 28 VEGhiesapiREsanalingfah RIKY87/2K2284,
SU6668, SUTENT%/S%l 248 (sunitinib malate), AMG706, or those described in, e.g., international

patent applfE4ih BOAA T3 SHAY TR S GREGERE-AFERE MR BRAFEABEMRHREH o, the
following agenisgafEGotahibitdrs: shielk asawitid-sprelficcantaganishibEhkeinbibitororatiy inhibitors,
Erbitux0 (cetuximab, ImClope Systems, Inc., Branchb N.J.). Vectibix(r) (papitumumab, 25 Amgen,
Thousand Gole AT HET b p o T TE R are! GO Sy DR BT i 2
(matrix-metaioisrotsiiasoainmhibitors, add MRS (platrixmetistioproteinsds @) dhbibitoney GM547,632

(Pfizeﬁ5”‘3-ml}'écéév?é})m%@tiﬁ}?u(ﬁf%%dﬁ?@éﬁh%ﬁ!@&% 00867 &é%i&@%&rﬂ?%)ér@%?}% (Novartis),

AZD-2171), VEGF Trap (Regeneron/Aventis), Vatalani a(also known as P K-222584:
Novartis & SEREREHIYSUEY, WRETHE AP esSEhiBotasulitin PN XMBIBIRRREOISPRYiLby
Inc./Gilead/Gyetesied MG (Gtian dnce0idtiddandrMash a3 Ao RNgandieayiRgRigipthetic

ribozyme from Ribozl%r;e (Boulder, Colo.) and Chiron (Emeryville, Calif.) and combinations thereof.
Other angidtHkSF RIS ThAUBR THYGHBES PRt B0 BHEM 2 EUNEYEHIHaRd collagen
VEGF inhibiigrs-aly disslosadiiaidsS. rBiatopasic§, pddbr4 aiask6:236n664thhathaef 38wibich are
incorpgrated in their entirety for all purposes. An{i-an iogenic agents also include 24 native
ngiog e Ao R e oL I S0 g R RBH I 550 b Amore (1991)
Annu. Rey Pityisioki&8:217p89 vy Strdiparidl Debtmali (260 3) . @ptogerns 22184 7P, LAg(ehgtjkable 3 listing
anti-angiogenig AR ERakgnanLMalanamal Eeriam &alitlo Slgg%)}')\']—?z‘ S MELIENG cis;
5(12):1359-1364: Tonini et al. (2%03) Oncogene 22:6549-6556 (e.g., 5T able %ﬁ%sltfing known
antiangiogepiierfatopsyrigie 28xig (2oeg kol leimOndoksdi2a0 296 e; gniPabieteristng
anti-angiog@mnic; ageqls usebinSlininaptrials). JA0EHT hedarmAtirangieasRicthRIApYigfers to a
therapﬁl useful for thibiting, L .

5 haemolytic urernic syndrome, diabetic nephropathy or hypertensive nephrosclerosis; various
imflammatory diseases, such as arthritis, especially rheumatoid arthritis, inflammatory bowel
disease, psorsasis, sarcoidosis, arterial arteriosclerosis and diseases occurring after transplants,
endometriosis or chronic asthma and other conditions.

[0058] “Abnormal vascular permeability” occurs when the flow of fluids,

30 molecules (e.g., ions and nutrients) and cells (e.g., lymphocytes) between the vascular and
extravascular compartments 15 excessive or otherwise inappropriate (e.g., the location, timing,
degree, or onset of the vascular permeability being undesired from a medical standpoint) in a
diseased state or such that it causes a diseased state. Abnormal vascular permeability may lead
to excessive or otherwise mappropriate “leakage” of ions, water, nutrients, or cells through the

35 wvasculature. In some cases, excessive, uncontrolled, or otherwise inappropriate vascular
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angiogenesis which comprises the administration of an anti-angiogenic agent. [0066]The term
"cytotoxic agent" as used herein refers to a substance that inhibits 10or prevents a cellular function
and/or causes cell death or destruction. The term is intended to include radioactive isotopes (e.g., Atm,
/131, /125, y90, Rel86, Rel188, sm153, Bi212, p32, pb212 and radioactive isotopes of Lu),
chemotherapeutsb dgepis (ecglarmealhol exateshatiamiticvintiscalkalaigsifvinghisiing,  \dastastine,

etoposide), doxorylaicir{ melphalan (i’nitom IQ C ({:hlora,rnbu;[:il daunorLébici or pther intercalating
associated )fh fum ril ﬁd 118.% e i’grﬁ U018 ar%(:], e assoclate WIE m% %%nanc;gsl; .
agents, enzymes and fragments tnereot s h as nucteo ytIC enzymes, antibiotucs, and toxins such

as sm_aII m@I@@H'esmdmmarlemgmﬂamimamoactmwoﬁdmwqﬁ:baﬁepiaipémﬁgwfﬁn!am;qﬂmhhaI origin,
including fragments &%ﬁﬁ%@é&cﬁ%ﬁ?&%&% &[b%a‘é%ﬁ'@yﬁi%%‘d "N Q% %@'&@gﬁ&%‘ﬁ%ﬂ sclosed

below. Other cytotoxic agents are described below. A tumoricidal agent causes destruction of tumor
cells. [06 7Py orsxir! is @rijisubstanbeksasal B otikavify ardeminiamaiefestonniste0erowgh or
proliferationpf.a £eilal00681AvC herRINGraPa\ls AACHE 4lS A FHRMICACOIMROAINERIMLIN the

treatment of cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa
and cyclospRtSietmal eReTRR ANEYSRNETEEREHA S @hd8%s busulfan, improsulfan and piposulfan;
aziriﬁi?es slwﬂ’;ms benlzoddormei e@fbpmqgonﬁtluﬁega@arc@adau@q?]@?fea§iﬁwmh NS ; Qs
methylamelamines including altretaming, triethylenemelamine, triethylenephosphorami de,

rothylonet SRG ARG A A B A CHR o AR LBty Biacin and
bullatdfinore)betbitad- tetratly pracirmadei dobideo fradinal. MihEIdN@IL) [ betat) sipachibeliiapashol;
colchicines;?lbge)%gpgga{a id: a camptothecin (including the synthetic analogue topotecan (HYCAMTINO).

CPT-11 30 mnotecan,%%? IPTOSARCO, acetylcamptothecin, scopolectin, and
9-aminocartitohecin); bryoStatiar.calyseting € C-£0885 radl udindeitscatdzetesth asdrzelesin and

bizelesin sypiaiic, ARI0AUES) . RALAREYICLAXIN, Padaphyllinie, acid, JERIPOSIAS, CrRIRRRYCINS

(particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the synthetic

analogues, #§e91 80c4RENE BT R Gracriterobis e arrlibnstag s isrCo el apsrbrerd e’
35nitrggen gRystiRtRssuemasshiambueibichlarnapharingcchiprophosphamide, estrarnustine, 25
ifosfamide, mechlorethaming, mechlorethamine oxide hydrochloride, melphalan, novembichin,

phenesterird %}édnimusting,hﬁmfgﬁﬁﬂ‘@r'b?&éii'?ﬁmn ARS8 el SR Pl inlRsiFg
chlorozotocipnfdemissiiagiamtiaiineyploatlstiherandiran bhnusingsanubibfiessudxasjhe enediyne
o 5, Nicoia i1 ST Re I CASRTTICE, BT Hi TR PSR C S SOl Ai e
integrin inhitvitompelyriémidignincledingody perioiarAx andspef amicinpaswethak Nogeardingstatin
hromapts Sy A s i sl e
carzinophilicithregionsytinen daelinstheia crosuHbRssRILdatorh Bieihng-eid 26:87e%é L-norleucine,
doxorubicin.gReHRG s the lung, cancer of the peritoneum, hepatoceliular cancer, gastric or stomach
cancer including gastrointestinal cancer and gastrointestinal stromal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder cancer, cancer of the
25 urinary tract, hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carcinoma, kidney or renal cancer, prostate
cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal carcinoma, penile carcinoma,
melanoma, superficial spreading melanoma, lentigo maligna melanoma, acral lentiginous
melanomas, nodular melanomas, multiple myeloma and B-cell lymphoma (including low
30  grade/follicular non-Hodgkin's lymphoma (NHL), small lymphocytic (SL) NHL; intermediate
grade/follicular NHL, intermediate grade diffuse NHL: high grade immunoblastic NHL; high
grade lymphoblastic NHL; high grade small non-cleaved cell NHL; bulky disease NHL,;
mantle cell lymphoma; AIDS-related lymphoma; and Waldenstrom's Macroglobulinemia),
chronic lymphocytic leukemia (CL1); acute lymphoblastic leukemia (ALLY; hairy cell
35 leukemia; chronic myeloblastic leukemia; and post-transplant iymphoproliferative disorder
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ADRIAMYCINC, morpholino-doxotubicin, cyanomorpholino-doxorubicin, 2-pyrrolinodoxorubicin,
doxorubicin HCI Liposome injection (DOXILO), liposomal doxorubicin TLC D99 (MYOCETIO),
peglylated liposomal doxorubicin (CAELYX8), and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcellomycin, mitomycins such as mitomycin C, 15 mycophenolic acid, nogalamycin,
olivomycingppepiormyeisll posliemydi R puianysifeguelemyeiniLbdaipicinmirepiQrighin streptozocin,
tubercidin, beHim%)l( zino{sﬁlt]%iﬁ, z r%bici . anti-metabalites, such as methotr xatg, grem&:ita ine
(GEMZARt;J??ggg?ur%UﬁD RLG), cApécita ".ﬁ%ﬁo%ﬂ\ "an gpothitons, and S-ftStotivacil (5-FU),
combretastedimcfolicdaaisbanaibguesisemsh asdanoptatindmetiotrexais tineropterinaBOttimetrexate;
purine analggs susf a3 ludarhine SmaIARIORUIG NiAMIPKng. MNiggyanie; RYmidine analogs

such as ancitabinc, azacitidine, 6-azauridine, carmofur, cytarabinc, dideoxyuridine, doxifluridine,
enocitabinecfesuridinenah dedduns wnerr aglishlasmreomibmgstnopeoprogidhatacegitioldtanol,

mepitiostangiesialaciane.Ai-adepeals suchas Amnaolietimide, millana.Jigstankyirlic acid

replenisher such as frolinic acid; aceglatone; 25aldophosphamide glycoside; aminolevulinic acid;
eniluracil; aﬁ%ﬂ-@%ﬁ%ﬁdﬁ?&éﬁ%ﬁ?éﬁaﬁ%?Wﬁéﬂ?ﬁ%‘?%’é’ﬁi@cﬁ}éiﬁ@%ﬁ&ziquone;
elfamithine nejiiptiniuMmacelateRieRelbilerReasteg]ycits galliimnitrdie; ydiexiaea; lentinan;
lonidainine; mﬂytansinoids?fq%lch as ma;(ggnsiqe and ansamitocins; mitoguazone; mit?xantrone;
mopidanmai RitAeTAd PERRESIARAS SREAZOHK:, B FBTCHO TR SRR SHES S SHIRY AT £2TET
procariiazif€;RR Kkt ha@patyLaiechardemample xi(ldS NattiodhReodudis cugenacBiR)d fazroxane;
rhizoxin; sizofira}r_}f ﬁpgerzﬂ%ermanium' t nuaé?nic acid; tr{) gi uone'azb%'3 '-trichlorotriethﬂgmine;

I _

. 2
. Ton-31a 1 cer, ‘colorectal cancer, gli THa, a1k 45t carcinoma, meluding.
trichothecenes iespema yn?-%a?oxm, verracurin 73\, i’gl‘l in Aand anguﬁ‘lne?; ureﬁ%dn; Vindesine

(ELDISINEtFisDESNYY eldbasbazinessmannomustine; mitobronitol; mitolactol; pipobroman;
gacytosine garghinoside (A igieRa: [8K0ics o ARGHSIEAEAX QL ARSI Wess Sauiod

Oncology, Princeton, N.J.), albumin-engineered nanoparticle 26 formulation of paclitaxel
(ABRAXANGHYIRHH HbEEtasareT AROTEREEYIR AAfecPbiatid RS oAp® nih smraiesp@nibranbucil;
6-thiogganing: MNELeARIRPMIPR:NIBAY exate: -RIAIIMN agems.s9ch ARiGispialiBrLpyalipiatin (e.9.,
ELOXATINO), and carboplatin; vincas, which prevent tubulin polymerization from forming
microtubule¥ SIRETH R HIERIMRHS (SEEBANGY HC RERE- N CBR RS VbR AR e BIBINER,
FILDESING)s antiNERE itieo AL BIDES)  tiopieside {MBAR)| fastanfide;miteyanttBGER)
leucovorin; novantrone; edatrexate, daunomycin, amipopterin; ibandronate; topoisomerasednhibitor
RS 2000, ST A8 RIS OO T L A e R e e
(TARGRE Thhit! igptiosphonateb sochizasiclodiopatél¢orexdmpla i BENERO SO 60T0DSTACO),
etidronate (D Al C),:NE-580 roni i/ t QMET r
(FOSE?AAX%@%%%%& rglééli'ltéeICItZS (’A%E%Dﬁff rﬁi%%&cﬁ%%%%%ﬁ%%%%ﬁ rlseddr%\%g e%ﬁ\%%l%:ﬁ@f&);
troxacitabin@ifg @ sugiexsteite hiisl & iaaneytsshielahBlo FrbaisisahBa. SidfeRbdrettididsS particularly

those that infiikifiexresRIgN GEGERSS MosigNARAIPABWAYS dRlicaiedin akgirankag!lREalifgration,
such as, for example, PKC-alpha, Raf, H- 15Ras, an eapl,dermal growth factor receptor (EGF-R) (e.g.,
erlotinib (THEEVSTH))CARTDRER RerHaf AState BeldrdifeibgiBIeU4eRines such as THERATOPEC

vaccine and@sing therapy vagciagsioienRxaouer: AdduOVECTIN Marsipeitk RURETNE)vaccine,
and V?é(TDO vaccine, topoisomerase 1 inhibitor (e.g., LURTOTECANO); rmRH (f. ., ABARELDO-9);
A 435008 AT RAYI G ARSIt S LN 1. PROBR HGEIE L X2 20mibitr
(e.g. celecoxidooh@tdriedin) wirotbioned hidibitesf@sgaRBa4kkchbterom](y FhCXBER); CCI-779;
tifamib (R3547), ralepib. ARTRLE: BEL A IRIRLSuch s PhlS sen, Sodilim (GRNASENSEO)
plxantrone, ! inni I'FOI’S, tyrosMe Inase INNIDITors; S ine-threonine Vlnase inhibitors SUCh as
rapamycin (Sirslnaus, tRAPANIINEYE GBSy GRS e MEGTHRIBTBETBUC BS TR tamPEGTRR)6636,
SARASART}EMHGE family, fibroblast growth factor family (FGEs), TIE ligands (Angiopoietins,
30 ANGPTI, ANGPT2), TIE1, TIE2, ephrins, BvS, Delta-like ligand 4 (DLL4), Del-1, fibroblast

growth factors: acidic (aFGF) and basic (bFGF), FGF4, FGF9, BMP9, BMP10, Follistatin,

Granulocyte colony-stimulating factor (G-CSF), GM-CSF, Hepatocyte growth factor (HGF)

/scatter factor (SF}, Interteukin-8 (1L-8), CXCL12, Leptin, Midkine, neuropilins, NRPI, NRP2,

Placental growth factor, Platelet-derived endothelial cell growth factor (PD-ECGF), Platelet-

35 derived growth factor, especially PDGF-BB, PDGFR-alpha, or PDGFR-beta, Pleiotrophin
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25pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as combinations
of two or more of the above such as CHOP, an abbreviation for a combined therapy of
cyclophosphamide, doxorubicin, vincristine, and prednisolone; and FOLFOX, an abbreviation for a
treatment regimen with oxaliplatin (ELOXATINTmM) combined with 5-FU and leucovorin, and

pharmaceutieaiy, aecgpiabie, sadisicaalds ardetivalives.eh anyeldppateeaghas wealkasspmbinations
of two or more of the abpve. hemotherapeutic.agents as defined herein inc "anti-hoimonal
agents" or '%rﬁ&’(t)%#ﬁcéofﬁeer% éoﬁ(’ill%%]e?\?\):@ﬁmé%ﬁ E)rr Sd%%f ?rfg%ggéc,}ﬁ%l@@}@& bit é‘?g%ff‘:cts of
hoimones thaitciahn Soochéi8dinegrobetih 3L c&roe’ H Repaiay:belhoouidiesthemseteescineliding, but
not Imited ( ANKSSIRARN AN SRR POlPIRNEGRIYL AR IDS, 3R (RERMS), including, for
example, tamoxﬁen% cfuding OLVA Fr?tamo)qfen), 7 Tafok ene, droIcx ene,
4-hydréxytarersxitars, tioritdwelikeoxitbae crovih rotBoon apristotibs anohHARESTIOHO dnYEnE;

aromatase iRhiRitar, mnhipi 3 ,Whie ula £ _ i 0i the
adrenal glar.k?(]jms&,a g&ﬁ}%@? %%%tr?gﬁmfs )PT ﬁﬁgﬁzﬁﬁaﬁrﬁnﬁ%ﬂggﬁrﬁ?ﬁ@éﬁs@%ﬁﬁgﬂsﬁro|

acetate, ARSIIAENDY Embdaned taniee5 55 d O HERO IR VRS ORVG02E) LEMARA(N)

Il;etrolzole, Zm]AmML%Eﬂmamtsaélal@ﬁ@mtﬁfw@odg@mg@wgbm ?szlgt@ﬁﬁd,ep&ida&tf@iﬁlgm_o
icalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-dioxolane nucleoside cytosine
analog); anﬁ%ge%éév 8%8%&9?@%% é,%‘éﬁt??ﬂﬁﬁ?”t%@&ﬁhf&h(mﬂsdipéfﬁgégéi%Q)Sf‘aéﬁ’?@ f§-&ignaling
pathwafys iripliatddtinglbheranhgail arilferatonasiGres2fia3exanplelR KiE-alphaRaband H-Ras;
ribozymes 0 as a VEGF ex res§ion inhibitor,(e.g., ANGIOZYME(r),ribozyme) and a HER2
expressioniﬁﬁ%ior; vaccine%snsﬁgﬁhgréf’boegﬁ%lfha@%{%y(o\;aggﬁg%;c%cri@%ﬂ’r%%ef"ﬁ?%@\%ﬁ@ O vaccine,
LEUVECTINOlsadeinve giid N0 BO: vatoinelePIRIO (RtdNg 1t 2, 4URTOBECAN(RY@Eoisomerase 1

inhibitor; A I : Mi r I ESDS IGLE Lo-.bal, 4, 1.7 1% gnd
%ﬁsﬁ@b%& Qcﬁ.’ﬂ?'&ld\f AR ?g%ﬁ%tgé&s%gr%é %ﬁ%]% rgbci?v%eg;dlﬂ ; é(gvé?ﬁ“a{sgggembinations

pharmaceutically acceptable salts, acids or ‘ ( | .
of two or meFdwttheralsavethpaerolet 4okt MEIDEOISBgEMowRseRcsiSedr hafsirrbiergte icompound
or comgositionhioh-inbitaits growith.ef AieelBithe ki An iR ME4 R L0e amkodiment; growth

inhibitory agent is growth inhibitor antibod{;/ that prevents or reduces proliferation of a cell expressing

an antigen t&WhiEAtHEs G Brbe TdapthHirdniboinsemihacHidw el SHARBRSRafe may be
one which sighifieastiyreduces thaperceniageiotaelsdons phase:itosmples-etaruiikinbikitory
agents include.agents that blgck cell cycle progression (at a other th hase), such as agents
that induce&f%1:§1)|g?(?a9:,l g%ﬂlﬁ\ﬁ?p;%%élg%aar é/g?.’ gl%i'ss%ﬁ’lo&?ﬁﬁ%gg '&8&%%?3&% S VIREERWincristine
and vinblasting) KanespmndtpeoisomprasetitifiifittR s shibhoas slaxbrubietn]aphatiikick
daunosybicip: ' nd, bleomycig- I Il oyer into, S-phase
arrest b o I R R e St T i
mechlorethakatie). ASBATRD, nretivsrdsebal fluemuiriethaandshratait Bopthetinfdhfation can be found

in Mendelsolpand: isaelsqdsmdibe-MolgeulssRasis 8hCaAnasr vGhaRter t%eqaﬁmg%ggn@ef;cle

regulation, oncogenes, and antineoplastic drugs" by Murakami et al. (W.B. Saunders, Philadelphia,
1995), e.g., PE¢ .IWE1%§%%%%H§&F3%%%GW%E@Qfei’&ﬁ%%@éﬁlﬂ%dgéibﬂé@ﬁderived from
the yew ne@rbitux® (cetuximab, ImClone Systems, Inc., Branchburg, N.J.), Vectibix® (panitumumab,
25 Amgen, Thousand Oaks, CA), TIE2 inhibitors, IGF1R inhibitors, COX-I! {cyclooxygenase 1)
inhibitors, MMP-2 (matrix-metalloproteinase 2) inhibitors, and MMP-9 (matrix-
metalloproteinase 9) inhibitors, CP-547,632 (Pfizer Inc., NY, USA), Axitinib (Pfizer Inc.; AG-
013736), ZD-6474 (AstraZeneca), AEE788 (Novartis), AZD-2171), VEGF Trap
(Regeneron/Aventis), Vatalanib (also known as PTK-787, ZK-222584: Novartis & Schering A
30 G), Macugen (pegaptanib octasodium, NX-1838, EYE-001, Pfizer Inc./Gilead/Eyetech),
IM862 {Cytran Inc. of Kirkland, Wash., USA); and angiozyme, a synthetic ribozyme from
Ribozyme (Boulder, Colo.) and Chiron (Emeryville, Calif.) and combinations thereof. Other
angiogenesis inhibitors include thrombospondint, thrombospondin2, collagen IV and collagen
XVIIL. VEGF inhibitors are disclosed in U.S. Pat. Nos. 6,534,524 and 6,235,764, both of
35  which are mcorporated in their entirety for all purposes. Anti-angiogenic agents also include
24



Docetaxel (TAXOTEREC, Rhone-Poulenc Rorer), derived from the European yew, is a semisynthetic
analogue of paclitaxel (TAXOL(r), Bristol-Myers Squibb). Paclitaxel and docetaxel promote the
assembly of microtubules from tubulin dimers and stabilize rnicrotubules by preventing
depolymerization, which results in the inhibition of mitosis in 35cells. [0071]By "radiation therapy" is
meant the wae af diggiecgamniaitay s s bataisaysiiodnthserisuiicidat dagnadiedaacelido as to limit

its ability to function ally or 1o destroy the cell altogether. Itwill be jated that 1! will be
many Waysér%Wﬁ% rﬁ %%Ba‘#[}{ 6 'd%é‘rﬁﬁ‘ségtiﬁ@% ffl} % St ‘mA ﬂ\étm?rtégmg\’tﬁ.c cf‘i/%l%ﬁ#t?gz?

€'dosagé’and duration o ments arc
given as a 0hé&Stime Seadieidibtatipmand dypicat dosage srremfenormdi@nonR)Ofignitsa(Gralisiper day.

[oo72]"Marmyuah oL pHiReseS el Heaiment islersria,anx.AnmAkElASHIled a%a mamemal; jaguding

humans, domestic and farm animals, and zoo, sports, or pet animals, such as dogs, horses, cats,

cows, étc. PraférabifinhEnearmmnadisingeniEnafouy8]aHe et 28htidedy” héreifisiiseddtriRé broadest
sense and @ggiﬁg@@ylquﬁﬁsa]%gdy@gggw%@mig&gi%&ﬁggﬂ&qggyII length monoclonal antibodies),

polyclonal antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody fragments so
long as the}PEBlbit the desit88 BiBlogEaFAERHER qHeraKnra&stdtetitharmcty e BidWiititas been
identified apgoseRaraied aoR/Qniesomeatrh fiahi aeompanenihof dtsnataial:eayvironment. Contaminant
components of jts 15natural environment are materials which would interfere with research, diagnostic
o1 thorape il tes for the AMESG). ST TR SN LR ARG BHALSH B bt beca0us o
nonprfeinacqoessolatedlularsome emnbddinents anl datithachdestputified hetegreatardinid 86% by
weight of antibody as detcimined by, for example, th ry methods andin some,embodiments, to
greater tha}fi&éi%ay%v?/%?ﬁﬁ% y S%Of%eg{ﬁg@ré?sh fic’léhrﬁ ’%@gbi{(aﬁin é?EOIéE%}t 15§rlesi§laeé of N?tne%lnminal or
internal amméiwﬂ@émmﬁymemmmm@gwﬁpmrgmglcﬁhptwqtmﬁdtw&@ﬁm&womoge_neity
by SDS-PAGENISHRAHEING AhPQAIRE RGN IHaNaRIAg O R RIR. fipgassie blue or silver

stain. Isolated antibody includes the antibody in situ within recombinant cells since at'least one
component i FFHEEH BOREFAI B ARG RS AR kI B SR BESprESERES CRdifageibibevef seédlated
antibogly willshe Negpareshbynad:2 plgdRiRRCRUTHiGation:a e AN trliNalive antiBpeiesmare agually

heterotetrameric %Iy_coproteins,of about 150,000 daltons, composed of two identical light (L) chains

and two ide?titi B (9 CHEthS "BELPIHOERBIF S Tk t5 4 AP EREI B)6rie"cttient
disulfide bomdrawhiledhrenumberafidisidfideadinkages vasiesdiriong thecheaWyhehaing®fidifferent
immunoglotuin jsohvpes. Eash AGhegy. and ight chiain, sl s, equlafly spaced inrachain disuifde
bridges. Each %eavy chain
[0067] A “toxm” is any substance capable of having a detrimental effect on the
20 growth or proliferation of a cell.
[0068] A "chemotherapeutic agent" is a chemical compound useful in the treatment
of cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa and
cyclosphosphamide (CYTOXAN®); alkyl sulfonates such as busulfan, improsuifan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
25 cthylenimines and methylamelamines including altretamine, triethylenemelamine,
triethylenephosphoramide, triethylenethiophosphoramide and trimethylomelamine;
acetogenins (especially bullatacin and bullatacinone);, delta-9-tetrahydrocannabinol
{dronabinol, MARINOL®); beta-lapachone; lapachol; colchicines; betulinic acid; a
camptothecin (including the synthetic analogue topotecan (HY CAMTIN®), CPT-11
30 (irinotecan, CAMPTOSAR®), acetylcamptothecin, scopolectin, and 9-aminocamptothecin);
bryostatin; callystatin, CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic
analogues); podophyliotoxin; podophyllinic acid; teniposide; cryptophyceins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the synthetic
analogues, KW-2189 and CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin,
35 nitrogen mustards such as chlorambucil, chiernaphazine, chlorophosphamide, estramustine,
25



has at one end a variable domain (VH) followed by a number of constant domains. Each light chain
has a variable domain at one end (VT) and a constant domain at its other end; the constant domain of
the light chain is aligned with the first constant domain of the heavy chain, and the light chain variable
domain is aligned with the variable domain of the heavy chain. Particular amino acid residues are

believed to fsRamniintestate-hrivernthenightichain andbeawscliaitivatiablie:damainen fQ976] The
term "constalrllt domain" relzfr.s to the P{og}i&g of an immuno I?ggulin molecule avin% a maore conserved

SGUEHCE AT otREF SEHISH B SRS S RGBT SHiE DuriaBie Hoinain, which

amino acid%equencet’ ative'to
contains thelatigetrdindingpsitend Herconstanbdosnain containsthei@ubrGbi3tanducida damains
,(,CO".eCt'Ve'yengﬁ!}n%féﬁ?hfb‘?@@ge‘?%?}@aﬁ ﬁﬁﬁc%f'ésé%%g c‘%ﬁ@ﬁ?ﬁ%?&%heaﬂgﬁ‘%fﬂ%ﬁ" 1097 The

variable region” or "variable domain™ of an antibody refers to t € amino- terminal domains of the

heavy ér ligtmegdih(efeecaniisoldyu Phel/ vdrgble doenalnbifiheEre/ héaviB3RiA B be referred to as
"VH." The veripble domainagfithe lightshainimnay. Re:efeted {0 afn Vi Hiese domains are generally

the most variable parts of an antibody and contain the antigen-binding sites. [007‘8]The.term "variable"
refers to thé SR tpist e efRiplFsiRare shaa shme e A dRre e QuREIER Hiseddite among
antibodies angtasadiaaenidherbindingaoehiaspecticivnafeachparieuaranibedyiferitsparticular
antigen. Howeyver, the variagilit}{[is not evergéy distributed throughout the variable domains of

\
antibodies. T84 E AL REIEE APt e S LS HE RS RAIRS H B KRBT Pt gRS RAPRE hoth in the
light-ch@in @ndntivetiicavyechaincuariatite déroaink-nthkeutiare dighlyttansarniediportions of variable
domains ar | ework regions (FR)..The variable domajns of native heavy and light chains
oo comm e S S R S A by throe
HVRs,_whimmid@pmm@mg,chmmWMEm&%k@)pWDWeim@ée&@wure. The
Ve In eash @helnae ke Iageiberin ainae IR be R BpigneAnd WL IREHY RS rom

the other chain, contribute to the formation of the antigen-binding site of anti S (see Kabat et al.,
SequencesBIPPsEHS GEMsRUNSTEBIEE! TREFRILIIRA EdifB CiNafolald fsttomscst €6 Health,
Bethesgda, WC%%E,CEQQW@MWQMQMEQNW};@ﬁt%ﬂ{},@ﬁg pﬁr;gw;sgﬁf an antibody to
an antigen, but exhibit various effector functions, such as participation of the antibody in
antibody-d%W%WP&?%W%@W@T%@”W@HF%%r?'éb%?‘gﬁ’ti BSOS RSB bulins) from any
vertebrate spediesn; athmaebassigeed @ anehofbvacleatyidistisctyprs rallegdappa (x) and

Teotype: o T ORAL s EEET AR Ary OPHLe e BSEL BT MIRINbglobins defined by
the chemicabardetmstigeniclcharsiciedsticssohitheis dongtaniregitnscf008 HPepending on the amino
oSS P TR B A0St Il ) o
pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as calusierone,
dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone;
25 aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil;
bisantrene; edafraxate; defofamine; demecolcine; diaziquone; elfornithine; eliiptinium acetate,
an epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids
such as maytansine and ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitracrine;
pentostatin; phenamet; pirarubicin; losoxantrone; 2-cthylhydrazide; procarbazine; PSK®
30 polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran;
spirogermanium, tenuazonic acid; triaziquone; 2,22 -trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and anguidine), urethan; vindesine
(ELDISINE®, FILDESIN®); dacarbazine; mannomustine; mitobronitol; mitolactol;
pipobroman; gacytosine; arabinoside (“Ara-C”); thiotepa; taxoid, e.g., paclitaxel (TAXOL®,
35  Bristol-Myers Squibb Oncology, Princeton, N.J.), albumin-engineered nanoparticle
26



major classes of immunoglobulins: IgA, IgD, IgE, 1gG, and IgM, and several of these may be further -
divided into subclasses (isotypes), e.g., 1gGi, 19G2, IgG3, 1g64, IgAi, and IgA2. The heavy chain
constant domains that correspond to the different classes of immunoglobulins are called a, 6, c, y, and
u, respectively. The subunit structures and three-dimensional configurations of different classes of
immunogloBuins aienweddchiawel ansrlescrived gendradyetax S BXINPER AbPaseiakdortivlar and
Mol. Immunglogy, 4th ed..(W.B. Saunders, Co., 2000). An antibody may be part of a larger fusion
olecule, e By v IR L RBOHASh S Aoy v Cre 1 MO iner
proteins or pegutidesh[@082) e teraip il (engthldMRIBN® lintattabtibedy. endkbwhiolkehantibody" are
10 used he q&ég{@&g@@g eRblY 49 %f]?%qn ' % in its sub ially intact form, not antibody

é; 3 g RR19 aﬂ%ﬁﬂ@ ¥THME%E% ;i %D%@%@@%JQ&

fragments as defined below. The teons particularly refer to an antibody with heavy chains that contain
an Fc régiohY foaR S neketsarabGayC oY N puiipdesacHElH S arRantibBdiy N4t sandt conjugated to
a cytotoxic MRIehiLRlk r@g@;@@,@iﬂ@é@fg%ﬂﬁé&@ipgaymﬁr@g_w&%i&arﬁﬁ{éé&@r&@&ifaecet,@x@ni;ntact

antibody, preferably comprising the antigen binding region thereof. Examples of antibody fragments
include Fabl9vARir e sd ot FpRm e TaBeaies  nfskpraitiso e irye ek aREBody
molecules; agehrautiispasiinasibadiessmmed fomiantihody Fagmentsd 0RsaiRanainAigestion of
antibodies identical antigen-binding 20fragments, called "Fab" fr ents, each with a
single antig%%(ﬁg%w@%%ﬁgg %?8@? G ﬁ%éﬂfkﬂ‘?ﬁﬁl@%ee ﬁﬁﬂ@iﬁ@%@%ﬁ@%}ﬁﬁty to crystallize
readily.OPei3HT tr€ainmendryielcs BICIR@L ) ffag NE MR, hak droiantgirekdrobiniig GEsTac)is still
capable of cross-linki i 86]'FV" is the, minuy tibody fr ich contains a
complete aﬁi%igsirrﬁnflée w%ﬁl%g%pﬁ)é[@l% %%%%%ﬁo%%%n ,at ba-égﬁgrl?ln)é‘\? 2%@(%}? \é@cl;)]hg}sts of a dimer of
one heavy-@@drgﬂfédi@%@méiﬁwbie@éﬁd@ﬁa_in(ifnJ_tjérldﬁpn@hmaibnsiasw@ia'ti@ﬁnﬁﬁpa)singIe-chai_n Fv
(ScPv) specifia ane fIgmi: ABARNG Bl chRarghla Aamali,Fan e SN iakedby a flexibie

peptide linker such that the light and heavai chains can associate in a "dimeric” structure analogous to
that in a tw@ERERYPMBHetRSIneReTHFIRCE SrpigGraton thelt tselthreerNREbE30R:RekriEble domain
interagtsto defineAnsatigen-bipding.sie rrdpe swtace pfibe Mdkl dimes wotipctivelys the six HVRs

confer antigen-binding specificity to the antibody. However, even a single variable domain (or half of

an Fv compn&AgBHy tHRR R LBEROH PR AhlitER haSthe BRI E5BRIEZEEN bind
antigen, althacgieatfarlevierpdfinity thdatTerentire dirditg steC [0887TLhenkadn fragmenticontains the

heavy- and light-chain variable domains and al c@t% pnsg?#t domaij (%t e i gt chain and
the irst con i GRS o D REy e Ak ARG B GeS ot EARABinants by the
addition of &fevi Besifuesraficthb: dhrbox\sternmidiy ohihieibedivy ENAIR, CHAcgopeaiiodimel UdD Dne or
more gysteipgn Il DeoRRiRdy ANAB(RYAP.ESB R RANG desanainn. Rereln o Fab’ In which
the cysteine residue(s) of the constant domains bear a free t |01 group. (ab’)2 antibody fragments
originally wéYEbtothlEE): 4 pairS Gt AGAeriewhitinhayShihige Bybteinkibisatvekasthem. Other
chemical coyphings.al:aaioyiiragmensaemaadarviciI0aHiRnalaRhai kvl mtehtorantibody
fragments comprise the VH and VL _ o ,
serine-threonine kinase inhibitors such as rapamycin (sirolimus, RAPAMUNE®),
farnesyltransferase inhibitors such as lonafarnib (SCH 6636, SARASAR™); and
25  pharmaceutically acceptable salts, acids or dertvatives of any of the above; as well as
combinations of two or more of the above such as CHOP, an abbreviation for a combined
therapy of cyclophosphamide, doxorubicin, vineristine, and prednisolone; and FOLFOX, an
abbreviation for a treatment regimen with oxaliplatin (ELOXATIN™) combined with 5-FU
and leucovorin, and pharmaceutically acceptable salts, acids or derivatives of any of the above;
36 as well as combinations of two or more of the above.
[0069] Chemotherapeutic agents as defined herein include “anti-hormonal
agents” or “endocrine therapeutics” which act to regulate, reduce, block, or inhibit the effects
of hormones that can promote the growth of cancer. They may be hormones themselves,
including, but not limited to: anti-estrogens and selective estrogen receptor modulators
35 (SERMs), including, for example, tamoxifen (including NOLVADEX® tamoxifen),
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10domains of antibody, wherein these domains are present in a single polypeptide chain. Generally,
the scFv polypeptide further comprises a polypeptide linker between the V1-1 and VL domains which
enables the scFy to foim the desired structure for antigen binding. For a review of scFv, see, e.g.,
Plucktlilin, in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds.,

(Springer-VieriagteNe w9k 9 W)y B 28931 el ARABEIENE-tRimninbodigs krefersitaantibody
fragments with two antigen-binding sites, which. fragments comprise a heavy-chain variaple domain
(VH) conne%ﬁgé"L %ﬁ&ﬁpcﬁ% b g AT R f‘h@té’gﬁgétﬁ%‘?ﬁé @%ﬂ‘?ﬁl‘—%\ﬁ_ . By using
a linker thatdglaa:sbars genalloviupadiirig the trdeanithiaiw womaifson iheisanie)chaiazthe.domains are
forced to pair with, the, compl omains of another.chain and.create two aptigen-binding sites.
20Diaboc e B s R DI e ot Ao S KT s, o Grdrible, £
404,097, Wiad4geB/R NGt ORGIsamatal F RAtRIsH 19t12014,34d 200051 B R eliimgerat aindProc. Natl.

Acad. Sci. 9&&9@@%“5&%‘% %F[Rj%ﬁ)dJ %Q&%‘?&?&lﬁﬂﬁﬁ&ﬂﬁ& ligs Hgialsa-descuhad. inkugson etal.,

Nat. Med. 9:129-134 (2003). [0090]The term "monoclonal antibody as used hérein refers to an
antibody obtaiffed2Bhma bopipatbnorsipstspramshersdehesisamsdgesidegidgse individual
a”“bOFi'eS %%&El%ﬂgtﬁﬂé‘cR@Bbﬁﬁ%ﬁ%ﬁ@fﬁ%l&%%&%@ﬁﬁ%@ﬁﬁ%@. AN ARSI 8aRd ﬁ@turall_y _
occurring mutations, that may be present in minor amounts. Thus, the modifier "monoclonal” indicates

the charactB? SR ahBESHY 4ot il DhidiRiof BiscibteaRtbsrids RrscERama Bstiments,
such g gnongclonediantibadyidyaitatidnglides N EtiDsdyE ampRsiogacopeiRpeptiessaguence that
binds a target, wherein the target-binding polypeptide sequence,w iped.by a process that
includes tha RSSO RO TG RV TUE B e B G PRI S bolypapide
sequences LEdNSXaniple, theiselection/prdbes sacamd) & Riel SBl&dien df & uhlgRIEEITHANM a plurality
of clones, such.as a pool of;hyhrid o)  ¢lones, or recombinant DNA ¢ Syt should be
Lnderstooa B e e B B Ll prove
affinity for th tAdyet, 1 Band nhampesuhestirgetcbinbinsplequeticr, derimproveirnpdductbm cell
culturgsto reducg IS IMIBLSENSILY N ViMe dQ ifalg,adnultispecific antibody, etc., and that an

antibody comprising the altered target binding sequence is also a monoclonal antibody of this

invention. 10%83Rkrast to polytIcHarEhBPErégeiatsha WhatthetypidalfiaferERMIMEIE AT antibodies

Sdirected agaiRsisdiferenicHetarpinarisdepitopastitach mepeelonalantibeslyafi masaclonal
antibody preparation js directed against a single determipant on an anti?en. In ad%’%i n to th

. ina ir
specificity, FBHLIBNL SRBEHY PrelgayiiBAO e AaU AR R AP TAES S TR IRy on of
uncontaminafé¢e:py-etheranmipagtobhidnsh{Ga8hiihe imbdifieainienealbodinbndidaiesoting character
of the antibedy.as being A9, htained from a substaptially nomoaeneous,papulaiion of aibodies, and
is not fo be ‘Construe as'reqblrlng pro Gction of the antibe y by'any paﬁlcular methot ,dfio'r example,
the monoclératrahticgdiestd bdibsedyingansordhnicayviths thet invektioh ey regraderbizaavariety of

techniques, JAcluRiNg «ioF SxAMBlesibe MYRUFQMAM/NAHE G ol RAMISIRIN NALLES,

256:495-97 (1975), Hongo et at, Hybridoma, 14 (3): 253-260 (1995), Harlow et at, 15 Antibodies: A
Laboratory Marat bledierspeiug Hagherabepatsiinp redsy iphigssiac ) gBa@yecs, and topoisomerase

I inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin. Those

25 agents that arrest G1 also spill over into S-phase arrest, for example, DNA alkylating agents
such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5~
fluorouracil, and ara-C. Further information can be found in Mendelsohn and Israel, eds., The
Molecular Basis of Cancer, Chapter 1, entitled "Cell cycle regulation, oncogenes, and
antineoplastic drugs" by Murakami et al. (W.B. Saunders, Philadelphia, 1995), e.g., p. 13. The

30 taxanes (paclitaxel and docetaxel) are anticancer drugs both derived from the yew tree.
Docetaxel (TAXOTERE®, Rhone-Poulenc Rorer), derived from the European yew, is a
semisynthetic analogue of paclitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxel and
docetaxel promote the agsembly of microtubules from tubulin dimers and stabilize
microtubules by preventing depolymerization, which results in the inhibition of mitosis in

35 cells.



Hammerling et at, in: Monoclonal Antibodies and T-Cell Hvbridonzas 563-681 (Elsevier, N.Y., 1981)),
recombinant DNA methods (see, e.g., U.S. Patent No. 4,816,567), phage-display technologies (see,
e.g., Clackson et at, Nature, 352: 624-628 (1991); Marks et at, J. Mol. Riot 222: 581-597 (1992); Sidhu
et at, J. Mol. Biol. 338(2): 299-310 (2004); Lee et at, J. Mol. 20Biol. 340(5): 1073-1093 (2004);

Fcllouse, ProgyNatl. Acad. 8¢i-kISaidh ddh 3¢ ekt t2RQ04kRnd Lesueh Alysbioaungk
Methods 284(1-2): 1%%%%%2004), and technologies for producing human or human-like antibodies in
ordl

animals thafHA¢EH4 ABPiRe IuntaH InAidn OgIEBtHRPIEE! BB eresalgon i oy
immunoglobidicefefugaes (@ealidgapWei1R9824893; WiDh2 996434096 1M EnLAI8L33735; WO
1991/10741, _\gakob_o its grat, Prgrc:i. 2 Natl.f,tAcaid. 'Sci.TUSA I‘BQ:_ 2551 1993?; Jakobovits et al., Nature
362: 255-2 f%?éﬁruog%%n%nn B A I huna ' 35 TTHES) A7 8 VPAfS A NB L™ 545 807;
5,545,806; BJB60i82H06, 6RE15H 64! 563804 25 wrrftos) 86 10AB) MaskSietval,fieialfechnology 10: 779-783
(1992); Lon tal., N AL 8: -859 (1994). I Nature 368; 812- 1994); Fishwild et
at, Nature E!i?gg%: not 14%%%@1 ﬁ%&i ?%éuﬁ%%%%%%%%?&%ﬁﬁ%?diﬁgagsé%%é@@%); and
Lonberg anth#4eiszhinfiidit: Renanmfeuivsticl@rieBrop:(1995) ajo0sR) Fherthoneeiomaaltibodies herein

specifically jgclygle hehimers, anibeaies inawhich @nkian eifheheavy and/or light chain is identical
with or homglogous to corresponding sequences in antibodies derived from a particular species or
belonging t6% Prticular itse8y Et‘}g?%dé’r SeBLssGhilet bR @ Teadrairar otk ererEifly RoMENtical
with on @5hemaleaeis deBediesgandiigskauenaasisrabihediaswirve dEnmaapihersnsgies or 33
belonging to another antibody, class or subclass, as well as fragments_of such antibodies, so long as
they exhibit L FESHAG BITBUIEA Aot 0i ok, R 000 &) PRI NG A RIS SR PR ISon ot al,

Proc. Natl. Adatlit8ei.des5AIB10685642168551($984)). Chimeric antibodies include PRIMATIZED(r)
antibodies W in the antigensbinding, regjon of the. antipody is Sderi: from an antjbo roduced
by, e.g., im\ir/wni@ing ma%%d%oﬁtgr@?kggg%w # 1 %ngr‘ﬁpd%n%ﬁ% %?és??[gggﬂpé%?ﬁﬁrmzeg o(?lrﬁ)”ls of
non-humantgeqy<raduiieTe pantivodios effgscimedicrantbodies that oontain simransegflience derived

from non-human immimealapuylin lo.qne %Hl&?@)&?d’ht@%ﬂ@@ﬂ%%@%bﬁ%ﬁ%ﬁ@&“a”

immunoglobulin (recipient antibody) in which 10 residues from a HVR of the recipient are replaced by

residues froRFEIVR Bies 196 A aRTRAGHaBIbR( didrds IO sismasemedetiet, rabbit, or
nonhuman primatec-hanogibeArsiressnesificity. affiait, ansbarsanaciyalnRene insianges FR

residues of the human immunoglobulin are replaced by corresponding non-human residues.
Furthermor&® BTASHASS ribodiesthal AeERisHSs fedianetiha SrechsmiambshraraEHieht antibody

or in the donad Hsantibadydibhase medificatipasovmaybbevmadety fudhesrefingmrnihesyipardarmance.
In gengal. g Jumenized anjibody wil comprise substatally all of gt east ane, and ypically two,
variable domains; in' which all or su s{antla?y ah of the ﬁyper aria {T)J%S(S:p% cSEsHoha t those of a
non-humansgnmugcytotratinnand atl(6y substatatyydiyFHePPRE arglthoskiahg drumarducing
immu noQIOk&UH@iE@&L@?&? fg@m&%ggl%%b&gg &%ngﬂ%?ﬁ” ! h&!?a?eﬁoa%]t%g)scﬁf cludes the
antibody in situ within recombinant cells since at least one component of the antibody's natural
environment will not be present. Ordinarily, however, isolated antibody will be prepared by at
25 least one purification step.
[0075] "Native antibodies” are usually heterotetrameric glycoproteins of about 150,000
daltons, composed of two identical light (1.) chaing and two identical heavy (H) chains. Each
light chain is linked to a heavy chain by one covalent disulfide bond, while the number of
disulfide linkages varies among the heavy chains of different immunoglobulin isotypes. Each
30 heavy and light chain also has regularly spaced intrachain disulfide bridges. Each heavy chain
has at one end a variable domain (Vy) followed by a number of constant domains. Each light
chain has a vartable domain at one end (V1) and & constant domain at its other end; the

constant domain of the light chain is aligned with the first constant domain of the heavy chain,

and the light chain variable domain is aligned with the variable domain of the heavy chain.
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20 least a portion of an immunoglobulin constant region (Fe), typically that of a human
immunoglobulin. For further details, see, e.g., Jones et al., Nature 321:522-525 (1986) Riechmann et
al.. Nature 332:323-329 (1988); and Presta, Gun-. Op. Struct. Biol. 2:593-596 (1992). See also, e.g.,
Vaswani and Hamilton, Ann, Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc.
Transactiornm#23:Ji035miN38:{d 895)udd urlehaneh &I as foru. ipf 2 Bieteah. HAR&M3IGIAR4); and U.S.
Pat. Nos. 6,982,321 and 7’b 87,409. £0094]A "human antibody" is one which possesses an amino acid
sequence Wlﬁftcvﬁgo‘?}%gﬁ%% %?81{}?1&% of an antibody produced by a human and/or has been made
using any ofibigsiechnigUdés fermiatangdiuivaniahtiiodiesthsrdisslosddheneinnddiibdéfinition of a
human antipady. spagilisally excludes A dumanized Antkady cameiising UMD ANtgen-binding

Il
30 residues. Human antibodies can be pro using'various techniques known in the art, including

phage-displayipreglebuMotigenbebin deneriwimechkoverBibk, a2 zesdintiod sife MBrk s@stbt. Mol

Biol., 222:58d (139 Lan 50 Available forihe prepatationehibynay, mangelanakanfibrdiesarigdmethods
described in Cole et aL, Monoc onal Antibodies and Cancer Therapy, Alan R. LiSs, p. 77 0985);

Boerncr et &P (Rirfdindonain @l theledi49n). 35 See also van Dijk and van de Winkel, Curr. Opin.

Pharmacol 7368-74 (2004 Huptar niingdies ke bermirpares By adynistosakbenigen 0 a
transgenlc animal that has n modified.t pro uc uch antibodies In response to ntlgenIC
vk ol vt Sty el o A AR D ot
Pat. Nids. 6}&45y18hianah6 5@ 584dregardvig. X BENOMOQUIS Edim e chtieldgh) chee mtgobdor example, Li

et aL, Proc. 5.Natl. Aca e,t.?:hJSA, 103:3557-3562 (2006) regarding human antibodies generated via
2 iman B B o5 bb R A S R o 1 s o
stronger birdittgiatfinisptfgerabizhtigencirom a first mammalian species than it has for a homologue of

that a“tige'}(ggﬁ%a secoRgnam %%Bl_ép?&&%1&'&.@‘?@4{%_&'{‘83?18%%%?58%9‘3?‘9]%%%%%0dy “binds

specifically’ Oa human antigen (e.g., has a binding affinity (Kd) value of no more than about | x
10-7 M, preferaiiRs S iscrdmars NuB gEqRIte BwngHatihederay He wiestentHirbawiong and 10-9 M) but

has a pindingeaffipity (@%M?m@émmfb% FHGSHFRN A SecRRd ABRRYMARMAMBIAHIAR sHecies
which is at least about 50 fold, or at least about 500 fold, or at least about 1000 fold, weaker than its
binding affirfity"or e Ruhit aHeRRH BaeapbiGdsepurbrittadtiod) tArEE T8 %Ay O TRE various
types of antibgdessasitafingdrahmige bigipieferably i humarigediaihundafanibodya{®096] The
term "hypervariable region,” "HVR," or."HY,"” when used.herein refers to the regions,of an antibody
vatiabie cor ARIRTTARS Hy RO IS R R e e Rty ST e
Generally, draibodiels ©gmpridi sixIHy/Rsiathretinatheol ba(Hd he2, 20 K3Y, dnchthred totheiNL (Li, L2,
L3). In,pativ, bodies, Ispl € i ity of S [ icular is
peeval to B e B B T oty
13:37-45 (2000) IgohrsonrecaieBVing if MehotsinavRentay Biohsgyrr4Bert 25yttored! bEUMBA Press,

Totowa, NJ; %)cdmwhaa%@we@m{amﬁ@m@aﬂ&éqﬂi%§&s§£§ﬁpgﬂ mbeAMY.ghgin only are

functional and 25stable in the absence of light chain. See, e.g., Hamers-Casterman et al., Nature
363:446-44B1L80) B He ARG BHC MOt & TR Bidhoa ey E fiupge of antibodics (sco Kabat
ct al., Sequences of Proteins of Immunological Interest, Fifth Edition, National Institute of
25 Health, Bethesda, MD (1991)). The constant domains are not involved directly in the binding
of an antibody to an antigen, but exhibit various effector functions, such as participation of the
antibody in antibody-dependent celiular toxicity.
[6079] The “light chains” of antibodies (immunoglobulins) from any vertebrate species
can be assigned to one of two clearly distinct types, called kappa (x) and lambda (A}, based on
30  the amino acid sequences of their constant domains.
[0080] The term 1gG “isotype: or “subclass” as used herein is meant any of the
subclasses of immunoglobulins defined by the chemical and antigenic characteristics of their
constant regions.
[0081] Depending on the amino acid sequences of the constant domains of their heavy
35 chains, antibodies (immunoglobuling) can be assigned to different classes. There are five
30



[0097]A number of HVR delineations are in use and are encompassed herein. The Kabat
Complementarity Determining Regions (CDRs) are based on sequence variability and are the most
commonly used (Kabat et al., Sequences of Proteins of Immunological Interest, 30 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, MD. (1991)). Chothia refers instead to the

location of thejsirietseabiaansuchpthinamnt AeskoVipe Biat, 106 1984 -:94 ¢887) tHRe AMEHVRS
represent a.compromise between the Kabat HVRs Chothig structural loops, and are ysed by
Oxford Mole rﬁ%?é? M?ﬁﬁgalﬁffb%%ﬁlﬁ%ﬁeﬁﬁogiygg%%?e?f? & q@éﬂtﬁ%&l—% %lb%%r&éﬁ Zﬁ{%nalysis of
the availableceoymyplex csystalisisucturebailtrer3psesidubs fidhreachotihdimidMidsiabelotad below.
Loop Kabat AbMChothia Contact ---- - ---= Li1.24-1.34 | 24-1 34 | 26-1 32 L 30-L36. L2 | 50-L56 L50-L56
L0055 | 4T EB BT BoLt BT TG T B g Hes 1R Hoo. a2
H30-H35B (Kabathlimbefidigltdtt 3dsdd 85iRG:3H bRG:HB2 W8 0:35 (@HakhiaiNuhgberindy 10H2

mey compre SRR VR o ol S8 A 3, 4 U SO e ) i 80,97 or

89-96 (L3) #Pfie. \Anand 2en3mqHlY pen-65: dirao 652 nalnenb3 fasrd byowvdenter 982102 (H3) in the
VH. The vagiable domain.residvas ahe i Reie R Arding, io-<ahes & @l p iRk, for each of these

definitions. [0099]"Framework" or "FR" residues are those variable domain residues other than the
HVR residud8%d herein GBFiFEBIS[FHOTTES taibodurabiE tomithndesiade HipHbaHlg &8 #H¥Kabat" or
aminojacid @R PRsitianuoresing Bsdndiabatn andvaiatinnsdhessefiiefars dathe Mimbariag system
used for heavy chain varigbl maing or light chain variable domains of the compilation of antibodies
i Kabat ot QSR ASREP i iy SRS e B LR A S GERER iy
contain fewesrpsiadditionaliamino acids corresponding to a shortening of, or insertion into, a FR or
HVR of the {Yﬁﬁgﬂ)le domgi nﬁaﬁc%cr:l %%%5%81!?” t%rqgg‘ \Ié ;]%Q‘;%Q lye%g%qlsean antibody that is not conjugated
to a cytotoxic moiety or radiolabel.
15 [0084] "Antibody fragments" comprise a portion of an intact antibody, preferably
comprising the antigen binding region thereof. Examples of antibody fragments include Fab,
Fab', F(ab"),, and Fv fragments; diabodies; linear antibodies; single-chain antibody molecules;
and multispecific antibodies formed from antibody fragments.
[0OB5] Papain digestion of antibodies produces two identical antigen-binding
20 frapments, called “Fab” frapments, each with a single antigen-binding site, and a residual “F¢”
fragment, whose name reflects its ability to crystallize readily. Pepsin treatment yields an
F(ab’), fragment that has two antigen-combining sites and 1s still capable of cross-linking
antigen.
[0086] “Fv™ 1§ the minimum antibody fragment which contains a complete antigen-
25 Dbinding site. In one embodiment, a two-chain Fv species consists of a dimer of one heavy- and
one light-chain variable domain in tight, non-covalent association. In a single-chain Fv (scFv)
. species, one heavy- and one light-chain variable domain can be covalently linked by a flexible
peptide linker such that the light and heavy chains can associate 1n a “dimeric” structure
analogous to that in a two-chain Fv species. It 18 in this configuration that the three HVRs of
30 each variable domain interact to define an antigen-binding site on the surface of the VH-VL
dimer. Coliectively, the six HVRs confer antigen-binding specificity to the antibody.
However, even a singie variable domain (or half of an Fv comprising only three HVRSs specific
for an antigen) has the ability to recognize and bind antigen, although at a lower affinity than

the entire binding site,
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25domain may include a single amino acid insert (residue 52a according to Kabat) after residue 52 of
H2 and inserted residues (e.g. residues 82a, 82b, and 82c, etc. according to Kabat) after heavy chain
FR residue 82. The Kabat numbering of residues may be determined for a given antibody by alignment
at regions of homology of the sequence of the antibody with a "standard" Kabat numbered sequence.

30[0101]Thpyisahat numbae rasksRRBrsasRaatc usedywheniefering (:3. /st inthsvagiable
domain (apgroxima ely residues 1-107 of the light chair%%lnd residues 1-113 of the heavy chain) (e.g.

Kabat et al. " EEH e RESOBFIHRMBDGICAF eBr LR B AT ERe PEHIRO LR A B CEENAROMS! Institutes of
Health, Bethesdachvlid. (A0 1))gmhets BifaurobeFatgfeysiems by tiUdaten'd8 graeralliudsedivhen
refening togggcsni{d eein.ays'rré g%o%ogﬁg%@%v chain. con tant region (e. .ﬁtthe E indE?( reported
in Kabat et aa[., su ra]sl.mlrheQ r{k]) index as i Kabat® refers" oufﬁré 8%?0%@1&%1 ér{i’hngcso e Atiman IgG1
EU antibodyn{®va2 ihgeaxprassioh - ihcartmdbogtiestréfarsnt tothHébintiboldiesttesgsibied in Zapata et
al. (1995 Pratei 1057-  Brief ihodi NRI pair of 5 tandem Fd
segments (§5agﬁ§%ﬁﬁgg%ggsv%%?cﬁ&%%%tﬁ%ﬁv%%%%ﬁr% p%%%htfr@bﬁgﬁgc{ﬁgﬁpﬁ)%np%%%des, form a pair
of antigen HRgiRd iehRIAProdNet rimodIEEdah besiip ediichderdiospecifents bos]as tiswe herein,

"library” refessio apllrality @l aRibedyRoantikedy-fiagment kssayences (for example, polypeptides
of the invention), or the nucleic acids that encode these 10sequences, the sequences being different in

the combin&2iFbf variant HIHH6 NI tHAt $FEnHBMRRB LA BiEse Bagtie e ¥ Héddrithg to the
methots of dbmdivestionbiRl 04l Bbrgedisplajiis adeehaiaue Hyivingh Madpnipeipeptides are
displayed ag, fusion proteins to at leas rtion of coat protein on.the surface of phage, e.g.,
flamentou<CISEA pATATLS AR SRR PGk CIRBay A ARG LE LSt Kb SLFlndomized
15protein vafiadtsesn dicapiciylandefiiticntipsotted foirtdosa:ceguieneesghabiaididgo otarget
antigen with hi ispla tide.and prptein libraries hage has been used f
screening r&?ﬁf%r@s%gg%%%%%tﬁg’sﬁgﬁ%%%% Wit %@%&%&%ﬁ%&%@gﬁaﬁ%@%ggg@% B?nag]gdisplay

methods hatespeeriamsbMeptispiayivie isaraiMetdoMepelstided 20, smalbProtéins through fusions to
either geneyihosigene Vithof flamentous.phaas, Wellid Howman a2 fue: QRif, Struct. Biol.

3:355-362, and references cited therein. In a monovalent phage display, a protein or peptide library is
fused to a giie Mg HEMBIsHErEEECaRraRprostrEE b dRver Gﬁéém%@ aflighe type gene
Il protein serdlatilage aatichas displaw eracanyhnanemafithefusion pretaing. Auditeffects are
e 0 B M 2 06 200 20 1 S 2hin. The orhme are oveed "
phagemid -
to pair with the complementary domains of another chain and create two antigen-binding sites.
20 Diabodies may be bivalent or bispecific. Diabodies are described more fully in, for example,
EP 404,097, WO 1993/01161; Hudson ¢t al., Naz. Med. 9:129-134 (2003); and Hollinger et al.,
Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993). Triabodies and tetrabodies are also
described in Hudson et al., Nat. Med. 9:129-134 (2003).
[0090] The term "monoclonal antibody"” as used herein refers to an antibody obtained
25 from a population of substantially homogeneous antibodies, ¢.g., the individual antibodies
comprising the population are identical except for possible mutations, e.g., naturally occurring
mutations, that may be present in minor amounts. Thus, the modifier “monoclonal” indicates
the character of the antibody as not being a mixture of discrete antibodies. In certain
embodiments, such a monoclonal antibody typically includes an antibody comprising &
30 polypeptide sequence that binds a target, wherein the target-binding polypeptide sequence was
obtained by a process that includes the selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences. For example, the selection process can be
the selection of a unique clone from a plurality of clones, such as a pool of hybridoma clones,
phage clones, or recombinant DNA clones. It should be understood that a selected target
35 binding sequence can be further altered, for example, to improve affinity for the target, to
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25 vectors are used, which simplify DNA manipulations. Lowman and Wells (1991)Methods: A
companion to Methods in Enzymology 3:205-0216. [0105]A "phagemid" is a plasmid vector having a
bacterial origin of replication, e.g., ColE1, and a copy of an intergenic region of a bacteriophage. The
phagemid may be used on any known bacteriophage, including filamentous bacteriophage and

lambdoid bagiriienhages30: Dhaiplaspitwil /lse generallcaniain & seleciable madgkigfantibiotic

resistance. Segments_of DNA cloned into these vectors can be propagated as plasmids. When cells
harboring tHESHIRRTBIE N BHetiee it arudines e ardeoty. ff b bt ettt S Bhage particles,
the mode otseplitatiomohtie-plasmpidieaangesiameellingseitcieoeplisaliantp.generaleisopiasof one
strand of the plasmid DNA and pack phage particles. The phagemjd may form infectious or non-
5infectioud FHAE BAHRINS G RRIRT T aTS e R N ATHB TR L HSBL BBE Hotein 37
gene of fragimentdhesest Hifkeditodattreterotagopisopetypeptidergerienab atijens isiomsodhitiat the
heterologous polypeptide. is dis ed on the surface of the phage particle. 1l. Modes.for Carrying Out
the mventio TOTeTTHE el ke i o AR 8 RS Aoy MeEn ooy
Santibody. T¥rsidntibodgrinciheaiontibialiandsapreparer adingtagchuiquisbihaiiabie inithlyart for
generating gRiRediGs. UPBIRLY eS8 uhich are described in more detail in the following

sections. [0107]The antibody is directed against an antigen of interest. Preferably, the antigenis a
biologically ifiB6Hant poljiepdeishaassisastairticstmbaritmerisrof heunibedy ssiemsg 10from a
disordey caguasidt o therspertisienaiitdmthat mammah blowaysdianikodias dyestadhagainst
nonpolypeptide antigens are also contemplated. [0108]\Where the antigen is a polypeptide, it may be a
transmembPAREIHD @@?&W%ﬁﬁ&ﬁlt&ﬁ?@%anéuaﬁ%lafg?s%ﬂﬁiff&wﬁ&% 4ry antigens include

molecules suchvalmvdseuieskadotbe it growdtofacios (MRGE)irexioh nax-ApoBdOpy renifictd growth
hormone, 15.ncluding human. growth hormone and bovine gr hormone; gr hormone
releasing fa%];({)%r?{lﬁjé a Sylrlg)cldl cli]lo %gﬁgfatﬁ]frlgigﬁseﬁm% é%rr{]gar?%rtr%\%gr?eej gipﬁgé)}rg})?g%ng\%ﬂﬁﬁg& -antitrypsin;
insulin A-chiiziastiind8sehain Opboihbuliy; dollicl& stivdalatingt Ko RORE OGNk} dtteinizirg hormone;

glucagan; coiting factars seh A TagiaLY NG S .leshe fadiar, and o Willbiaags factor

anti-clotting factors such as Protéin C; atrial natriuretic factor; 2 g surfactant; a plasmiinogen
activator, sutinEctlipkiriade of Mavmipuding 6P edsuetiypl prishirsdeniadii48t (EPmicbombesin;
thrombin; hemopaiglio gewithiasterUMANRGE asls factar-alnha-andshetas sirkenialinase IRANTES

(regulated on activation nounally T-cell expressed and secreted); human macrophage inflammatory

protein (MIPZA2BRRETS £5685ky SBGKIT ik A4ittimartsErint aibhimin: Medierigh-ibHitingo!
substance; retadg AThaing 25 Sited RB7CamL DIRLE] 3NE2MouSS DpIadaliaRinass0giated peptide; a

microbyal Protein SR 1073-1093 (2004); Fellouse, Proc. Natl. dcad, Sci. USA 101(34); 12467-12472
(2004); and Lec ef al., J. Immunol. Methods 284(1-2): 119-132(2004), and technologies for
producing human or human-like antibodies in antmals that have parts or all of the human
immunoglobulin loci or genes encoding human immunoglobulin sequences (see, ¢.g., WO
1998/24893; WO 1996/34096, WO 1996/33735; WO 1991/10741; Jakobovits et al., Proc.

25 Natl. Acad. Sci, US4 90: 2551 (1993); Jakobovits et al., Nature 362: 255-258 (1993);
Bruggemann er al., Year in Inmunol. 7:33 (1993); U.S. Patent Nos. 5,545,807, 5,545,806,
5,569,825; 5,625,126, 5,633,425; and 5,661,016; Marks et al., Bio/Technology 10: 779-783
(1992); Lonberg et al., Nature 368: 856-859 (1994); Morrison, Nature 368: 812-813 (1994),
Fishwild et al., Nature Biotechnol. 14: 845-851 (1996); Neuberger, Nature Biotechnol. 14: 826

30 (1996); and Lonberg and Huszar, Infern. Rev. Immunol. 13: 65-93 (1995).

[0092] The monoclonal antibodies herein specifically include "chimeric" antibodies in
which a portion of the heavy and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a particular species or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is identical with or

35 homologous to corresponding sequences in antibodies derived from another species or
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as beta-lactamase; DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as
CTLA-4; inhibin; activin; receptors for hormones or growth factors; protein A or D; rheumatoid factors;
a neurotrophic factor such as bone-derived neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or -6
(NT-3, NT4, NT-5, or NT-6), or a nerve growth factor such as 30 NGF-13; platelet-derived growth

factor (PDGR)siarebiast @rewihiacdoausbasminal anckhhGk: grideraral growth dacior(EGF);
transformln%growth factor (TGF) such as TOP-alpha and TOP-beta, including TGF- 131, TOR [32,

TOP- 33, TER2FS Beb P E PesioHisibiaios G otthy RS afd - (Retent Mod I8 Faff 7 @81-3)-IGF-I
(brain IGF-idnssdinelike, grawthviaciorRingingpiateinss ICR potems)suthias Raidelds CD8, CD19
and CD20; 35eryt ietin; oinductive factors; immunotoxins; a bone morphogenetic protein
(BVIPy; 38 T MK DA 28 PR i Bt R AR Ay A G actore
(CSFs); M-@8F Gl shareitd G-gSHicintérl eukinsnfiisizeng micadito todiyswadr chd dedismuftase;
T-cell rece%qg§és§_urface membrane proteins; decay accelerating factor; viral antigen such as, for

example, a portion of the AIDS envelope; transport proteins; homing 5receptors; addressins;
regulatory pR§&ihs; integemsytkeds iomisial @DALpC Dd.cnODLS, aantiGivav chinteaind VCAM; a

tumor assogiatediputigensish AsdiER L HERSRLHAERA fessRiamand.irramsitz.of afy of.the

above-listed polypeptides. [0109]In certain embodiments of the invention, the molecular targets for
antibodies *MRREBNIRa SRR By AikARMEGh heigR VEWTOgobHE SrBpERh et e dATEBEY herein is
one 1Qovhighshindsiiahsiman YE&-ApRiepay atnnef hadkermeuiation RIR0MARerRIeparation of the

antibody of interesé%.g., techniques for producing antibodies which can be formulated as disclosed
nerein will BESISbERHELPBRRSPARE S KISGHtn Tt P tREP PR AESREAF R iatBH €O mprising it
is preparedspect@tiginfbembodioreniacthe anithodintembe-forRulatecthasthotbeean subjected to prior
Iyophilizatioinm%qlg tf?ebfttl)ﬁmgrlgggq, oé&r]}e%%%egegeg? isn%?]-%(ﬂf?n%%%s Egrmulgtilgtg. In ceri}ain embgdiments,
the antibody Is a il (ieng?h anth)oay. A Ghe elﬁwBoéLl%went,'t e anﬁ%o‘é%/s"in the FomurationE 4n antibody
fragment, seifbagieanPiatsiapinavhichicatetpreblerfs: tiiatriiayrewgioccurtiordherfullitengtoantibody

(such s ClpRiBger he-aniBathciadRthpay pesd iodinardiessatie A ieiapeugaly effective

amount of antibody present in the formuldtion is determined by taking into account the desired dose
volumes an&hiEdel Sy BRaTst iRihador fbcearssliutstisdbol O 2t hgrhenaoed iy mMg/mL, or
from about J.0;ang/rtln1RA0AUEROA MAMbLIREHRM-AROHE BR AWML RORHE L iR MgMd- s an

exemplary antibody concentration in the formulation. [0111]An aqueous formulation is prepared

comprising tHESMHEYY THEBHIBUHSE a8 eFttubstingr by hioinbeRlerhd%ae an the range

from about Huthie abeuhsbbilieedaisrembudimenisitee phitedy thedangefrompgdado:6.25, or in
the ra ge friqmtpH 4.5 10 .0,.0rin the1 range frortr]IPI-J 4.75 5.t75, OLlin the :ﬁq%g from pH 5.0 to 5.5,
or in the ran(g";aéS fiom b(f—rilg.f%%rﬂlfri%gc%r aincé)rlﬁsbdoéir?%ﬂ?s( ‘f)thé’pllr‘f\a} ﬁﬁ%ﬂ,o &"¥SH#Ulation has a pH of

5.2 or abo utmnﬁgla’mpies Indtfuffecs cthfat_l.widabc,cmgrol dhes pwwimmm skaﬁgéﬁml_qw@xetgte 30(e.g.
arginine 2cg(ale L sedu AGElAe) suedinale (aueh,as ArdINe, sMosnale, of spdium sucgipate).

gluconate, citrate and other organic acid b 5 and combinations thereof. The uL#gr concentration
can be front /@88t ScpilbeocabotesuomeM dapBindindyfod xample’on thérutfer ahddhe desired

isotonicity qf Yae fqumilation.An.cegaimembosimentsodie fifier seNqinFaMinRedn e copsentration
of 50 mM to 500 mM, 75 mM to 400 mM, 100 mM to
25 Biotech. 5:428-433 (1994); and U.S. Pat. Nos. 6,982,321 and 7,087,409,
[0094] A “human antibody” is one which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using any of the
techniques for making human antibodies as disclosed herein. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding
30 residues. Human antibodies can be produced using various techniques known in the art,
mncluding phage-display libraries. Hoogenboom and Winter, J. Mol Biol., 227:381 (1991);
Marks et al., J. Mol. Biol., 222:581 (1991). Also available for the preparation of human
monoclonal antibodies are methods described in Cole et al., Monoclonal Antibodies and
Cancer Therapy, Alan R. Liss, p. 77 (1985); Boerner et al., J. Immunol., 147(1):86-95 (1991).
35 See also van Dijk and van de Winkel, Curr. Opin. Pharmacol., 5: 368-74 (2001). Human
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35 250 mM, 120 mM to 240 mM, 150 mM to 225 mM, or 175 mM to 210 mM. In certain embodiments
of the invention, the buffer contains arginine in the concentration of 200 mM or about 200 m_M. In one
embodiment, the buffer is argininc acetate (e.g., at 200 rn_M or about 200 mM), pH 5.2. [0112]A
surfactant can optionally be added to the antibody formulation. Exemplary 5surfactants include

nonionic susfRadits Mﬁb@se@@}w@ﬁb@dﬁﬁrﬁ@t@i@%@ﬁh@&&@@ 13058l OLPRIXRROBAS (8e8-
poloxamer e amount of urfaP nt added is such that it rg%;iges a g{r(;g?atlon of the formulated

antibody aﬂa?gltﬁﬁ'ﬁ%?’rﬁﬁ SE PabtiRORR Y AR TOH AT ARG S RTER8 8o rption.
For exampl@cthm&lséant&nﬁhhﬂym pnesent-inl thederiudadion. in, AnSamaLiNb{rem 7ableut H.001% to

about 0. 5% f out O 00 Q. m. a 01% to about O 1% from about
0.02% to ab(‘){?t(ls(r;S gg/c gaggla out%%ﬁﬁ tjt]%%eboﬁt%ﬂB |n|%§8raf§*,% eor%x%nr??eh S, fhe gjar?actant is
presenfin thefodmation ibdnlamdiit- &@W%r@a&hn@l@@@n kmbbedempodintedtithe formulation

does not compLse;aSuf ﬂ%z{%&rﬂﬁb e embodiment, the totmutation contains the

above-identified agents (e 15ant|body uffer, and/or surfactant) and is essentially free of one or

more presell@ties, sucﬁa%@ﬁ%ﬂcﬁ%’éﬁﬁ d}éﬁ’é‘ﬁb/l i Bl StYcEHIBT GRSt AdiBeEBrE UM CI. In

another empoglimentia:Rresarvativea | h)%eeérﬂé@mtpmtiatm@ﬁar&gwaﬁyh\é&hﬁ@ggamrauIatlon is a
multidose formulation. The concentration o preservatlve may be in the ran%e from about 0.1% to

about 2%, SrERELBRPIAHAABER 85O A A bURe FReRetsPIRGHR BRMRP Sh LSNP0 cceptable
carriers) exeipigmis mi%@tﬂhge,rsasumrasﬁ@md@$ﬁﬂpedme Heim mgt@ﬂﬁfib@wa@ammh&lences

16th editi IA Ed. (19 dinth |ati d

adveﬁsélg/ogw cfofﬁey 385|re %arac%r?sitlﬁs]&og?ﬁmflg%e Fafio unic{gé] %}%%% 8 Orlheré 5;(?)(% '1% or
stabilizers dre pbmtdxig 1ireci fientbatthedostiesuangtic oo ml&ratmxdsnempmyedlanmmha’rude
addtonal byiero AORNS: S SAlER'S) 01 a¥ilanls sRneuna AsEarbie.aqdandmeibienne

chelating agents such as EDTA; metal complexes (e.g. Zn-protein ¢omplexes |odegra able

polymers suiciles thendstardinmion saftrohpling doariesions Erepptasy prignnacthedcaiy Beceptable
carriersshergin Biriperinsiuag,nsiersiiiahiliug disnRIFIRE RIS SHGHHS SAUBIR.peUI gl-active

hyaluronldase glycopr oteln SsHASEGP), for example, human soluble P11-20 hyaluronidase
glycoproteif¥rEicER3% rHUPH20 (HYLENEX(r), Baxter International, Inc.). Certain exemplary

SHASEGP m]nethodﬁw‘tuﬁg,“maﬁlmgaﬂr&t@gﬂ&g arpvgeseribeoyin AR Pakentdrublisation Nos.
2005/02601 6 and 2006/01049 %% @I& Sg ect E{ EGP is co aned with one or more
g 5$'¥ 458

additional g2 SEERRYH) RN 8Wd y{ﬁﬁﬂ ifd tHAGRFOUL S5 L Ptions of
chelators heneitiiéndefous! twof=D Thnitaifil, Abbisodppreciated: fiatBiRer metahidre SHel@&iorsiare also

encon}[aaSSﬁgi)Wltlallﬂl%Qee tgnn%%r\yEQLM%alﬂﬁ In native antibodies, H3 and L3 display the most

diversity of the six HVRs, and H3 in particular is believed to play a unique role in conferring
fine specificity to antibodies. See, e.g., Xu et al., Immunity 13:37-45 (2000); Johnson and Wu,
in Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa, NJ, 2003). Indeed,
naturally occurring camelid antibodies consisting of a heavy chain only are functional and

25 stable in the absence of light chain. See, e.g., Hamers-Casterman et al., Nature 363:446-448
(1993); Sheriff et al., Nature Struct. Biol. 3:733-736 (1996).
0097] A number of HVR delineations are in use and are encompassed herein, The
Kabat Complementarity Determming Regions (CDRs) are based on sequence variability and
are the most commonly used (Kabat ef al,, Sequences of Proteins of Immunological Interest,

30 5th Ed. Public Health Service, National Institutes of Health, Bethesda, MD. (1991)). Chothia
refers instead to the location of the structural loops (Chothia and Lesk J. Mol. Biol. 196:901-
917 {1987)). The AbM HVRs represent a compromise between the Kabat HVRs and Chothia
structural loops, and are used by Oxford Molecular's AbM antibody modeling software. The
“contact” HVRs are based on an analysis of the available complex crystal structures. The

35 residues from each of these HVRs are noted below,
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ion chelators are well known by those of skill in the art and include, but are not necessarily limited to
aminopolycarboxylates, EDTA (ethylenediaminetetraacetic acid), EGTA (ethylene
glycol-bis(beta-aminoethyl ether)-N,N,N,N1-tetraacetic acid), NTA (nitrilotriacetic acid), EDDS
(ethylene diamine disuccinate), PDTA (1,3-propylenediaminetetraacetic acid), DTPA
5(diethylenetriaminggpertiaacetiaasid), ADvflieta-alamnediacetic acid), MGCA (methylglycinediacetic
acid), etc. Additionally,-some-embadiments-herein comprise phosphonates/phosphonic acid chetators.
[0115]The formulatio rein m copfain more one protein as necessary for the particular
indication being tje‘étzg%ﬁe%ra%)f{y%ﬁgée g/%qé pl E}%?Tt’a%:y activities that do 10not adversely affect
the other protein. Edr exéhpte, Wileicdthelaiitibozly iLaMI-¥EGF, it may be combined with another
agent (¢.9., a chegpta%g}ggypi%%gi@YSryg@mb eo Ig@iq)ggent, and anti. [0116]The formulations to
e ste

be used for in vivo administration shou rile. Thisis  readily accomplished by filtration through
sterile filtration métbidakdiiSibr KB tol fdkbwWizg; HEbre gasatidho8f the formulation. B. Administration of
the Formulation [011gJTihe {prmudation is administered to a mammal in need of treatment with the

antibody, preferab{%a human, in accord with known methods, such as intravenous administration as a

bolus or by continffdudiitfidion dlet-B peridtiotiitde, B¥PRfamuscular, 20intraperitoneal,

intracerobrospinal, spbsitanerus,datig-articular, intrasynovial, intrathecal, oral, topical, or inhalation
routes. In one embadiment, éhe forrlﬁuula ion s administered o the mammal by intravenous

admint&tration. Foﬁ%u&?%ﬂﬁ %sé%s ﬂé%rnﬁﬁéﬁ#ma&%@mécted using a syringe or via an 1V line, for

example, In one eHibodirherit)haifatHulEtionds-administErediio the mammal by subcutaneous
administration. 25[0118]The appropriate dosage ("therapeutcally effective amount”) of the antibody will
depend, for example, on the condition to be treated, the severity and course of the condition, whether
the antibod{RP8Hministdid®Rfongreventive drtierdapEikspusgodes;spidvidus Berdpl ] ihéSprtient's
clinical histapsgng (espaneeda e anipody, ihailvee shaniibadyupad and e diserefign ohthe
attending physic?a%nf. Tﬁe antlgktJody IS suita Iyﬁadmt%r/]istered to the pa?fient at 31>0 onei?m%t or over a series

of tredtinent§artd ey v ddfniBeradhe Yié phericablrdpmitie frolfugicanoaishsddaderdme

antibody may jos administered as dhe 39le dieatmembet. in conjunction with other drugs or therapies
useful in treating the condition in question. [0119]As a general proposition, the therag%%% effective

amount of tHY&Htibody ' © AEHNte REd Ml BrS IR AR Sahdatomets SEguesy ‘patent

body weightwhkether3bby i@naoddnnse. administrations, with the typical range of antibody used being
about 0.3 tctOAH}O} The term “variable domain residue numbering as in Kabat” or “amino acid

20 position numbering as in Kabat,” and variations thereof, refers to the numbering system used
for heavy chain vartable domains or light chain variable domains of the compilation of
antibodies in Kabat et al., supra. Using this numbering system, the actual linear amino acid
sequence may contain fewer or additional amino acids corresponding to a shortening of, or
mnsertion into, a FR or HVR of the variable domain. For example, a heavy chain variable

25  domain may include a single amino acid insert {residue 52a according to Kabat} after residue

. 52 of H2 and inserted residues (e.g. residues 82a, 82b, and 82c¢, ete. according to Kabat) after
| heavy chain FR residue 82. The Kabat numbering of residues may be determined for a given
antibody by alignment at regions of homology of the sequence of the antibody with a
“standard” Kabat numnbered sequence.

30 [0101] The Kabat numbering system is generally used when referring to a residue in
the variable domain (approximately residues 1-107 of the light chain and residues 1-113 of the
heavy chain) (e.g, Kabat et al., Sequences of Immunological Interest. 5th Ed. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)). The “EU numbering system™ or

“FU index” is generally used when referring to a residue in an immunoglobulin heavy chain



about 20 mg/kg, preferably about 0.3 to about 15 mg/kg, administered daily, for example. However,
other dosage regimens may be useful. In one embodiment, the antagonist is an antiVEGF antibody
that is administered at a dose of about 100 or 400 mg every 1, 2, 3, or 4 weeks or is administered a
dose of about 1, 3, 5, 7.5, 10, 15, or 20 mg/kg every 1, 2, 3, or 4 weeks. 5The dose may be

administereghas-asingte (ose @k asmdliplepdesesn(Bbae0s/3 §950%) THciEasHtusions. The

progress of this ther Is easily monitored by conventional techniques. C. Antibody Preparation (i)
Antigen Pre%%tfigti(gﬁ fg{tﬁdi‘g%ﬁ{ﬁ‘éeé%%ﬁg%yf’%ﬁgart?fgpi?é" t?ll’%éﬂegﬁ 8PtiBPLly conjugated to other

molecules, 0@&N be us&beas pnemitnodgens: for etz iafansidetiesb&dedrdnsritembr aasamolecules,

such as recgp ments,of t &9 xtracellular domain of a receptor) can he used as the
MR I R e (s S S X o
immunégerfaSisohsbikeyanth \dEGRE O H Navbieh.sogete(evgh canpdercedtdind hocimay be cells

which have peaftanstosmed b cambinantdeehalauRs i esn ik lansagmblane domolecule
seful' f t

Other antigens and forms thereof u or preparing antibodies will be apparent to those in the art. (ii)
Certain AntiBO#AIBaEEd Methods [0121]Polyclonal antibodies are preferably raised in animals by

multiple sujguganeous (s¢) Acinbaperitoneal ipdiniastiopsafitbe relevant antigerapd-anadiuvant. It
may be useful 20to cgnjugate the r?levant antigen to a protein that is immunogenic in the species to
be immuniz& 8IS KEYISEMpRE WBFRDEFAAIAD S STl A URsE A SISbEmP St abean
try, psindinhibitprensingta biteatertading didtiratizinghagenbifarexampigamaleimsidabenzoyle
sulfosuccinimide ester (canjugation through cystcine residues), Nhydroxysuccinimide (through lysine
osicues), GRS e R S S B R R A AT here R and 121 are
different alkylig¥dups. [01RR3Amihsalsyéne invrhmizedagainstthesantigens pridrumno géspie ganjsigates, or
derivatives i i} I in.or.conjugate (for rabbits or mice,
respectiveIyﬁ}é@%%r%g\%%grﬁogggé?}&?gé r%j@é r?g' %{%g %a{'gfﬁéglr% g%‘%ﬂ%g%ﬁ r% gt%eé gglﬂﬁg&ﬁn i%%ga‘%?ennally at

multiple sitedia@h@ishth Iatektite drithsarsdan bosstenthvitct haolamditverds ofighsiainsdunt of
peptidgsor Héﬁlﬁ%ﬁhﬁf@&ﬁﬂ%%ﬁﬁmpﬁ@@ﬁ%ﬂl Q%S RGUIRIE QU INESTAR: BiMYltiplg sifes. Seven
to 14 days later the animals are bled and the serum is assayed for antibody titer. Animals are boosted
until the titePPISEBAE PREEIAPIY; thesBRMRINENHE6 RSPt BERfRTaRE S thes SaFRe stigen, but
conjugated {erealitferamidroieinBpdiitrareisa dificipatisrassdinkipgreagentdbarjugatas:also can
be made in ec?mbint nt Ct%” Q{Lﬁlture as r%ﬁgiryusions.’ Iso, a greﬁ#ng agent? such.as alum are
suitably use8 RS RARRL ¢ ikl H@efiegoﬁ DT o RB R A AR Bt e S B R ntion can be
made usingtithe: bly eidlom & riethiogkdie St idesgnioed b y Kohtecredal piature] 25a4Pbod&4h), and further
ovoraf: 90N EHRRCish HIRR5850S, (R RREAEANREP SOt U fmapatRpcies A
phage display, a protein or peptide library is fused to a gene 111 or a portion thereof, and
expressed at low levels in the presence of wild type gene 1H protein so that phage particles
display one copy or none of the fusion proteins. Avidity effects are reduced relative to
polyvalent phage so that sorting 1s on the basis of intrinsic ligand affinity, and phagemid
25 vectors are used, which simplify DNA manipulations. Lowman and Wells (1991) Methods. 4
companion to Methods in Enzymology 3:205-0216.
[0105) A “phagemtd" is a plasmid vector having a bacterial origin of replication, e.g.,
ColE1, and a copy of an intergenic region of a bacteriophage. The phagemid may be used on
any known bacteriophage, including filamentous bacteriophage and lambdoid bacteriophage.
30 The plasmid will also generally contain a selectable marker for antibiotic resistance. Segments
of DNA cloned into these vectors can be propagated as plasmids. When celis harboring these
vectors are provided with all genes necessary for the production of phage particles, the mode of
replication of the plasmid changes to rolling circle replication to generate copies of one strand
of the plasmid DNA and package phage particles. The phagemid may form infectious or non-
35 infectious phage particles. This term includes phagemids which contain a phage coat protein
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Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling et al., in: Monoclonal
Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N.Y., 1981), and Ni, Xiandcti Mianyixue,
26(4):265-268 (2006) regarding human-human hybridomas. Additional methods include those
described, for example, in U.S. Pat. No. 7,189,826 regarding production 10 of monoclonal human
natural 1gManibogiesfianhybridama eellinasiddumap ihybriderpateshnalasy clsiomantaghnology)
is described in Vollmers and Brandlein, Histology and Histopathology, 20(3);927-937 (2005) and
Volimers anteBIIAIRHPMRhEaR i riaIngirrelp arrventl hniiesnalBharmacology,
27(3):185-911. (2005 [0 1240 Cariausietbeidnybridoma techniques, see, e.g., US 2006/258841; US
152006/18 fully human antibodies), US,2006/059575; US 2005/287149; US 2005/100546; US
20051026238 50 U.. FLF KL 00 55 e 1 b Mk SHBILRY P StECB 1 batucing
monoclbnalantibddiébeausitidpatie ihytheitomal ahethio ghrispaesiorivest e fiddiosw svin dneis b adifoent, a
mouse or o qpriate: nimal., mster, is.d [ 0 elici hocytes that
produce or %%%E(I%%Ha T%r&(?fg %}I%%Sﬁé?ﬁ{ﬁ ﬂi%ﬁggirﬁg\%ﬁﬁs&ﬁéa y%%ﬁ%%ﬁé‘eeﬁg égrr{c?tgein used for
immunizatidhllamiscEiéieare raised in animals by multiple subcutaneous (se) or intraperitoneal (ip)

injections oth@ @@ﬁyp_eptidﬁlefamé,englHﬁ@q%daagggmmﬁhgréﬁ%fs iandean AN, BICh8Sen is
monophosphoryl lipid A (MPL)/trehatose dicrynomycolate (TDM) (Ribi Immunochem. Research, Inc.,

Hamilton, MO BENTEptRS Y Rl SRRt de iaitigEnY of Reaisibreht tharsammalspeaighared
using methaasiueli2bdkneanndathe amSushas secambinartmethedsiseme: ofiwbigheare further
described herein. Serum from immunized animals is assayed for anti-antigen antibodies, and booster
mmunizati NS S SHUBHAR BRI 4 BROASE IORR Bifthals producing anti-antigen
antibodies af@(8plated. Altberativedyti dpmphosyligehdy, BeriayrhunizecsmevitsanfOhatyimphocytes are
then fused with loma cells using a suitable fusing agent, 30such as polyethylene glycol, to form a
nybridoma LT o e R BN RS g

(Academic PresgariageihdigetormabceremdERE sad bt firsansiicEhtisnisupgorvéidisianoigh-level
produgtjon maaﬂégﬂmmﬁo@aﬁﬁ;&goaeﬁﬁ&%@ﬁ@%ﬂ FGllReANAAGFERRINE 1218, 0pgdium such

as HAT medium. Exemplary mycloma cells include, re not limited to, murine myeloma lines, such
as those deftfEd: SSHEMMAPTZE AR VIPEIEE #HBESE ARG dieRRMEBNS: fTee S AStute Cell
Distributionifsgies-SamRieges Salifomia WS e BR2ah A adB53:celianailable from the
American Type Culture Collection, Rockyille, Maryland USA, Human myeloma and mouse-human
heteromyelgWé%ﬂgihgm% %@B@’eﬁ%@%fﬂf T 1SR PRSRIYBI of iR &R HSHoBEAR antibodies
(Kozbor, J. immhenok 1 132:300tk ({934} -Bradeu fetat sMane dandahTAntihoaytRredudianrTechniques
and ABBIicaltignstg%g.tg%t-ﬁaS (Marcel Dekker, Inc., New Yoﬁ(ﬂa%ggl?% 0126]The h%lggi(%orna cells thus

UNY § asminocen activator, Sich as ur an urme or ts -tyne
prepared are s%e ed and grown in & sdifabie culture mealum, e.g., ame itim that contains one or

more substafteesithgrinhibiithdtgtowtboorsemvivaboftine unfopediparenthlfatyeiomaccelistdsor
example, if Hg pai H&aclr{!i‘Y@&W&JEQ&QPMW%%@%WMS&WQIﬁI’J"—é&ﬁ‘or'bosy'

transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will include
hypoxanthis&PEsitfopte recreisd) tiymidimecronr gseaillamyneipnc Rrstiys (Ahdes -plidiient thaigrowth of

HGPRT-defigigntirelisn Braleraboreerumsfras tvkidama aalisylue mathods.are Msedito reduce use
of animal-derived serum such as fetal bovine serum, as described, for example, in Even et at, Trends

in 15B%6teck 61%’@1?'@?(1?} Myyslags: &@y@?g)gonadotropm—assoc;ated peptide; a microbial protein, such
as beta-lactamase; DNase; IgE; a cytotoxic T-lymphocyte associated antigen (CTLA), such as

CTLA-4; inhibin; activin; receptors for hormones or growth factors; protein A or D;
rheumatoid factors; a neurotrophic factor such as bone-derived neurotrophic factor {BDNF),
neurotrophin-3, -4, -5, or -6 (NT-3, N'T4, NT-3, or NT-6), or a nerve growth factor such as

30 NGF-B; platelet-derived growth factor (PDGEF); fibroblast growth factor such as aFGF and
bFGF; epidermal growth factor (EGF); transforming growth factor (TGF) such as TGF-alpha
and TGF-beta, including TGF- 8 1, TGF- § 2, TGF- § 3, TGF-p 4, or TGF-  5: insulin-like
growth factor-l and -1l (IGF-I and IGF-II}; des(1-3)-IGF-I (brain IGF-I), insulin-like growth
factor binding proteins; CD proteins such as CD3, CD4, CD§, CD19 and CD20;

35 erythropoietin; osteoinductive factors; immunotoxing; & bone morphogenetic protein (BMP);
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[0127]Oligopeptides as tools for improving productivity of hybridoma cell cultures are described in
Franek, Trends in Monoclonal Antibody Research, 111-122(2005). Specifically, standard culture media
are enriched with certain amino acids (alanine, serine, asparagine, proline), or with protein hydrolyzate
fractions, and apoptosis may be significantly suppressed 20by synthetic oligopeptides, constituted of

three to S'XWH _£§&5%%§teﬁ@1%m@%%g?fb@t%@ H@%ﬁ&ﬁ%ﬂ%ﬁ?'ﬁ&ﬂﬁl%_ SoRcerrafions.
[0128]Culture medium in which hybridoma cells are mowing may be assayed for production of
monoclonaFdhtotiis ¥ bitfy BEH-Grfibdus sEtRsithtoh: Fnd BiRdHy SPEErERS of monoclonal
antibodies Rrosluese; hydaybeidema calis pay-htAaterrsised; By invaenarseaipiationlor by an in
vitro binding assay, such as radioimmunoassa)la ngg or enzyme-linked immuno%&zorbent assay
(ELISA). Tr%é‘%%% H:l?ﬁh B G MBREISHAT AR H§ 83‘6%@%&%1?%%&3??8?’ ke, by

Scatchard analysis; Sébeeigs; MpnsanyeirateiAnadhtBioshent. 21072220 (1980). (I29] Aftershydridoma
cells are ideptjfied-that prod ibodies of the desired 30specificity,affinity .an ctivity, the
clones may% Eé& ﬁjtﬁ‘% Qo? %ﬁ?ﬁ%ﬁ#@%ﬁu fon bﬁ%&%ﬁu%eg hd %%)\?\?%Rgfa%g?do me (?ds. See, e.g.,
Goding, suptasiBuitabiefagnmssnédia fortihisbputposedinelvipidrsexample, D-MEM or RPMI-1640

mecium. In dgifon. hybIEKGHER CEURIRLHE BIONONYR S5 ESRIES AR AL Monoclonal

antibodies secreted by the subclones are swta%lgﬂfe arated from the culture medium, ascites fluid, or
35 serum byeoRvERifsHal ihsirBMEBRE SuYificHtiol precatkidsstcihssnsiosxdipia [prtein 44

A-Sepharosgy by diaxyianatitechrampatography, gel electrophoresis, dialysis, or affinity
chromatography. One procedure for isolation of proteins from hybridoma cells is described in US

2005/176122 and L. STBAFHES Y, B9 988 4% method includes using minimal salts, such as lyotropic
salts, in the[binding process-andrarefersdiyhalso:bsihgosinadtameuntecafigganferasoelivents in the

ﬁ'”“o!” o 'o@%‘gs%i‘i{ftad%a'é NaR RS &84‘&% .!\s’t'c%égoc?ﬁe %}ﬁ%ﬁﬁti%ﬁ’a‘?ﬁg%{éf .'i??‘?oi&"ﬁ’&i?%‘. can be made
Yy using combinatorial libraries to screen for antibodies wit he desired activi Yy Or activities. For
example, a karietyofmetholls prenimaownas therarfongengrasing iphagepdisplain lioranies and
screenia sysBIRINIRS IRL ARARIGaS RerRRRER gL s deal SEhRAANG hBrAssHRNARRURY
methods are describe
the formulatfion of interest herein is an agueous formulation. In certain embodiments, the
antibody is a full length antibody. In one embodiment, the antibody in the formulation is an
antibody fragment, such as an F(ab" », in which case problems that may not occur for the full
length antibody (such as clipping of the antibody to Fab) may need to be addressed. The
20 therapeutically effective amount of antibody present in the formulation is determined by taking
into account the desired dose volumes and mode(s) of administration, for example. From about
0.1 mg/mL to about 250 mg/mL, or from about 10 mg/mL to about 200 mg/mL. or from about
50 mg/mL to about 175 mg/mL is an exemplary antibody concentration in the formulation.
[0111] An aqueous formulation is prepared comprising the antibody in a pH-buffered
25 solution. The buffer of this invention has a pH in the range from about 4.0 to about 6.5. In
certain embodiments the pH is in the range from pH 4.25 to 6.25, or in the range from pH 4.5
to 6.0, or in the range from pH 4.75 to 5.75, or in the range from pH 5.0 to 5.5, or in the range
from pH 5.1 t0 5.4. In certain embodiments of the invention, the formulation has a pH of 5.2
or about 5.2, Examples of buffers that will control the pH within this range include acetate
30 {(e.g. arginine acetate or sodium acetate), succinate (such as arginine succinate or sodium
succinate), gluconate, citrate and other organic acid buffers and combinations thereof. The
buffer concentration can be from about 1 mM to about 600 mM, depending, for example, on
the buffer and the desired 1sotonicity of the formulation. In certain embodiments, the buffer
contains arginine in the concentration of 50 mM to 500 mM, 75 mM to 400 mM, 100 mM to
315 250 mM, 120 mM to 240 mM, 150 mM to 225 mM, or 175 mM to 210 mM. In certain
3%



generally in Hoogenboom et al. in Methods in Molecular Biology 178:1-37 (O'Brien et al., ed., Human
Press, Totowa, NJ, 2001). For example, one method of generating antibodies of interest is through the
use of a phage antibody library as described in Lee et al., J. Mol. Biol. (2004), 340(5):1073-93.
15[0131]In principle, synthetic antibody clones are selected by screening phage libraries containing

phage that gisplaym@tiops{Eagnents ahaslifedyouanabie.reaion (Rvhiusediriphagsosaaipsetein.
Such phage libraries are panned be)/' affinity chromatography against the desired antigen. Clones

expressing B Hahels dapaprRdesiRgHgEs e st tiAw e & dast ritdtRe RAtigen and
thus separategfor) presmmn-binding clones in the library. The 20 binding clones are then eluted from
the antigen can be further enriched by additional cycles of antigen adsqrption/clution. Any of the
antibodies (Eﬁri%]inventidgs 5‘?‘%@65@%%"6@% §i6?1‘iiﬁété’ glﬁt%fﬁ%"&ﬁ#@@ﬂ@%ﬁ%%@ dure to
select for thanthagesdiariedomhintenestsiofiamad byctansisiichor: ek dfullpeizgiarstinodsicianemusing the
Fv sequences from the phage clone gfdnterest and suitable constant, regio ). sequences described
i Kabat et B S A B B A e G B o
91-3242, Betsesgii D (thegaimubis:diagiied32] theceriaimensisbd imantsonind patigelatkindihg domain of

an antibodygis foied e tuayauaRle:fe1caions el Abat Lihaming.Acis, auseRddrom the light
(VL) and heavy (VET) chains, that both @gresent three hypervariable Iogg; (HVRSs) or complementarity-

30determinfRE g IEDIRaY U fFB EPeF RS ¢ dhabewidplay darrseasha P b kst either as
single{ghaim By, (sebiy) f63grants, in abich Vi and Mk arsucovalentsiinkesidbrpughsheoos dlexible

peptide, or as Fab frag(r)nents, in which they are each fused to a constant domain and interact
non-covalefRI§°AY QScribEtm Bl PRt Rnthe R SRS RETS 10488 FABBUET894) s used
herein, scFurenaading. phage onekEnd FabeneosbdmRhage-gianasaats oeoliectivabtkeferred to as

"Fv phage Qluorrf'ua%?%n?r "Fv clones." 45 [0133]Repertoires of VH and VL genes can be separately cloned
by polyrnerase chain reaction (PCR) and recombined randomly in phage libraries, which can then be
searched fdibahtigen-binding lonesiascde soribeohitaWintenetak (KknboRewdnniad ekedR (483-455
(1994) Librgiga domimmunizsd seuices RipvdsighiafinibApfiosdies (o fue.immunogen yithout
5the requirement of constructing hybridomas. Iternatlvgiy, the naive repertoire can be Sloned to

provide a sitRjievsalsrdelophmplam antivodielone)atsielerdigazethesnselilaicatder sematigens without
any immunizafiqn-asdeseripediy GLffiths etRl b MBO phid itddp R4 L4293 nfinally.ipaive libraries

can also be made synthetically by cloning the unrearranged V-gene segments from stem cells, and
“llgﬁxi

using PCR W@P&%\%ﬂﬁﬁ@%ﬁ%@%&%ﬁ&@f&@ﬁ%ﬁ%ﬁ%iah apshipeskestlditns and
to accomplishateatrangsraenibiy Yitia asdessrbechbyr ongenkesmand MBI MeiRig)., 227:

38 (R S R S A S RAGS S S0 iy antibody
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980) may be included in the formulation
provided that they do not adversely affect the desired characteristics of the formulation.
Acceptable carriers, excipients or stabilizers are nontoxic to recipients at the dosages and
concentrations employed and include; additional buffering agents; co-solvents; anti-oxidants

25 including ascorbic acid and methionine; chelating agents such as EDTA; metal complexes (e.g.
Zn-protein complexes); biodegradabie polymers such as polyesters; and/or salt-forming
counterions. Exemplary pharmaceutically acceptable carriers herein further include
insterstitial drug dispersion agents such as soluble neutral-active hyaluronidase glycoproteing
(sSHASEGP), for example, human soluble PH-20 hyaluronidase glycoproteins, such as

30 rHuPH20 (HYLENEX®, Baxter International, Inc.). Certain exemplary sHASEGPs and
methods of use, including tHuPH20, are described in US Patent Publication Nos.
2005/0260186 and 2006/0104968. In one aspect, a SHASEGP is combined with one or more
additional glycosaminoglycanases such as chondroitinases.

[0114] While the various descriptions of chelators herein often focus on EDTA, it will

35 be appreciated that other metal ion chelators are also encompassed within the invention. Metal
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fragments by fusion to the minor coat protein pill. The antibody fragments can be displayed as single
chain Fv fragments, in which VH and VL domains are connected on the same 15 polypeptide chain by
a flexible polypeptide spacer, e.g. as described by Marks et at, J. Mot Biol., 222: 581-597 (1991), or as
Fab fragments, in which one chain is fused to plll and the other is secreted into the bacterial host cell

periplasm wher 255&MAN.2f 13- F Ak S0aL RO R A HC G AR RREAMGS displayed.Qn dhe phage

surface by displacing some of the wild'type coat proteins, e.g. as described in Hoogenboom et at,
Nucl. Acids/Rétsd toamngpolyarborgtrtys a3 Ye siihviesdiannelsleiecaitarendediny @aipersy gene
fragments argQiaipsddram-isemungrcells harvested:fRmi DUMANS A IRIMAISiJE A liray biased in

favor of anti-antigen clones is desired, the subject is immunized with antigen to generate an antibody

. e
response, and-SpIEENERALIARING ALHSGIAHSY %WE@WB@?&%%&&WMMY%LS) are
recovered faribibrasyconsinsptinnadaiongienhodinen. Antndncantibady, gemedragment 25library
biased in far[\r/]ortﬁflapti-.an I eq.clon S i§ ORE%'rtled l?ylgenerati% éfm artl'gihanti%en‘ antibody response in
transgenic nice X&Vﬁlﬁlﬁ Afinctsna AtmaEn in rl%]auﬁofﬁc%uﬁlnﬁg eegr?aﬁrf"é 8‘1‘58@%?1@9 a functional
endogenousianpiboceprdductioncsystech)istach that antigen immunization gives rise to B cells
producing antibodies [ igen. The generation of human antibaody-producing transgenic
ice is dashmal belows TG D e e e oo
be obtainedlmm@mglag glﬁt@ﬂ@mnslmwﬁmgt%kdﬁe&mblrqhgmaﬁéﬂsceml_ﬁW@sﬁfgﬁﬁﬁgéﬁiﬂ@eciﬁc
membygne RQURJ ANIDARY. S oﬁ%ﬁgﬂb’éﬁ{!@&t@&ﬁiﬁlwﬁﬁw% affiniy chramalegipPiy.g

adsorption of cells to fluorochrome-labeled antigen followed by flow-activated cell sorting (FACS).
[0137]AlterRaoaH)mEL Wik @P&&ﬂé@%?%feﬁrsgaﬁd;%?@%@n@svf&ﬁé?fm@g B eap stin ARGRizEY donor
provides a lgiter representation of the possible antibody repertoire, and also permits the construction
of an antibody lihrary usin y animal (human or .non-human) species in which antigen_is .not
antigenic. A fiTarios InbOF OVRBY R HEOO0, B RS SEEHRRROh e, Belleire Yeiasted
from the subjedil faqurevideirddieitlaatilm encadingeuil ddrranged antithogdy ganesegiotsinghe
immuq«g ceI,L?, 0@%%5‘3&% t%%u}ebe 89}%5% from a variety of animal species, such as human, mouse, rat,
Iagomorphap, ﬁﬁjpnne, canine, feline. porcine, bovine, equine, and avian species, etc. [0138]Nucleic acid
encoding antibodyBvarible geahienseimehtsnfinetivding VH and VL 10 segments) are recovered from the
cells of integs{ and ampliied:,\n, the:sase, ehiaRILANASD YHANG Windensribraries, g desired DNA
can be obtained by isolating genomic DNA or mRNA from lymphocytes followed by polymerase chain
reaction (P@RPGAh PisFAEE nidterity thacsorhyit: prisionedndarigel A ENHAERYYenes as described
in Orlandi ef@hiRIAGNA, RiareSH- SALBELRERR-3837: (L98De tsrehy making.diverse V gene

repertoires for expression. 15 The V genes can be amplified from cDNA and genomic DNA, with back
primer<at tHE 8 SHANGH HETECEH RSB o HOS AR HS NAHBRIERT Shd YORVARY Bhitteriissed within the
J-segment asfjessidbied:imitandi otk (hA39)cand dmdlarthe fainMativieis3dhiibiddio4 to(1389).

However, for gm Alf%inglfrom cDNA, back primers canhalso be ba&e? in the.leader Exon as described
in Jones etléll., 10 E)) vith

SCHABEY G188 B THOB 1 hind oriar A BRN e W RTR this QB et Rt 185 Cas
20describeddimSastnnet at, wrec. INdthcAtadx 8opl{US A)c 86142857 32 (baB9)atlm maximize
complcmengarity.. i [ in imers as described in Orlandi et al. (1989)
or Sastry etggﬁ%éig‘é%g?ﬁEcﬁe%é%%%lr%%b?d%%gﬁ%%ﬁ)grs"aqr%ﬁcl?ll\]/%é[s%%{?s maximized by using PCR primers
targetéd to E4dRV-gene Tamilrinisiaiedayaen plihprananeslibrelseHvanean g irairige sisimedpredent in the
immune celhpiicleic,aeidiSAMPIE 1BdoAdidss Bibeddnthenpathed: 230k Marks stat MaliRigl., 222:

581-597 (1991) or as described in the method of Orum et i ,
whether the antibody is administered for preventive or therapeutic purposes, previous therapy,

the patient's clinical history and response to the antibody, the type of antibody used, and the
discretion of the attending physician. The antibody is suitably administered to the patient at
30 onetime or over a series of treatments and may be administered to the patient at any time from
diagnosis onwards. The antibody may be administered as the sole treatment or in conjunction
with other drugs or therapies useful in treating the condition in question.
[0119] As a general proposition, the therapeutically effective amount of the antibody
administered will be in the range of about 0.1 to about 50 mg/kg of patent body weight whether
35 by one or more administrations, with the typical range of antibody used being about 0.3 to
41



al., Nucleic Acids Res., 21: 4491-4498 (1993). For cloning of the amplified DNA into expression
vectors, rare restriction sites can be introduced within the PCR primer as a tag at one end as
described in Orlandi et at (1989), or by further PCR amplification with a tagged primer as described in
Clackson et al., Nature, 352: 624-628 (1991). 30[0139]Repertoires of synthetically rearranged V genes

can be derixemwiﬁag/ﬂg%f&w SRAMETLS: elmﬁtﬂfﬁt@%umﬁﬂn‘{ﬂzg&agi CgipeRis:pave been
cloned and sequenced (reported in Tomlinson et al.,” Mol. Blot, 227: 776-798°(1992)), and mapped

(reported inAREEGELBERAONERIRE BEMERa S D88 | 109y tHixd EsRkheagremis(inadify all the

major confoypatiansidhenddianhiidsiern)canhe useshie aanerate diverse,ViHgeng teperiaires 35
with PCR primers encodin(gal-clialoo s, of diverse sequence and length as described in 47

Hoogenbooth RAGAIEEYE Wt BithoB 377 3813880 (1999 A Heeiserishel can &b Bekiade with all
the sequentdivessityfocudednistartdng Hingepekasngtalengtiioas descriad idoBarbasetat, Proc.

Natl. Acad. §{;Lil.sigssAr1%9: 445&6&&# ‘ g%% _Hquergaip \rqgna;fd%lé se mezts hﬁ%e been cloned and
sequenced &reporl%e'd in Willlams and Winte ,yé“ur.“l mumnol 52371 4587 g)fa( 5@3}%% can be used
to make synthetic fighntheady Pegsntgiress. Synthetic V gene repertoires, based on a range of VH and VL
folds, and L3 and H3 Ieng}%ty&ighq;}gfgg@gtibodies of considerable structural diversity. Following
amplification of V-gene encoding DNAs, germline V-gene segments can be rearranged in vitro
according t&°tHé method SVP Mo aEsme or{aaB IVl co L MBRoRIFY cPfugrad388theogw)eqges,

[0140]Repeginira.Qfantibraniaamantscan ke cansiusied Py combiningy Band. L. ggne.fepertoires
together in several ways. Each repertoire can be created in djfferent vectors, and the vectors

recombined SAo0IFS; Bagmsdyestisnet i e giorraiult dunan s 199t ds3drintivo by
combinatorigkinfestian /eigndhe:loxRisy sterosdagaribednmmitateshouss-etiatc Nuel 14eids |Bes., 21.

2265-2266 (1993). The in vi binati h exploits the 15 two-chajn nature of Fab
SRR RS TR oA A0y S TR A By CoA IS CH ETTEREY Paive Vi

YRALERTE] 15 Poe
fragments t8 Overcome the fimit on library size
and VL reperibirebictidolohech sepafatelyd bne:intotanphiagemiduan cotbvepatiiehintoraméabenector. The

two Iib{ rie i I’ll 0 Qﬂp %rgp e infection om emid-containing bacteria so that each cell
containi a gﬁ%egr(éln?(r%m%;nat%%%n t%glﬁ)?}é?frye%%ﬁlgeis ?rﬁﬁg{f%aﬁ@&o@nthbg nﬁsm‘&?r%faggﬁgeg%g%ent
(about 1012hgksriagiieRsth 20 vectors contain in vivo recombination signals so that the VH and VL

genes are recombined opio@siRgIeIERIGRR ARM AigHdsPackaged into phage virions. These huge
libraries provide large numbers of diverse antibodies of good affinity (Kil of about 1018 M).

[0141]Altern&tivdly, the rEpERSHES Rk Hes aGHEa sEg LR Hrita e it torbs yareotescribed

in Barbas etsay,dr @eapationcady Piickipns 88ihd 948+408824.(199 Lidan2aassamblaed jogatheniby PCR
and th 61 cloned,.e.%ﬁ%ﬁgd%?cribed in Clackson et a)., Nature, 352: 624-628 (1991). PCR assembly can

also be'usetf (51§ AR VPO RIRESRith DRACEHESHIR I RERHTE H B 54SdP & form single chain
Fv (scFv) repentaires], ingyetcahathBmiechnigusatin cehRCR asse vblyid shysgddostanabine VH and VL
genes withigol m hpc tesibQ/. PCR and th%‘! ne re rtoir%s of Iinkegl genes asledescribed in

v i 0Res 20" etk O(Pl%%%é.l té‘fﬁfﬁ"‘ﬁé ant%glall%s’produced by naive

Embleton et al., uct Acids
libraries (eithelenatdrbémnosymthesiccoamie aftenodejagetaffitityarpiteibontsideth 107 M11), but
affinity matuyrati alsq be-mimi L Vit c i ng. re: i ondary
libraries asl%rgc{sllgri ed |§%ﬁgﬁ6§ﬁf§é% }/ és%%%)P%B}%i%%éggeﬁm%gggﬁ?gk%gg%ﬁo uzc”e% at

randor?in i By tdh g Bere R ssbPoracpiffraradlvireigeped in Leung et al., Technique, 1: 11-15

(1989)) in theimgthod of Animals are immunized against the antigen, immunogenic conjugates, or
derivatives by combining, e.g., 100 ug or 5 ug of the protein or conjugate (for rabbits or mice,
respectively) with 3 volumes of Freund's complete adjuvant and injecting the solution
intradermally at multiple sites. One month later the animals are boosted with 1/5 to 1/10 the

30 original amount of peptide or conjugate in Freund's complete adjuvant by subcutaneous
injection at multiple sttes. Seven to 14 days later the animals are bled and the serum is assayed
for antibody titer. Animals are boosted until the titer plateaus. Preferably, the animal is boosted
with the conjugate of the same antigen, but conjugated to a different protein and/or through a

different cross-linking reagent. Conjugates also can be made in recombinant cell culture as
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Hawkins et aL, | Mot. Biol., 226: 889-896 (1992) or in the method of Gram et al., Proc. Natl. Acad. Sci
USA, 89: 3576-3580 (1992). Additionally, affinity maturation can be performed by randomly mutating
one or more CDRs, e.g. using PCR with primers carrying random sequence spanning the CDR of
interest, in selected individual Fv clones and screening for higher affinity 5 clones. WO 9607754

(published %%Mﬁrﬁﬂ%gg@)i&ﬁ%@%%ﬁ@‘%é}ﬁgﬂh@gHl%ga%‘Hﬁ%@ﬁ@%ﬂéd%%rﬁ%b%‘ﬁ@emamy

determining region of an immuno ulin light chain to create a library of light chain genes. Another
effective apPptBaER 18S9 ¥&combine the VH or VL domains selected by phage display with repertoires of

naturally ocgurring V domaipovasianisbiaines fremuninamenized.denokspnd.acreenfey higher affinity
in several rounds o chﬂa?in 10re§)huff|ing as described in Marks et al., Biotechnal., 10: 779-783 (1992).

This techniqtft"SAGHE HFEHRSGBHBANF A o dide 4t ArtBddy FraghibAtEiaiAcrbRkS &6 dhout 10-9
M or less. [blAgiSargeming-ofdhe, lilBrdiescambegosqmplished: by, variougitechniguesgapwn in the
art. For example, anti can ed tq coat the wells of ad i lates, expressed on 15host cells
2iixed to Qb et A LA Bl ST ah bl ot TR P Eape e
streptavidini¢oatgdroéddshoriasentif-ary dierdmwethdd Iarspaiihieg phEde. displayalibisiies. [0144]The
phage library. samp re co Mth | ili ng Inder conditions sui for binding at
least a port%zn of thﬂg%@a%g’p%&r?ﬁggé\?vﬁit t@gﬂ agé)éé%g%}?[% %ﬁ%ﬂj}a@ﬁeﬁ Iéo%’ﬁﬁ?br%ﬁﬁé %%I’ing pH,

ionic strengiethedsgblitedhasidereniielaie sefantsd ipUriindietphgsibiddigas cesritionsrothietighages

boundytp thgrsplitbbhaserarswashied and Shen.aluiarhhygbidisa &8 descringdin Bakas gt al., ProC.
Natl. Acad. Sci USA, 88: 7978-7982 (1991), or by alkali, e.g. as described in Marks et al., J. Mol. Biol.,

222: 581-537(199%), driPantigeniesm putitisrbadgniN A prie sadre sk (& tfdositigén competition
method of Clacksand258t, ab(ﬁ)}.&m’f-@s35@@3%}%%0@%&%%@@@@&1&@0@&5}@%@F@%‘iﬂ@g@@@jo|d ina
single round.of selectign. Moreaqver, the enriche n rown in bacterial culture an
subjected t *@Ffﬁ@?’?%ﬁﬂglg%%@c? 112 %‘ﬁh@@?ﬁgncﬁ/ @F@ ection depends on many factors,
inclljlding theDkidétics _of d;'msuuiiaticlamﬂwk@z@@ﬁn&ng;lm@wh@he;gn&@rﬂ?@ﬂ@ﬁ%ﬁ@mer_1ts tc_)n aé .
single phag neously engage. 1 , inetics (an
weak E)%lr?din%ogafflln%&%sﬂggﬁr?ybgeu%%an%@%y cﬁ\é\’,e%‘ S B@@ﬁiﬁé@m@%&ﬁhﬁéﬁ% %@%ﬁd high
coating den_@ﬁﬁﬁflé_(ﬁﬁ@@?jﬁ@bﬁ%ﬁ&?é@hﬁ@ﬂ@ﬁ%ﬂﬁ& kﬁﬁ,ﬁi}f:{y é@bﬂmmepﬁhagé through. .
multivalent g}&%ﬁﬁ@ﬂg%&%@r%ﬁm‘sBi@yiﬁ&gﬁmé}%ﬁﬁaﬁmﬁ%ﬁ@ta@sl&%emg glscuon,gfantibodies

with slow dissociation kinetics (and good binding affinities) can be 35 promoted by use of long washes
and monov&BPRPASHE HTepray Hotsscnperiiahes avigmal. Sysbeind hgrsto. S1nMYYeydAd in WO

92/09690, andiailewpkeaiingidensiyuef aniigenns desgibatinMarkselakBioigchaghlny 79-783
(1992%01%@ IS %ossible to %g(lfct.between,phar%g{antibodi(_es of different affinities, even with affinities
that différ sl &PfhiP i RIRERR S WTBF ORI MOtRASTOIS SafsEiBP R gy multiple

subcutancous (sc¢) or intraperitoneal (ip) injections of a polypeptide of the invention or a
fragment thereof, and an adjuvant, such as monophosphoryl lipid A (MPL)/trchalose
dicrynomycolate (TDM) (Ribi Immunochem. Research, Inc., Hamilton, MT). A polypeptide
of the invention (e.g., antigen) or a fragment thereof may be prepared using methods well

25 known in the art, such as recombinant methods, some of which are further described herein.
Serum from immunized animals is assayed for anti-antigen antibodies, and booster
immunizations are optionally administered. Lymphocytes from animals producing anti-antigen
antibodies are 1solated. Alternatively, lymphocytes may be immunized in vitro.
[0125] Lymphocytes are then fused with myeloma cells using a suitable fusing agent,

30 such as polyethylene glycol, to form a hybridoma cell. Sce, e.g., Goding, Monoclonal
Antibodies: Principles and Practice, pp.59-103 {Academic Press, 1986). Myeloma cells may
be used that fuse efficiently, support stable high-level production of antibody by the selected
antibody-producing cells, and are sensitive to a medium such as HAT medium. Exemplary
myeloma celis include, but are not limited to, murine myeloma lines, such as those derived

35 from MOPC-21 and MPC-11 mouse tumors available from the Salk Institute Cell Distribution
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5(e.g. as performed in some affinity maturation techniques) is likely to give rise to many mutants, most
binding to antigen, and a few with higher affinity. With limiting antigen, rare high affinity phage could be
competed out. To retain all higher affinity mutants, phages can be incubated with excess biotinylated
antigen, but with the biotinylated antigen at a concentration of lower molarity than the target molar

affinity consigpifosanpigen. Ehebigh aiRity;pigding,10phagesaan henle AapiedRY

streptavidin-coated paraméﬁf?fetic beads. Such "equilibrium capture" allows the antibodies to be

selected actHheiigtd YReir dftitled 'st trfiahry s Mpaiavh L thar b rusiemsnast Marsrt clones

with as littlenagmiwaateldvaherAflinit fomAnaleakexeessistPhagss Wil lawe baffipiy, Conditions
used in washing Efg????sg% ound to a solid phase can also be margépulated to discriminate on the basis

of dissociatlt RS RPAngBH EiBed MalP BE (efstidttsiede d! s deatms ot certain
embodimentssithehinuedtiomproxides.antirantdgen-amnibodies thes bindds hangcaills. thaknabally
express am{gg or bind to free floating antigen or antigen attached to other cellular structures. Fv
clones corrésponding to such anti- antigen antibodies can be selected by (1) isolating anti-antigen
clones from@lphge librdhe astaebonibed]aboserardedpiio raitiedmglifying the isotatédc2Bupopulation of

phage clon rQwing g lation J le rial 4 Iee ing.antigen and a
second prot%e§ier? %Q&a%véb%#gﬁ%%%%@gﬁ %%%é%@?ﬁg %%ﬁ%%é&rﬁggé’ﬁéﬁ% i§¥éégéﬁgg?(3) adsorbing

the anti- antigeivpradgeecibhissdamstisbmyearantr)én; (@) wsimglaridke astcotaayskuondeBiotein to
elute agy umq&s@ergﬁﬁ@ﬁmgﬁﬁﬁwga@nﬁm?@ﬂr{hemyg geterm WRIER,9YPRIRP Bl.are shared
protein; an

with the binding determinants of the second 2! n; Fi‘%eluting he clones which remain
adsorbed fOWSHIRG&EAY: BphshafyrabhaiclnHe Bdufe S BREERREMRHIBISEIEHE: B¥perties can

be further emrehier brepeating-ihaselacionpraceseras deserbed JrareironaardBarediges.
display Fv.clones of the

[0148]DNA encoding hybridoma-derived monoclonal antibodies or phag lay F
invention ts L) RGIER: K R BHLEREC LETE ST ERN O BRCEEHueS L5 Oy Hling
oligonucleotidevpdimars dedignecibbepacifically, andify el Hoavysandelighteba ehding:segions of

interest.from hybridoma Pﬁa [ late). Once isolated, the DNA can be placed into
expreztésion%gg%irﬁg?ﬁﬁ%%ar ’t%%r?t@ﬁ%?@éd into host cells such as E. coli cells, simian COS cells,

Chinese halfi$tél ovary (@HO)eptliss or mgfelbminpedis th atrad: plotittié vyisadpraderecititremaglobulin
protein, to oliain.the, S¥RINesis,of 1he, desiied mannsional Raantibpdies i@i‘?g?oﬁg%%m&%%ﬁl st cells,

Review articles on recombinant expression in bacteria of antibohde;-encodin D . erra et
al., Curl-. OPA&HAF HHsUR 12 B8BICRod B G PR 24 AR AIHBIR VSN 3GPIREIEY92).

[0149]DNA gagading thenmralonesebmenranian Gaa Resembined with-knawniDNAsequgnces
encoding h;avy chain alnd/or light chain constant regions (e.g. the_appropriate 5 DNA sequences can
ne

be ob WO REIS A EOREPET o Y0 FORR RO HES R B RAIRDF Tosidues. The peptides are

present at millimolar or higher concentrations.
[0128] Culture medium in which hybridoma cells are growing may be assayed for
production of monoclonal antibodies that bind to an antibody of the invention. The binding
specificity of monoclonal antibodies produced by hybridoma cells may be determined by

25  immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or
enzyme-linked immunoadsorbent assay (ELISA). The binding affinity of the monoclonal
antibody can be determined, for example, by Scatchard analysis. See, e.g., Munson ef .,
Anal. Biochem., 107:220G (1980).
[0G129] After hybridoma cells are identified that produce antibodies of the desired

30 specificity, affinity, and/or activity, the clones may be subcloned by limiting dilution
procedures and grown by standard methods. See, e.g., Goding, supra. Suitable culture media
for this purpose include, for example, D-MEM or RPMI-1640 medium. In addition,
hybridoma cells may be grown in vivo as ascites tumors in an animal. Monoclonal antibodies
secreted by the subclones are suitably separated from the culiure medium, ascites fluid, or

35 serum by conventional immunoglobulin purification procedures such as, for example, protein
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partial length heavy and/or light chains. It will be appreciated that constant regions of any isotype can
be used for this purpose, including 1gG, 1gM, IgA, IgD, and IgE constant regions, and that such
constant regions can be obtained from any human or animal species. An Fv clone derived from the
variable domain DNA of one animal (such as human) species and then 10 fused to constant region

DNA of anolhsaniiial spseiesdnu{aimicadinacessence(aLiRpibibid.diliengthdiegyy chain andor

light chain is included in the definition of "chimeric" and "hybrid" antibodgl as used herein. In certain

embodimerfiéromtiogrepiive HERVERFFBWS FirfatUariabraea fomsabridommsatsdbAstsitsédion DNA

to form coding sgguennets)fofylrer. partiablengh humanfeaweandiorighthaiase[A1a0]DNA
encoding anti-antigen antib,od%éﬁrig_ed from a%ﬁrid ma of the invention can also be modified, or

example, by SUBERRIAY the dBHMB SueRISHES B RREAEAV)-1aiNg P ARAH b ASESRT o mains in

place of hosadlegrus intioeoaeruenses derived from the hybridoma clone (e.g. as in the method of

Morrison et at, Proc. Natlp,?};:ac& Sci. %QA%JS?%%%E%?%&?M»' DNA encoding a hybridoma- or Fv
r : urthe ifie

clone-derived antibody o { gmeeﬁtta can be 0 8by covalently joining to the

immunoglolﬁ@lﬁﬂt_oding %qum aﬂ_ tbe pamrmfoqheandx_ding@bmemg ¢ominan¥immmnarigidb_)uli_n
polypeptide In thig, mannGlie i %ﬁkcée%{féﬂyataﬂgi}?@}'ﬁ’&ﬂ}ﬁ%9“%&@9&%8%}9%%1@%ﬁgﬁ?ﬁeﬁi@&ﬁ”g

specificity of the Fv clone or {%?ridoma_ clone-derived antibodies of the imveéntion. (iv) Humanized and
Human AntiBeHIES asT G NRIFRAGS IS BRRLF PRI AYd KRGS oA -urpai artbddiEs 18T éoknown in the

art. Fopexapidapnanizedrnibody hasnoe R BRI aminp acidissiduss datipgkged into it from a
source which is non-human. These non-human amino acid residues are often referred to as "import"

residues, whTBRTAYE [y hlears hacsh srehia N siinsord Ve abivam HEmMalisQiBHEA be ehsentially
performed fallewinprtee meshachof, Winmter pad-camworkersBOGlonaSetahiiNadui®odidd §22-525 (1986);
Riechmann.et al., Nature, 332:323-327 (1988). Verhaeyen et al., Science, 239:1534-1536 (1988)), by
cubstituting TAEH  CRLED, S0 ShALAE e e FOTPE iR St adlor a HE R antboty
Accordingly(266ié¢h 3H0fhanZéd3antibodies are chimeric antibodies (U.S. Pat. No. 4,816,567) wherein

substq@tiallliglﬁﬁﬁ than arf“iﬁ@,@%ﬁf@lg{&%‘%%% &agcbs% N, g,; éopstituted hy the Si%orresponding

screenmg phigelibrares
sequence from a non-human s In practice, humanized antibo ies are t l%aalﬁ/ uman

antibodies ifPivBiemsoheCDRIteRiIUEsIant (passibly somebPry rexidbles eres (Ibstiumstiby residues
from analogaussiies %E%@WH%?@%&Q%%%EBQ&Q@Wﬁﬁ%ﬁ”@l@oﬁ%@@%ﬁ?%@iﬁ& foth light
e

‘and heavy, to be used in making umanized antibodies is very important to reduce antigenicity.

According t8SHES$ar B dd obEsErerRBgh bY fnersatusheio pihengd o & a drsiR 618 dBAt
ﬁntibody is wg@@e@@oaﬁamlﬁgtﬂea@mﬁ@slmf?&ﬁt@d k&é@@waenwmh &Mﬁf@!ﬁr&%ﬁ@%ﬁﬁ%@fm- Thi( )
uman seqyence which is closest to that of the rodent is then agcepted as t uman framework (FR
for the995 u mﬁm%a %Eiﬂ%soﬁff &%&éﬂ&ﬁﬁ o5 WSS i%ﬁ?é&%% I&&éﬁ%ﬁ%ﬁ% r.‘??f}aﬁ? ol. Biol.,
196:901 (1387)s Afnothemméihpdasds@paricy e tirameanaik deiiie dnframdin esndnsensins 0y

sequence 03 E%Q human apg}%oa%! 1seofsgl &g%cul?gcggggrp%%lof li tljiﬂ%r eavy, l%gglg . The same

framework may be used for several different AUmanize an(fi%o 1es ( arter et al., Ii’[}tc?éésﬁlatl.Acad Sci.
USA, 89:42851¢+992); famsstacbomb! 3. fidhiangh, asb@§230(:083)}. {0158 kdgschath&oimiborthatahat

antibodies be huprapized withyetention,efRighalfinity farfhs @otigen;ang;gikesavarable biological
properties. To achieve this goal,
25 Sequences of Proteins of Immunological Interest, Fifth Edition, NIH Publication 91-3242,
Bethesda MD (1991), vols. 1-3.
[0132] In certain embodiments, the antigen-binding domain of an antibody is formed
from two variable (V) regions of about 110 amino acids, one each from the light (VL) and
heavy (VH) chains, that both present three hypervariable loops (HVRS) or complementarity-
30 determining regions (CDRs). Variable domains can be displayed functionally on phage, either
as single-chain Fv (scFv) fragments, in which VH and VL are covalently linked through a
short, flexible peptide, or as Fab fragments, in which they are each fused to a constant domain
and interact non-covalently, as described in Winter ef al., Ann. Rev. Immunol., 12: 433-455
(1994}). As used herein, scFv encoding phage clones and Fab encoding phage clones are
35 collectively referred to as "Fv phage clones" or "Fv clones."
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15according to one embodiment of the method, humanized antibodies are prepared by a process of
analysis of the parental sequences and various conceptual humanized products using
three-dimensional models of the parental and humanized sequences. Three-dimensional
immunoglobulin models are commonly available and are familiar to those skilled in the art. Computer
programs ajite! a¥hilable WeiehtiivstodE@nddoisp e probablsthieectiriensionap2Qeanissriational

structures of selec ndidate immunoglobulin. sequences..Inspection of these displa ermits
analysis of TR RS Ford Oh o T e S R e SRt Sequence,
i.e., the analysiswbradicidethatinfierited théAabititeof/thdwafdid dtermpiuidoioB iyt 1o $AY its
antigen. In fhisway ¢FR f%%ﬂ%&?&h&%s%@&ﬂ%%?%&q sembingd.Jam IE'%%%%HBQ&%%%
sequences so that the desired antibody characteristic, 25stich as increased affinity for the target
antigeri(s), {BedeRIBLERrP§episfaICHHE hybiadoaabid g tesidasgikraaiveetly atdbmeisned
substantially, ipveived infusheingranticeninding (0334l wman aniibodiesaf ig ipvention can be

constructed by combining Fv clone variable domain sequence(s) selected from human-derived phage
display libr&REESREtH KPRIAPH AFEHCEHSIA AT a%%ﬁé}?ﬁds‘@qﬁéﬁﬁé@ﬁfééu@%f%éd1&b6%%7’Aﬁernative|y,
human monogignalaQiantiaodies:efithednviientak benhada by ihelbyhddamammethagdiuman
myeloma and mguse-hugan Qeteromyel%rna ceu{i es for the gtroduction of human m?noclocrl\al
antibodies K508 BN GeLeMbea s SxAMpIE By KOIBOPT® [RMHIAGE 3% 3OtV IERH) HitGeur et al,
Monodélbnaliitibbigy Biaclu iR 3TreghnmiguebtandcApplishticms; ngprs it 68vikarsalcBeikkarbync., New
York, 1987&3%%(@%@%9@“ é]r. m%lll_ngmli}ﬁ:%@i f__%%%]()}.gégil‘%]lt is possible to produce transgenic

animals (e.g., at are capable, upon immunization, of producing a full repertoire of human

antibodies it¥thélabsench: stdnt sdwdusdmntliowobutinpasde ctiohtorbpbsaaslecdy has been
described that theRameryeeus:HelaiRr QathisARIadY heavvslainiabNg(eaiPh.(dihigrnedn

chimeric and germ-line mutant mice 5 results in complete inhibition of endogenous antibody

production. STRES ST B thBagtiants Jerhishe ThimdiNOgeBiRs JEne BRFEsIEHOBUER 8#n-line mutant

mice will regyltirthe-Riesustianet bumansaibpdiesapon antigenshaliengaxSescse.g-sdakobovits et

al, Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits eﬁ&bal., Nﬁture, 62:255-258%91 93);
g4 & Haal

R W sl B L o i ) B sgi e R R A DD v i e

10[0156]Genkcshwdlingecantalse beusetHosderivecHuman aintibagies fiorr ndhathuragmpeg. rodent,

antibodies, where the human antihody has similar, affinities and specificities to the starting non-human
antioody. AL AP R Rod M 0 e e e e S B e
chain variaiste:regiomef @ga@mdl_asnﬂ‘aw émﬁm@yrfbagmemrb&’ahﬁeﬁfw ﬁhagé)d'fk@&.yﬂté&iﬁh?@&bs_ as

descripd Nyl s replageg i) ieRRrRER ehdRiNIAN Y0 amalR NG GEBHing: aRkation of

non-human chain/human chain scFv or Fab chimeras. Selection with antigen results in isolation of a

non-humaniéRaimeakreraipddimmdneseEoornma whbidibr e rshin Shain regtirayig antigen
binding site giaslieyacipROMmemOval Riitha GRLRSPRNINEHOR-MMaR chalithiRe RHsEYARage
display clone,1 i.e. the epitope,governséim[?rints) the choice of the human chain partner. When the
process is 2B FEPESHS AN BraEP B HBRIE SR hSHRERAG ﬁbﬂ%ﬂmﬁﬁﬁﬁﬁséim&%ﬂ%ntibody is
obtained (seeRErEVD 2306 2% publisherh Aptibhbd S9nUnlike draditibog) beivanizatien of
non-hyman, antibqdies hy CDR grafting, this technigue provides completely human. antibodies, which
e 1 £ DO R B DA SHET A ACIOEORS DG D P 00
fragments mapdisegernesrsigaibyraaditomaicn dams)sut huasie noymatiglohgbstiens ortby (@dombinant
techniques. ln, certain ci e re tages. of usi ' f . rather than
hole ant o L R
improved aétess s sofdcalinpieduraica reviaitbbedicarsansivotgffagme aescosMeidysnet al. (2003)
Nat. Med. 91285434 roducing transgenic mice is described below.

30 [0136] Additional enrichment for anfi-antigen reactive cell populations can be obtained

by using a suitable screening procedure to isolate B cells expressing antigen-specific
membrane bound antibody, e.g., by cell separation using antigen affinity chromatography or
adsorption of cells to fluorochrome-labeled antigen followed by flow-activated cell sorting
(FACS).
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30[0158]Various techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies (see, e.g.,
Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117 (1992); and Brennan et
al., Science, 229:81(1985)). However, these fragments can now be produced directly by recombinant

host cells. Fag v and Sefantiendyntragmnenisceandbahberaxpeasseddapdisestias from E. coli
thus allowing the facile production of Ia% e 53 amounts g}é.htgse fraﬁ{?entE%Antlbody_fraglﬂn%gents can be

isolated frof tHE LRSS G Ioh AEE 15 HEd B PSS StBPRERGER) TPXE SR FRGHMERT can be
directly recelsered-isomit.coalirandehdmicallibooy pledrtofond &(abh2flagments{Carteiaig|.,
Bio/Technology: 10;163- 167.(1992)). According nother approach, F(abl)2 fragments can be
solated bty T b e B e e LR o i wivo
half-lifeSconapridimgtisahsiee relbeptohdsirdied) fepitahe sdsidtasmppei desoribadinds)cBeddatg No.

5.869,046. Oiher IechRgues J9ihe YaduRloR el AMHRRAY Megmais il.PE-ARRAIERHRNE skilled

practitioner. In certain embodiments, an antibody is a single chain Fv fragment (scFv). See WO
93/16185; Yagchaf pggabsareicsouchaysiman. asgisE ATt A semharBIpEE b KRB &EBYith 10intact

combining :ﬁ&@@ﬁ@g{@n@@@z{@i@eg@%&g%g@g@%_thus, they may be suitable for reduced nonspecific
binding during in vivo use, scFv fusion proteins may be constructed to yield fusion of an effector

protein at elffefihe amind SKthaKhABEXY IR ARTRS bY i Birsrne seemAbisday edigmadting &L,
Borrehaeckseupriats Tdre @ptiboey fikagrientinay alsocbead lingafiantibothy'c8gof acdesgstbed in U.S.
Pat. No. 5,641,870, for example, Such lingar antibpdies 15may be monospecific_gr bispecific. (vi)
Partiases vl o e cicis et iod Rt = e O L
different cpiﬁmpem@mefcémmwmmawmm Iﬂﬁfwmmllﬂmg@rﬂs piithéle sw_bthm_g)thelﬁles_
normally W'%%Ye%k%?"%’@%!ﬁ%%%'\?ﬁ%HR?E%&? JDISRECING ANUR9FISS; gﬁﬁ?ﬁ)@%ﬂ%ﬁ.%%o with
additional specificities such astrispecific anti oéles are encompassed‘ y this expression when used
herein. Bispeéifie’aikiB60is tahBd Yehatedchs ronkias giyartibaiesTop aistitre dyr feapieisins (e.g.
F(abi)2 biS@ﬁ@'f(ic%%ﬁ‘ékb@ﬂi%%&%@QM%&QQ%JQ%M&B&H@Wﬁi,%&tmiﬁﬁﬁ@?s_%@%@iE‘nﬁTe art.
ucti

Traditonal production of full length bispecific antibodies is based on the coexpression of two 25

immunogloBaifF KEaVFRITSRLIRIRHATR Paireniihend e fibremassshiave vitkdrdht Soeemiciias
(Millstein etgaketatiine 03086537 203999 83)) iBReadse.0f tharandom agsesimentof imsagngglobulin

antibocy mAISALTEC S URTER S o R THG COHeE bty Gl e ST BN dhcorrec
molecule, wibics is usLBIbydbme. Y. afikity130¢h rord dbograp hyiateps;iisinathenasimbecgames and the
e e e e TR
with the desiparplementarity, degeneracy can be incorporated in the primers as described in Orlandi et al.
(1989) or Sastry et al. (1989). In certain embodiments, library diversity i$ maximized by using
PCR primers targeted to each V-gene family in order to amplify all available VH and VL
arrangements present in the immune cell nucleic acid sample, e.g. as described in the method
25 of Marks et al., J. Mol Biol.,222: 581-597 (1991) or as described in the method of Orum et
al., Nucleic Acids Res., 21: 4491-4498 (1993). For cloning of the amplified DNA into
expression vectors, rare restriction sites can be introduced within the PCR primer as a tag at
one end as described in Orlandi e a/. (1989}, or by further PCR amplification with a tagged
primer as described in Clackson er al., Nature, 352: 624-628 (1991),
30 [0139] Repertoires of synthetically rearranged V genes can be derived in vitro from V
gene segments. Most of the human VH-gene segments have been cloned and sequenced
(reported in Tomlinson et al.,.J. Mol. Biol,, 227. 776-798 (1992)), and mapped (reported in
Matsuda er al., Nature Genet., 3. 88-94 (1993); these cloned segments (inciuding all the major
conformations of the H1 and H2 loop) can be used to generate diverse VH gene repertoires
35 with PCR primers encoding H3 loops of diverse sequence and length as described in
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binding specificities (antibody-antigen combining sites) are fused to immunoglobulin constant
35domain sequences. The fusion preferably is with an immunoglobulin heavy chain constant 54
domain, comprising at least part of the hinge, CH2, and CHS3 regions. It is typical to have the first
heavy-chain constant region (CHI) containing the site necessary for light chain binding, present in at

least one o ke, Bisions RNAmERRACEAING e MmAmneglahelindeavyaham iisians.Ard.hdesired, the

immunoglobulin light chain, are inserted into separate expression vectors, 5and are co-transfected into
a suitable hBaEeIGERMIeTIFAUERET HISE Y (RPN fihb]0ehRg 1 s ieRath e plsasEREd0f the
thﬂ;e pO'VDﬁDEQ&iE&eQQOﬁﬁB? ﬁmpgeimes&?tgde,rggt]rmuauati@mgl}.hﬁﬂame\n%&fﬂepdﬁde chains used
in the construction provide the optimum yields. If js, however, possible tq insert the coding sequences
for o o alHEEL DL PG RS T SHE G SR e LN B S iRl i PTGt o
polypeptide2shaiss-iet s d0yatiosaebulisdd tbighyialdsiativligh theinatips -aiecof Rongariicklar
significance, [0162] In.one,.emhodiment of this.approach, the bispecifi ibodies are composed of a
ybrid S B e s bk i SR S O e S A
immunoglobutibodeawy chrainidighle craiupalid(proidiniy deseogathbiridirng s pédifisity) dnctivengther ann. It
was found PRUUSaRMIes SUGIR Belilaies he.sanpaen AL NG JRPIEdAn BiRRscic

compound from unwanted immunoglobulin chain combinations, as the presence of an immunoglobulin

light chain iHeESP AR haltoVIREbispée(fibirloREliIdIréviadd 98! a facile way of separation. This

approagh iggiggosed in W&&ﬁ@é@@&tﬁ@ﬂﬁ%éﬁ@é@ﬂﬁ Bf genaralingmispeeiisaniRogdies see, for
example, Suresh et al., Methods in Enzymology, 121:210 (1986). 20[0163]According to another
approach &S isEa NTRGEETSFS 11 STHEGhterfacE OO DS O SHHHUHY Mbieelies ¢ai-be

engineereddaimaxises theduesteatage:af, belewdiseishich arefteaonerees fomsreaombpinant cell
culture. On Ilé% rface comprises %t least ?ig{art of the CH 3 do];fnaln of&m antégg%)(gconit??nt domain. In

this method, oF More Ermafi’Amine Acid sﬁceugﬁ’a?r%’tir%en%o e%‘;%lrl?acegcgtb Kt 1L%?8)?"‘molecule
are replaced/with25aider sid@ cHRivs 1206 .(aodindler iryptoplam) bSampensatarly digavitiedt of

identical or similar si th i i n the.interface of the second antibody
malecile by s B e 2 b, Thvs
provides a itetheamehfotriraasinyite VierneMhaderérbeirmsrcbvmd stneraiiivanteiierd-products

such as homodimgrs,3Al01G4IBISRes fig antihagdies incld esrass - inked Ol RERIPENikigRte”
antibodies. For example, one of the antibodies in the heteroconjugate can be coupled to avidin, the
other to biofH S IREHP ARtRRSH $ARNTRE AT BbRPERTHSER tntat GESTHRIGAR St cells to
unwanted cellgld ShritgtsiNos 4:8764280), nddantieataraptiohbbdinfastion (W 94/N06R, WO
92/20%&73, and EP 03089{. Heteroconjugate antjﬁogﬂie m § m c{z using any convenient
cross-hking GG S HABIE K SCRRRING HEEte &rAE Nib i e s PR eEBlosed in
U.S. Pat. Nonth, 6 £6,980¢iomganitlara cuipablercetl cnos sHagkingiteshdibese swB:lGbEFes pnigtdes for
generating pi;pecifi nti%i “ frgrpb% Ei, oqy fr ments !:gve ?I, ob sq\(}? cribed in the literature.
For examplea;"B?s%g%G?f%sé)ntl hodies %én %gt%p?e%%oreg Jg“llr?g éhé)m%g]lﬁrﬁfagef Brennan et al., Science,
229: 81 (1988 describe altmesdehne Whemiridntacnay be cloned sequentially into the same vector,
e.g. as described in Barbas er al., Proc. Natl. Acad. Sci. US4, 88: 7978-7982 (1991), or
25  assembled together by PCR and then cloned, e.g. as described in Clackson ef ql., Nature, 352;
624-628 (1991). PCR assembly can also be used to join VH and VL DNAs with DNA
encodmg a flexibie peptide spacer to form single chain Fv (scFv) repertoires. In yet another
technique, "in cell PCR assembly” 1s used to combine VH and VL genes within fymphocytes
by PCR and then clone repertoires of linked genes as described in Embleton et al., Nucl. Acids
30 Res., 20:3831-3837 (1992).
[0142] The antibodies produced by naive libraries (either natural or synthetic) can be of
moderate affinity (Kg” of about 10° to 107 M), but affinity maturation can also be mimicked
in vitro by constructing and reselecting from secondary libraries as described in Winter ef al.
(1994), supra. For example, mutation can be introduced at randorn in vitro by using error-
35 prone polymerase (reported in Leung et al., Technigue, 1: 11-15 (1989)) in the method of
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antibodies are proteolytically cleaved to generate F(ab')? fragments. These fragments are reduced in
the presence of the dithiol complexing agent sodium arsenite to stabilize vicinal dithiols and prevent
intermolecular disulfide formation. The Fab fragments generated are then converted to
thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB derivatives is then 10 reconverted to the

Fab-thiol by;reduetion, with ergaptostaylamine:anstis mixedwithanserimalar amownt ofhe other
Fab'-TNB derivative to foott the bISEECIfIC antibody. The blapecmc antibodies produced can be used as

agents for tHeddefsétiedimhabilfratiéh PRz iidatiqoalbeREpBRIpHETEeS adeaitereddhs direct

recovery ofgakirsi fragmenisfemdéze dBieolh whish.aambgiabemicallycounlediafoum hiseecific
antibodies. Shalaby et al., J. Exp. Med.; 175: 217-225 (1992) describe the production of a fully
humanized BePERHEShItbAY FIEE S idRsERHdn EXeHE A Homsihsi Vs uap 495 RSt atEd from E.
coli and sukjeated WwalFectedichenical Coupliaghn MWbpda dapni thebispesifienantiagdy. [0167]Various
techniques for makjn.% and isol tin%ll%isgc%ific antibod f.ragngents 20direi:tlljy Lrorgn fec ‘mbijnant cell
culture hav8 BISe Bedh Ba SOt FEfe ar%tre)fér,nf:l)]i%%é(%f%né)nt%égllrélg%oﬁl% Hed 1%rtoC iooh g using
leucine zippetstekiogiainyoétiaht dhdmmemeeal. Ab48(S)cIbditvE 2D B89 R) ioTleckabicinehzippbodéptides
from the Fo rateins.were in he Fab' portion two different antibodi gene
fusion. The e N e e e
re-oxidized ebidIESHE artiyoUy kst deodineis sThis fhethskbratiaiboibecutiitt selfols wiechtoduction of

antibogdy hamadimars.se-dishadyiiechnology describerhbyAoiingsset alrpRrechiat Acad. Sci.
USA, 90:6444 6448 (1993) has provided an alternative mechanism for making bispecific antibody

fragments. FHI AGREMECESMBTEE Bodisa RpE b A fEprE e mai ) (i dermiedidd 18 a MoPit-chain
variable domgin (VL) by a linker which is too short to allow pairing between the 30 two domains on the

same chain, Accordingly,.the VH and V], domains of one fragment are forced to pair with the
complemer AL anet SHTBIRATLISt LHETTS T SFOTtRLTRES Tor i e BhARS ATy stes.
Another straiegy fatomaldngbjspdgificcantibockdfragmethis byl thef udeafikingletchaimpiddsby) dimers
has alsp begen reported. See Gruber et al, J. Immunol 2:5368 (1994). [0168]Antibodies with more
than 100 velBH L e SR o s i R SR e B SR e o
Immunol, 147thedr¢pR9idintoiliSined D omein Antibocies 0486 fospmeisaiedindemisyan antibody of
the inventiofis a.single-domain antibody. 5A single-domain antibody is a single polypetide chain
comprising all or a portion of the heavy chain variable domain or all or a portion of the light chain

variable dom¥aitbf an antiboblean lduraiseEpiss difmertscdinEloasinkiir ehAboSR? iPdHuman
single-domajsn aRERO Ay EBRMANIAING ot WaKR ML S 1S8E pBado HrBc RNt N a§:iddB16 81). In

one embodiment, a single-domain antibody consists of all or a portion of the heavy chain variable
domaif’of anCARHEdS TORHATIBOUS VEPENE 1 7o R s ST BHBBdiEEs Mo Reitrd&uence
modificationfshaf thesansigodiesndesatiberhbereinciewedrtemplatelyiot examphed irayehe desirable

o morove s st suds ot loges) wmperie o et agd e
sequence {1991}, or by alkali, e.g. as described in Marks er al., J. Mol. Biol,, 222: 581-597 (1991), or by
antigen competition, e.g. in a procedure similar to the antigen competition method of Clackson
25 etal., Nature, 352: 624-628 {1991). Phages can be enriched 20-1,000-fold in a single round of
selection. Moreover, the enriched phages can be grown in bacterial culture and subjected to
further rounds of selection.
[0145] The efficiency of selection depends on many factors, including the kinetics of
dissociation during washing, and whether multiple antibody fragments on a single phage can
30 simultancously engage with antigen. Antibodies with fast dissociation kinetics {and weak
binding affinitics) can be retained by use of short washes, multivalent phage display and high
coating density of antigen in solid phase. The high density not only stabilizes the phage
through multivalent interactions, but favors rebinding of phage that has dissociated. The
selection of antibodies with siow dissociation kinetics (and good binding affinities) can be
35  promoted by use of long washes and monovalent phage display as described in Bass ez al.,
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15 encoding the antibody, or by peptide synthesis. Such modifications include, for example, deletions
from, and/or insertions into and/or substitutions of, residues within the amino acid sequences of the
antibody. Any combination of deletion, insertion, and substitution can be made to arrive at the final
construct, provided that the final construct possesses the desired characteristics. The amino acid
alterations mayehe, iptrguredivdopsdjevt @vipdy@mina koaciherauenss af ihadimesthat
sequence i% ma@e. EXMA tibo%}/ D ,riv%‘i've é%l%yjé@ Zpé%%dies of the invention can be further
modified to C8H fﬁi oo éhé%lt% "4aous moietie ‘are known in the art and readily
available. Ifi0dérthin embodimenisictiiesshaichie s s tsble:-fontttexiuat idatidirof t hif anttb ody-aratvater

soluble 25p ers, NonzLimiting.examples of water soluble polymers include, but are.nof Limited to,
polyethylons ) IR oo B B e Csmy N Bl o RS heetuiose.

dextrary, pofyind dtiormkdolseiny kEjrotune ool editqutixs ldkdy poly:t,8:6-wioxane,
ethylene/malgic, anRysitige SRR ERONATIIRAGIHS (DLl AAMO PRI HAREM gapolymers),

and dextran or poly(n-vinyl mm-olidone)polyethylene 30glycol, propropylene glycol homopolymers,
prolypropyl&isd sifiaerathysrewdibe CrpeRfets, sosiany athyishece Fanoaagts glreesofngsiyviny

alcohol, an¢hmipdies dneseets Rehsinienasieobpropp aaldehudemav:inke advaniagesitn
manufacturir%?ﬂdue to jts, stability in water. Theﬁfolymer may be of any molecular gge}ight,_and may be

branched of UABERREROTHEHORBECOROGN MEPLLFRRSTY 1o A& Rin bRy ey Uy DifiRnore than

one 33polypagareaatihaehiscipry-ddry bedhevsdimecatediffetenignaletulels, IBugeneafallithemumber 57

and/or type of olyrga rs ngdr}‘g{)(gcgriv tibzati n P%tn be etermilﬂ_ed_ tgaﬁ%etg on. ongsiderati ns including,
0

but not limitéd fg?theoﬁr icufar proﬁér?escc‘?? (hetione of R anths y 10 be |m]6 ”\I/é’c?w\fv ether the

antibody dewvsitiveywilkbeeusee imvkatibe dpyutand elodefingdt ephditiensyett B (xXPHectdiis it dsnCells, and
Recombin t ' i iNg.rec inan thods. For
recombinai%] .rod%%%@%%@ﬂ?%%%%nﬁ%ﬁ r%lgg?cgggﬁ 1%8@%’%5%&:?%5% igsolated and
inserted intéPH¢@bhtaHR %@hﬁwmn%@démwm@mmiﬁeahi@ha@tsm%dm@Al)abwd@@twession. DNA
encodirg thg aibody maybe readibydisqlated rndisagrencerusingAoconventianalipiacadwes (e.9.,

by using oligonucleotide probes that are capable of binding specifically to genes encoding the heavy
and light chamE BTN RRUTHEEY FTN1APNRGR cftsTacdies AiPIBIEOHEGSEtbY BarRpHERtS YaRsrally
include, but:argdairishited sconexonmargof sheriolawinga Stgnalseausnesrameaginef replication,
one or more marker genes, an enhancer element, a pr mo'gerbaana E’?EP?/CWHW termination
sequence. L0 SRTAP QG LR ED A AEHETD LSRN BCy B BRe PR/CHHioH A B8 produced
recombinantlyi gt oy directly pbatedidbomasa dasiohqiclypeptide wyitla e tenpldgoigs ipolypeptide,

} ite at the

e S e Ol e
preferably ischieeinhanrie@otedegaited ardepresesseielybletsmestbpaditpabingeptidase) by the host
cell. For prokgryQHicly, is desired; (3) adsorbing the anti- antigen phage clones to immobilized antigen;
(4) using an excess of the second protein to elute any undesired clones that recognize antigen -
binding determinants which overlap or are shared with the binding determinants of the second
25  protein; and (5) eluting the clones which remain adsorbed following step (4). Optionally,
clones with the destred blocking/non-blocking properties can be further enriched by repeating
the selection procedures described herein one or more times.
[0148] DNA encoding hybridoma-derived monoclonal antibodies or phage display Fv
clones of the invention is readily isolated and sequenced using conventional procedures (e.g.
30 by using oligonucleotide primers designed to specifically amplify the heavy and light chain
coding regions of interest from hybridoma or phage DNA template). Once isolated, the DNA
can be placed into expression vectors, which are then transfected into host cells such as £, coli
cells, simian COS cells, Chinese hamster ovary (CHO) celis, or myeloma cells that do not
otherwise produce immunoglobuiin protein, to obtain the synthesis of the desired monocional
35  antibodies in the recombinant host cells. Review articles on recombinant expression in
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host cells that do not recognize and process a native antibody signal sequence, the signal sequence is
substituted by a prokaryotic signal sequence selected, for example, from the group of the alkaline
phosphatase, penicillinase, Ipp, or heat-stable enterotox in Il leaders. For yeast secretion the native
signal sequence may be substituted by, e.g., the yeast invertase leader, a 25factor leader (including

Saccharomyggs-angd Khivyeremyeespiasiadeadeis-oraqid dhespbaiaselerdsnshesC albicans
glucoamylﬁsﬁé adeL, T‘]E t‘gg@signal described in WQ 90/13646. In mammalian cell expression,
PEBGE

mammalia & daiuradairal'Sdcletby&abers, for example, the herpes simplex gD
signal, are veifgble. (b) NigimosdaplitationcRAQlA4IR otk @xressiar andisieaingivestars contain a
nucleic aci%ﬁgﬁggnu%%ggagn%n mIe __t{?e vggltor;at%/req.g%?t%in one or more sel(e_ctet host cells.
Generally, in CIORTIG VECIOrS Thisseguence 1s one that enables the Vect M Fepllea @ MaRERdently of
the host chigihosoqmed RN\An &nadtitrcheddsooriatsiof rdplicationofoautolhameushdiepfidating

sequences. guch, St __f Nalri f 1a, t,.and viruses. The origin of
replication I?om thE:- %%?%?3%@%&%&%@ {‘c‘?}l t@cﬁ '?gcr%{-%%eé%%\(/egb%%&terﬁéot e %nglasmid origin
is suitable fsPy@aserdrouveribushirrarmigns c8Mue Isblylia Jaticlbvirad, IVSwerBPiEars.useful for
cloning vecigesgnmameatianselznbenrsalihihr LHoM A reRlicaioncOMARRRNt ig ey needed for

mammalian expression vectors (the SV40 origin may typically be used only because it contains the
early promdtaPf f&5 sl & g EREOG 98 HEN PId A7 B35 1R ERT e Bsitice BYRG L BERFS #A8yEEBNtain a
selectian genedalseoistmettasesiabieamakesnhynicalselestionueiasassadrpipsins that (a)
confer resistance. tp . 10 antibjotics or other toxins, e,g., ampicillin, neomycin, methotrexate, or
tetracycline, ﬂ'}r%:do jklr?‘}]egﬁllﬂ hﬁas?@'trcéﬁﬁ}@ ﬂ]&!é%éi %%%ﬁé%@h%ﬁ%%ﬁ%ﬂﬂﬂ%ﬁfs HBE05ilable from
complex mediawlgidtheijeds encadihgrBnalbnira sacenadintertBaeilliv [Qdrojeneekample of a
selection scheme utilizes ug to arrest growth of a host hase cells that are successfully
transformegn\}7vn£§§1 g%lg%g?o 69%6%%%?% %?Ei%ﬁlgecgnf}ﬁigtteﬁﬁgﬁc%ﬁle}r(fn8 rﬁadr%géi%? hees %@ thus survive

the selectiofiflegimaniaEikagblesahdireidomieaiigtelistion use the drugs neomycin, mycophenolic
acid apdl hygiomycin. OGN exAMRIA.h Hitabls SEIRIPRISMAIKGISIN, TRmMAARgPls are

those that enable the identification of cells competent to take up antibody-encoding nucleic acid, such

as DHFR, dititafinke smitiedacecranplenhidhbtkinashe sesiagoaternsiafrubeman booprémstably

primate mefalipthigheisnganes-AdRR osine deaminasS iR desahxase. Effod 0k 8] For

example, C%”% tgalnsfa ned with the HF%lgene are identified by culturin )
ybridoma clone (e.g. as i the method of Mommson ef al., Proc. Natl. Acad. Sci. USA, 81:

6851-6855 (1984)). DNA encoding a hybridoma- or Fv clone-derived antibody or fragment

20 can be further modified by covalently joining to the immunoglobulin coding sequence all or
part of the coding sequence for a non-immunoglobulin polypeptide. In this manner, "chimeric"
or "hybrid" antibedies are prepared that have the binding specificity of the Fv clone or
hybridoma clone-derived antibodies of the invention.

(1v) Humanized and Human Antibodies

25 [0151] Various methods for humanizing non-human antibodies are known in the art.
Fer example, a humanized antibody has one or more amino acid residues introduced into it
from a source which is non-human. These non-human amino acid residues are often referred to
as "mmport” residues, which are typically taken from an "import" variable domain.
Humanization can be essentially performed following the method of Winter and co-workers

30 (Jomes et al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988);
Verhoeyen et al., Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR
sequences for the corresponding sequences of a human antibody. Accordingly, such
"humanized" antibodies are chimeric antibedies (U.S. Pat. No. 4,816,567) wherein
substantially less than an intact human variable domain has been substituted by the

35 corresponding sequence from a non-human species. In practice, humanized antibodies are
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the transformants in a culture medium containing methotrexate (Mtx), a competitive antagonist of
DHFR. Under these conditions, the DHFR gene is amplified along with any other co-transformed
nucleic acid. A Chinese hamster ovary (CHO) cell line deficient in endogenous 25 DHFR activity (e.g.,
ATCC CRL-9096) may be used. [0179]Alternatively, cells transformed with the GS gene are identified

by culturing, e WANFIRIMARBIRGHIRMBHURSRIAARY bellis e U iRImIBR0, an

inhibitor of Unider these conditions, the GS gene is amplified along with any other co-transfoinied

nucleic aciFUPHEWSS BelstiyRTdrAplifieansr s yitsrt aedy benidedits-combination with the 30 DHFR

selection/amplifigation systeansieserines abeye.He1Balalterpativel: hasheglls (patticylagy wild-type
hosts that contain endogenous DHFRF. transformed or co-transfouned with DNA sequences encoding

an antibody Sr e RS AP ETIPREE YENE AHOPRHEEh E SO ABIS S REr \SGeFHE Shillio8Ty coside
3'- phosphotaiinsfarasei{ARitchhbecgatactest iy caligrowts med uwasoaipifhag @ seleation agent
for the selectable marker such as an aminoglycosidic antibiotic e.g., kanarnygin, neomycin, or G418.
See U.. PARRENG: 4088 1By (6L B S AR o A e ISE I P el e ene
present in thérgbastiMasnidMRE I{Stidehconicret@kptidtusrte282030 fa8E8)) TR irfirgene provides
a selection train of,yeast tagking. ilitys to -in.trypt 1; example,
AT No, 41 S e T e e
yeast host d&tf §EAGHIE thetotbideaiing eftsctivereqwiommertcdr deredifigry Arstonssation by growth

in the ﬁbse@5@9&5@@5&@h@&\a;%m{@ameggp@ﬁatwwkus@%hg%@@(%I%%%Oﬂé’@sc@%@) are

complemented by known plasmids bearing the Leu2 gene. 1 [O_lé ]In addition, vectors derived from
the 1.6 gm EFQAEPHIAHI Wlf%aﬁe‘ﬁéaﬁéé&w&aﬁ%mmww&w%imeé’waé\fgﬂ-
Alternatively,can mpmiw%gmwm lprgen scalepraduetion of regombimnt (_:alf chymosin was
cporte k. Ve SR SEI T ECoon B 135 (190) e mulicop opresson
Kluyveroinyd@sitpte éisereen dbidisicto $aarikdsielglcaRioépecienclogyhd: 86849 £ba(1991). (d)
f;&;"g%%i;ﬁ% RSP EIBRERsIca A NN VSR Aengaliv.contain & premoter that s
of analysis of the parental sequences and various conceptual humanized products using three-
dimensional models of the parental and humanized sequences. Three-dimensional
immunoglobulin models are commonly available and are familiar to those skilled in the art.
Computer programs are available which iliustrate and display probable three-dimensional
20 conformational structures of selected candidate immunoglobulin sequences. Inspection of these
displays permits analysis of the likely role of the residues in the functioning of the candidate
mnmunogiobulin sequence, i.e., the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way, FR residues can be selected and
combined from the recipient and import sequences so that the desired antibody charactenistic,
25 such as increased affinity for the target antigen(s), is achieved. In general, the hypervariable
region residues are directly and most substantially involved in influencing antigen binding.
(0154} Human antibodies of the invention can be constructed by combining Fv clone
variable domain sequence(s) selected from human-derived phage display librarics with known
human constant domain sequence(s) as described above. Alternatively, human monoclonal
30 antibodies of the invention can be made by the hybridoma method. Human myeloma and
mouse-human heteromyeloma cell lines for the production of human monoclonal antibodies
have been described, for example, by Kozbor J. Immunol., 133: 3001 {1984); Brodeur et al.,
Monoclonal Antibody Production Techniques and Applications, pp. 51-63 (Marcel Dekker,
Inc., New York, 1987); and Boerner ef al., J. Immunol., 147: 86 (1991).



by the host organism and is operably linked to nucleic acid encoding an antibody. Promoters suitable
for use with prokaryotic hosts include the phoA promoter, ,13-lactamase and lactose 20 promoter
systems, alkaline phosphatase promoter, a tryptophan (trp) promoter system, and hybrid promoters
such as the tac promoter. However, other known bacterial promoters are suitable. Promoters for use in

bacterial sy also wj 1, £ ne: mno (S.D; ence. ly linked to the DNA
encoding ar_f:(S grgi%;ody. [Oi:ILéé% P%?ﬁgggﬁs%%%%%ggs%%%?&ﬁ% F B a%ry %{é%?%ﬁf&gﬁ%%lflg%f(aryotic
genes 25 hap@aniZToichlgibisiocatell approximetey2s i dasesthpshwans flomddessits where

transcriptionqigpifigiest ANARRESeuRReRfapnd if 010,80, RRSEFHUR SR AR feR I staltiGon

transcription of many genes is a CNCAAT region where N may be any nucleotide. At the 3' end of
most cukarybtiecqaibeds B A ATR 0 UdRR BiSeeNthar B78y Bectheis Har iy BHRfORWIhBIsBly A tail to

the 3' end ofcthe:cRdibgisieaUeReRiA bPEHIBEE SN LENGRE, e dRIsHaR! Y 3RiTeeHed dMa tkaryatic
expression yectors. Oli%}@am les of suitatige %E%gwter sequences for use with yeast hosts include
the promoté}%ef%%% 15 R ATE il b P BTG B s s W Eh AR rendygten of
glyceraldehjyde3-pindisphiatedehyditpgehate; e Sekinaselapybovate-dgcarboxylasel ahospho-
fructokinase,, glucose-6;- h iIsomerase, 3-phosphg t tase, pyruvate kinase,
triosephos;HégtAé’%ajésgrla %%ﬁ?@gﬂﬁ%iﬁ&%ﬁ%ﬁagg agr%lC gﬁcﬁﬁ—@ﬁggﬁaﬁﬁ%@% ’
promoters, whichuare. ifchiiolbe premotorehhsalinigpthdaaddiiohaAbEdVaMage of transcription controlled

by groygth candigions, arefhe Promeletiediens ok aplisonal deydreannase. 2 nisasvieshiame C, acid

phosphatase, degradative enzymes associated with nitrogen metabolism, metallothionein,
glyeeraldeh§éel8dpodpitad e hdrodiassammbpdy R s iradporEmidciomeshstrssecivd §dhictose

utilization. SuitablesaoiorsARgIMOIErSiAISe &Hin@aMﬁfaﬂ%ﬁg@JMae@,[%géibed in EP
73,657. Yeast enhancers also are advantageou,sly used with yeast promoters. 10[0187]Antibody

transcription STt GTE R THaRfvE IR HOG e S E R B &cesidi BB BIPOdy BRsmBiers
obtained frashtihegonomes Okpityusehniyohsas pelyonaa s fowioeyinig agdepavires{such as
Adenoyirus.2), bovi apilloma virus, avian sarcoma.virus, cytomegalovirus, a retrqvirus, hepatitis-B
e, Lol UHR0s 40 oA 1 ARG AR AN BROTORAn A AT Bromoter or
an immunogiohwiizs pfmedien, 4Brem dtreatshicck pdatotess aprovddedhsudhipfomoetecsadire compatible
with the host.cell r , ers of the SV iv'r are conveniently
obtained s U e T R L A MR S T
immediate &8y OMbRIGTae IRV IoNegHion i shis vonveragy Ginkinetrs eHhwdIl E
restriction fragment A suSEm IR PRI ERSING PINARMAmmaianheste ysing dhg.pavine 20papilloma

virus as a vector is disclosed'in U.S. Patent No. 4,4] 9,446. A modification of this system is described
in U.SZPatdfbiir 4601 o 18 repbis ies rRapednemon-tesens ot s St 2 5edy srobigned sish of
human [3-ingerfevon ¢DOA IR FoBLSR Calisiunderothe taniiotaliadAymiding kingscopsematerdsom

promoter, 284 ERNACeT et AAROH AR 16 LHOF e eEPR N 6P EAIR LRESITENE B body of
this inventiomBRRIGHER residues of non-human origin.
{v) Antibody Fragments

25 [0157] Antibody fragments may be generated by traditional means, such as enzymatic
digestion, or by recombinant techniques. In certain circumstances there are advantages of
using antibody fragments, rather than whole antibodies. The smaller size of the fragments
allows for rapid clearance, and may lead to improved access to solid tumors. For a review of
certain antibody fragments, see Hudson et al. (2003) Nat. Med. 9:129-134.

30 [015%] Various techniques have been developed for the production of antibody
fragments. Traditionally, these fragments were derived via proteolytic digestion of intact
antibodies (see, ¢.g.. Morimoto et al., Journal of Biochemical and Biophysical Methods
24:107-117 (1992),; and Brennan et al., Science, 229:81 (19853)). However, these fragments can
now be produced directly by recombinant host cells. Fab, Fv and ScFv antibody fragments can

35 all be expressed in and secreted from E. coli, thus allowing the facile production of large

53



eukaryotes is often increased by inserting an enhancer sequence into the vector. Many enhancer
sequences are now known from mammalian genes (globin, elastase, albumin, afetoprotein, and
insulin). Typically, however, one will use an enhancer from a eukaryotic cell 30 virus. Examples
include the SV40 enhancer on the late side of the replication origin (bp 100- 270), the cytomegalovirus

early promeigsenbandekdhepaiemanapbancenaibedate:side.f therapd cationdriginyand
adenovirus enhancers. See also Yapiv, Natyre 297:17-18 (1982) on enhancing elements for activation
o oukary ot I LS FR EN L L) el ABrSBLITARS e ks HH SOUT LG o the
antibody-enebiding semiesicecdyiisd préderablyiochbedhaia €iteid’ frain He/Peomolesy (@ Tanscription
termination t [0190]EXxpression vectors used.in gukaryotic host cells (yeast, funai, insect,
plant, Sanmisl He . ot ST Han e e n AR
sequerices 1seeedazagt ﬁbﬂti@éﬂgﬂﬁhﬂ@tﬁﬁb ofdrBiadCrifigmemdvior Brabiizihi thehRNkeSuch _
sequences aji cammanua Alaple: B be siand-oesasianalidhuntiansiaigd kegiengsgfpukanyotic

or viral DNAs or cDNA se regions contain nucleotide segments transcribed as polyadenylated
fragments it (FetrEALRStEY BemiodusttiechmRREhbaamratidnarotent toubsrfittiethscription

termination GaspenantistaeiReMineskRM HosMERe PRl ade VIt egion. feaMd94£:1026 and
r disclosed therein election and transformation of host cells [0191]Suitable

th i t . ,
ot ol B B A A A AT o S BF Ok Ry S HSE i ha e
eukaryote celistaesatibetbaheythatariabiejdrokasyetes forithis thpiiposaineudradldfaeteria, such as

Gram-negative or,Gram-pgsitjve organisms, far example, Enterobacteriaceae such as Escherichia,
ZEEE e, Cr

e.g., E. coil, H‘%SPO%(’Q@ er, rvv‘fr%clielf,l 88&%}%}’&3?0'%8%3 hlolat é),t eé?&.%%lrﬁé’ﬁgﬁtg’ffﬁ ff)nuriutn,
Serratia, e.gi¢8dnatiaoharceRrangratch Shigiblia flesamelbas BacilivsughcasiBusobiilisciivdSBe

ohen ‘o it FuFHENIIDIP AR HIREOGED Fi %@%Jdéﬁf@%@%%@rﬁgjgl S 4 i

Pseudotnonas such as P. aertiginosa, and 20 Streptomyces. E. coil cloning host is E.
coli 294 (ARCED 446 &ftHetgthwtiestrdits Noch &k 870w B Empbil )ach7& ¢ammdbedisa7), and E.

coil W1 10 {AT ECrhipadiBresyiables I hese examples are illustrative rather than limiting. [0192]Full
length antibody, antibody fusion proteins, and antibody fragments can be produced in bacteria, in

particular when glycosyléﬁamﬁéi@ﬁeﬁgp?&?ﬁion are not needed, 25such as when the therapeutic
antibody is porfepated tavauBypetoxicagent ée 1gwatiaxiny thatinyvitissoshowsseffactiveness in tumor
cell destruction. Full length antibodies have greater half life in circulation. Productjon jn E. coli is faster
and more cERLRHRRIGAE O SHBTRES O O NGED FAGFRE L EREp e HBE H SiRora, seo, e.0-
U.S. 5,648, 88in(artai enlalbintUtSo 878109 (dphs Etalb)sidHi5:8400823, (Sindmpastidiodlyswhich
describgs translation initiati Q.region (T1R) and sianal sequences for optimizing expression and
secret?(()?n. S“ei%ﬁa%cc?%ﬁgtgl%%} \ gettlﬁ%% sc?ngﬁ%é%gﬁfgf éqig %Og%?vgﬁ %fgn(]gal?%s yoj[,ﬂgd?{ﬁﬁsmmg%a Press,
Totowa, NJw2008ycpperas-2hacdbseribhwgiexpredsiorrpiaatibSdy aghveriteodia ccohttipdtor
expression,ghe.antibady mayhe,isalatedfenadhe)E. coli cell paste in a soluble fraction and can be

purified through, e.g., a protein A or G column depending on the isotype. Final purification can be
carried out §#Hifdr to the 'E%‘é%f%ﬁ’ﬁﬂ!ﬁiﬁﬁihémébwi@@ﬁéﬁééf@ﬁﬁﬁ tretcdigdijonds)in addition
to prokaryotgsdgstlearyotit micenss,steh asilamenV4sRIURY coexpression of two
25 immunoglobulin heavy chain-light chain pairs, where the two chains have different
specificities (Millstein et al., Nature, 305:537-539 (1983)). Because of the random assortment
of immunoglobulin heavy and light chains, these hybridomas {quadromas) produce a potential
mixture of 10 different antibody molecules, of which only one has the correct bispecific
structure. Purification of the correct molecule, which is usually done by affinity
30 chromatography steps, is rather cumbersome, and the product yields are low. Similar
procedures are disclosed in WO 93/08829, and in Traunecker et al.,, EMBO J., 10:3655-3659
(1991).
[0161] According to a different approach, antibody variable domaing with the desired
binding specificities (antibody-antigen combining sites) are fused to immunoglobulin constant
35  domain sequences. The fusion preferably is with an immunoglobulin heavy chain constant
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yeast are suitable cloning or expression hosts for antibody-encoding vectors. Saccharomyces
5cerevisiae, or common baker's yeast, is the most commonly used among lower eukaryotic host
microorganisms. However, a number of other genera, species, and strains are commonly available
and useful herein, such as Schizosaccharomyces pombe; Kluyveromyces hosts such as, e.g., K.

lactis, K. fragjﬂﬁﬁﬂ@@aﬂ;az@&);e%t *ﬂhi}g@fi@é%ﬁ@%c@{%a%@% Wiskerami (Gl e K. walii
(ATCC 56,5 é)o K. droso |Iarunt TCC; éﬁ@éﬂ?ﬁlc 10 hermotolerans, and K. marxianus; yarrowia

(EP 402,226 PIdhid P E’s‘ ?@f@f—"t YA ﬁéﬁ%ﬂ?@%@%@r(éﬁlmlﬁé’ﬁdmgurospora
crassa; SchwianiomydesssoiohedshS chniasnimnycescodeidentalispand ilamentaus Singi twehas, e.g.,

Neurospora Pe illiu 0 cladl d As illus .hosts h as A. nidulans and A. niger. For a
review dlSCUSSiI’?Qng'[?]e Lﬁéé-gof yeaste g@)r%i i il %%usg fingi qglr‘tt dsemm‘%?(r)oS SO P IR &S Broteins,
15see, £.9. @hén’qagr@wn&fa@ttﬂlammﬂz’fﬂaﬁgsm@m@o&ﬁtmﬁﬂ@eﬁmgrﬁxanﬁbamdhyﬁast strains may

be selectednhighaiusasBRRAYAYA e her:BURaNZRd: IspUliag I (e ipgction of an

antibody with™a partially or fully human g rn. See, e.g., Li et al., Nat. Biotech.
24:210-21542008) f@%&fﬁh@g}fﬁmmaﬁ&?@hw gwéogymm@imﬁmwmmm pRstoMs); and

Gerngross efds suURl dowRlR1L RIS Hitakienbasticelisdar thg.pxpiession b olycasylaled aptibody are

also derived from multicellular organisms (invertebrates and vertebrates). Examples of invertebrate

cells includ&BIEATAAREIFISEr Lan S R aITLE S SERIBVIFD Shaliess Mokt EprR s karesmaing
pefinisgive kﬁﬁestréwﬁtsQﬁﬂﬁgﬁi%lh@ﬁi%@ﬁhh@&aﬁb@d@mem fiwipendasicaigcpiltar), Aedes aegv, pti

(mosquito), S albop ctus (magsquito hlla aster fi-uif and 25Bombyx mori have
been |dentn{;A g& varlety%f) wrgini)t? 2&)?{%}’? %E?&ﬁ a fﬁf”cﬂﬂ}r VAl hg%%éeb o PP riant of
Autog raphmd&lﬁnmmmmglmmﬁeﬂmeﬁammcﬁ ﬁenbhxyimg@peblmﬁyand)ﬁmhnu&u&eslmm be used
as the VII‘US ﬁ( @ﬁ?}r |Hgato Qﬁ%&;”};gﬁzc f aglrc Iast(r)y%or transfec% 1({)}%2 0de EX §g|perda

cells. [0196 tures of cotto corn, potat e%m peotunl
30(Lemnacetsy, &atfa Ko fernddhatiia)s anthobEiscoTeeiTal S ibitet ri!aedeawmsaf%edmg:d VS

Patent gdosbﬁé%%i@%%ﬂl@&ﬂlg A8 Ehd20 it Bndult B8R0k & é&rﬁb‘}ggn@lgsg iR '@gresencc of

PLANTIBODIESTm technolo?y for producing antibodies in transgenic plants). [0197]Vertebrate cells
may be uset A HYEREIAHET a&ag%@darﬁw%ﬂ%}aﬂéqféhé hiseatidicealssule eumifsy Fersifetibme a

routine procegise s Epsampie Tk usplsddnanamalisn e sy 83 eelllivesaremankRy.kidney CV1 line
transformed by S\V40 1% 0S:-7, ATCC CRL ]f651) 63, human embryonlc kidney line (293 or 293 cells

subchmed i%?%?f)%ti R TERe ARBALE e 105 SRR G S S &l AMBRoss B P i9Sbaby hamster
kidney cellsi(B1K) AP&GD. CCL 10); mouse sertoll cells (TM4 Mather, Biol. Reprod. 23:243-251 (1980)

); mo kf@{]ﬁn cells (CVl A(ﬂﬁ: A ano her frlc egegn %@99@& IIs 0O-76, ATCC
CRL-1587); an cerV|ca carcinéma ce ¢ caniné ney s (MDCK,
ATCC CCLB#ycbutfaiorat iviebah QQBRLCSMW@R@YQC&MQWMMduqu:@ﬁﬂgﬂ(W138 ATCC
heterodimers which are recovered from recombinant cell culture, One interface comprises at
icast a part of the Cy 3 domain of an antibody constant domain. In this method, one or more
small amino acid side chains from the interface of the first antibody molecule are replaced with
25  larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of identical or similar
size to the large side chain(s) are created on the interface of the second antibody molecule by
replacing large amino acid side chains with smaller ones (e.g. alanine or threonine). This
provides a mechanism for increasing the yield of the heterodimer over other unwanted end-
products such as homodimers.
30 [0led] Bispecific antibodies include cross-linked or "heteroconjugate” antibodies. For
example, one of the antibodies in the heteroconjugate can be coupled to avidin, the other to
biotin. Such antibodies have, for example, been proposed to target immune system cells to
unwanted cells (U.S. Pat. No. 4,676,980), and for treatment of HIV infection (WO 91/00360,
WO 92/200373, and EP 03089). Heteroconjugate antibodies may be made using any



CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC
CCL51); TRI cells (Mather et at, Annals NY. Acad. Sci. 383:44-68 (1982)); MRC 5 cells; FS4 cells; and
a human hepatoma line (Hep G2). Other useful mammalian host cell lines 10 include Chinese hamster
ovary (CHO) cells, including DHFR- CHO cells (Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216

(1980)); andgmveirmaeeiliines sutimadNRR:8ndRR/hihar A taMaw ot aersitmammaliangost cell

lines suitable for antibody production, see e&l, Yazaki and Wu, Methods in Molecular Biology, Vol.
248 (B.K.CHHEO i hry Pred Tetdhd Nalossoafh g s g ras b1 iHEe NS are
tral?sfogrjeq{w'ttla]ﬂ:_e abloyaz-mﬁqﬁékb%gl @ﬁl@f@wr 'd s@éﬁl@mﬂg_utﬁﬁf@rﬁ&?r@ﬂﬁb@ﬁﬁ%@eﬂ@ti%ﬁﬁnd
cultured in conventional nutrient media modified as appropriate for inducing promoters, selecting
transformar?l%?é? %‘ﬁ% | n%eég t’ﬁeé‘geeﬁﬁcé%télﬁec%g fnegx‘?ﬁg?]geéﬁ%acgi%ﬂgﬁ@é&l ?S(f%%ﬁlﬂf%%gsﬁﬁst cells
20[0199]Thehbmstat dlikarse Btonproduce anamtibtitly BT (hiL iuketiore mayobelowlwuhedin atvariety of
media Com ial ilabl ja such as Ham's F igma), Minimal Essential Medium (MEM),
(Sigma), RI%E%éﬁ%a%%}r%%@g%%q@u%&%%% E%(Sﬁﬁtgd% %%%%k%%‘éﬁm%ﬁﬂ%%&?%ﬁsgﬁﬁ%) are suitable
for culturingtectrbst delkyernadditibn dathie béarre nreviz godcndidniarbdans &t dubNietviging. 58:44

(1979), Barpgsigt ahAnal-Biagbenti102:23R 4aEIBMalbr- ﬁ%tf:%%ﬁgjx& -5@%'51%@%@%
4,927,762; 4,560,655; or 5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be

used as culbGREsHEdIS tBiepBoRsREesns TRy Bririsemenrohily b TR dmbntonss Heeessary with

hormortes ageiarotheroomvwih fagars,(sehas insulinEanstaninoh e pidgrmak arewth factor), salts
(such as sodium chloride, calcium, esium, and phosphate), buffers (such as HEPES),

ma
nucleotidesSERLEN 4525 Atfe 6@%‘5‘}%? %ﬂ@irﬁjﬁﬂvﬁﬁﬁﬂi@?{‘s@&@%ﬁ@ HRACEIREm drug), trace
elements (defipethasindugasiprodmpdundscusually preserbaiifinalcancantratidnsiathg micromotar
range), andeglzucoesse or an equivalent energy source. Any other necessary supplements may also be
included at appropriate concentrations that would be known to those skilled in the art. The culture
conditions, Hldlas tempdeatutrerqertsahe theilikesdiecthose mevioyshy ibed Wik ghetodpock selected

for expression, and.willbe apparent to.heordinatly ski L%@*ﬁ%@ma{gb? EHJ?%?QP&] of ;};ébody

[0200]When using recombinant techniques, the antibody can be produced 5i rac;e'ﬂul rly, in the
periplasmic’éphcé! Dradifecti/ $atbtseciihe ieredtinn o thednisodpirsphimgedts mrdediularly, as a

first step, the paytichiate.delrisn eitharhasteolls orlvsed fragmenta.ale remareduiptexample, by
centrifugation or ultrafiltration. Carter et al., Rio/Technology 10:163-167 (1992) describe a procedure

for isolating 58 GRESUAI I W ENSIR-BHLY oo BrrifRshific epbkedst E. coll. Briefly, cell paste is
thawed in theiprgsence of sHdsoRih aretiex 3. bld BblkAa @bdRbenylmeiysulfermmtuoride

(PMSE) ovey, about, 30, Mifk, Gl eOlIS 6D, D Lo

it 5 emov d q¥qcenr%f g _tion.‘Whe(-:‘r%ljgh%Cg tibody is
secreted into the-medium, supernatantsfrom SU(Q,h gX FgSS 8%sy% e g%ﬁ%ﬂ&ﬁ e ﬂy t concentrated
using a comnigwiathhavaitabieproiedd congéntcationiilter, Fasekample, dn/Amieoh, or Millipore Pellicon
o Inhibi Bro S A 2o e i e e e
contaminantgkfg2o 1i¥ fetantistay ebmpasifiopnprapapditfroneehe Beitncihetatpudied using, for
homodimers were reduced at the hinge region to form monomers and then re-oxidized to form
25 the antibody heterodimers. This method can also be utilized for the production of antibody
homodimers. The "diabody" technology described by Hollinger et al., Proc. Nati. Acad. Sci.
US4, 90.6444-6448 (1993) has provided an alternative mechanism for making bispecific
antibody fragments, The fragments comprise a heavy-chain variable domain (Vg) connected to
a light-chain variable domain (V1) by a linker which is too short to allow pairing between the
30 two domains on the same chain. Accordingty, the Vi and Vi, domains of one fragment are
forced to pair with the complementary Vi and Vy domains of another fragment, thereby
forming two antigen-binding sites. Another strategy for making bispecific antibody fragments
by the use of single-chain Fv (sFv) dimers has also been reported. See Gruber et al, /.
Immunol, 152:5368 (1994),
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example, hydroxylapatite chromatography, hydrophobic interaction chromatography, gel
electrophoresis, dialysis, and affinity chromatography, with affinity chromatography being 20among
one of the typically preferred purification steps. The suitability of protein A as an affinity ligand depends
on the species and isotypc of any immunoglobulin Fe domain that is present in the antibody. Protein A

can be useghigqurify antibadiggthalRriadaass afhkbancilid doREnplheavwshals,(kindmark et al.,
J. hnmunol. Meth. 62:1-13 (1983)). Protein G is recommended for all mouse isotypes and for human

y3 (Guss ef#fPENB &b elirs 694 B Br5RYTaEY Fifé thaWBAHith B Btiblty ligand is attached is
most often agarose, but pHigsmgtribemane avitladits. Mechanically stable matrices such as controlled

pore glass y(styrenedivinyl)benzene allow far faster flow rates and shorter, processing times than
Ca be achiUEd with agk SE R AT ERe LA CH e L RS Bl B ey
ABr_mrégin erfﬁgBaim;zi?hmm@kiwg,aN@g& pelehdtidr gurificatipnisDghel wee_moiqipesmbh@mwtein
puriication &%ﬁ‘&ﬁiﬁ?&ﬂ%@%ﬁ)& %!LS‘Pa'BQ&%%?Q %%f&' Ui SianRl Rsgipikauan, Reygrse, Phase
HPLC, chromatography on silica, chromatography onheparin SEPHAROSETM chromatography on an
anion or catigfrExanbelarratsin (Boels-demapophbpartie abidnes| sy dHpematferUsiRyI8HS. PAGE,

and ammonjumgyifale, presinitation areqisgayailakle depanding prutheAntibrdhioae,pgeovered.

[0202]In general, various meth_odol%gies for preparing antibodies for use in research, tes,t]i%r;%, and
clinicalare WelRERBIRMBEIRHE SFa'tohaiRpsithriHithBcaBy v EeitRle drRtip Ab BgtBE N or as
deemeg appropriate by qrdiskilkeddayiheador a particular antibody of interest. 5D. Selecting

Biologically Active Antibodies [0203]Antibodies produced as descriped above may be.subjected to one
o move "o dHal actviy LS AR CTEy A7 A AB Wi ST LT RO ierapeut
perspectivedeihéhadtibedly amaytrersgreeh eBolosxidmaleilityniobhad thezaltigemagamdt whidin gt was

raised. For mple,.for an anti-VEGFE antib shown in the example below, the. 10antigen
g prob e S R Ay e B v ndl A T AR DR o

uated In an as etec e abi |ty to bind to
VEGF. [02G4}ihcdniatiebemisoelivddntinthedatimgtyrofeha anthbodysiey te detsanilveddprsturation

bindings ELLSAandier omRRliton ASSaYs: (6 anRIA S 8ramAle, 0RARIAISR, b apfibody may be

subjected to other biological dctivity assays, e.g., in 15order to evaluate its effectiveness as a
therapeutic 8EINH TR BIEOKHIRH IAHECARE RS HRPEHEPBR thecmfyet WHEigeMatainterided use for

the antibody. [Q2R61 19 seraaminr antinodipswhich binditashpadicilar apitepenitic.antigen of
interest (e.g., those which hlock hinding of the anti-VEGF %ntibody of the examplteflto VEGF), a routine

cross-blockiy &43a786eh HE hat castued Y RAtiis Y568 HSHP RIS R (e desired

characteristics. The amino acid alterations may be introduced m the subject antibody amino
20 acid sequence at the time that sequence is made.
(ix) Antibody Derivatives
01713 The antibodies of the invention can be further modified to contain additional
nonproteinaceous moieties that are known in the art and readily available, In certain
embodiments, the moieties suitable for derivatization of the antibody are water soluble
25 polymers. Non-limiting examples of water soluble polymers include, but are not limited to,
polyethylene glycol (PEG), copolymers of ethylene glycol/propylene glycol,
carboxymethylcellulose, dextran, polyvinyl aicohol, polyvinyl pyrrolidone, poly-1, 3-
dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer, polyaminoacids (either
homopolymers or random copolymers), and dextran or poly(n-vinyl pyrrolidone)polyethylene
30 glycol, propropylene glycol homopolymers, prolypropylene oxide/ethylene oxide co-polymers,
polyoxyethylated polyois (e.g., glycerol), polyvinyl alcohel, and mixtures thereof.
Polyethyiene glycol propionaldehyde may have advantages in manufacturing due to its
stability in water, The polymer may be of any molecular weight, and may be branched or
unbranched. The number of polymers attached to the antibody may vary, and if more than one

35 polymer are attached, they can be the same or different molecules. In general, the number
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20 Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be perfoimed. Alternatively,
epitope mapping, e.g. as described in Champe et al., J. Biol. Chem. 270:1388- 1394 (1995), can be
performed to determine whether the antibody binds an epitope of interest. E. Articles of Manufacture
[0207]In another embodiment of the invention, an article of manufacture is provided 25comprising a

container whighhelds;thr aaleouspiiarmaceutiea fernulatianefthe iavantionaqd-eatipRally provides
instructions foy its use. Suitable containers include, for example, bottles, vials and syringes. The
container ni& ﬁﬁ%@fﬁﬁff?{/ &?W B RIRPSTLH 45 T%fé]?%sr(ﬂslgﬁ@t RB%ERplary container
is a 3-20 cdsingled sehglasshiahniiteinativelyiyéoridl brulidosedarsatindetdefeeataineitoay be 3-100
cc glass via(! The container holds the 30 foonulation and the label on, or associated with, the container
may indicate directions for use. The article of manufacture may further include other materials
desirallle from a commeixcial antteises: SlesdjstinriddadingoteMiiffeds, diluents, filters, needles,

syringes, ang package i[A%ﬁﬁ‘iﬁd’i’éMQ?tc[}é‘atﬁ%”ﬁré%ééﬁ%i%%%m‘?ﬂQﬁ‘iﬂ&%dﬁ’.i"F%%%&%Eﬁbﬁﬂg%{t _—
understood by réference to the following examples. They Should not, however, be construed as limiting

the scope o KEGhveAfieh 2 isestireBbR pateletittie sacarbng St porkasty Harslatey aederence.
[0209]The spesification i@ﬁ%ﬁi@%@%@o@%ﬁﬂ%@&ﬁﬁg enghie.one:skilgd INRe @rido Spractice the

invention. Various modifications of the invention in addition to those shown and described herein will

become apFFEHTRY 1S SRRsNR e BiPAdHIHE oredoin & latd o aa i titsin the scope of
the appendeshetativsaAllqublieations, paisntsoanshpatert applications:eiteg hgeainangihereby
incorporated by reference in their entirety for all ses..10 EXAMPLES [0210]It is understood that
the examplé%eééﬁag%?o%ﬁlﬁﬁéﬁ% g‘%%l%%@ﬁ@@ﬁé%?gﬁm}ﬁﬁ ?é‘?i%%ﬁ Eis@a%ﬁﬁf%{cﬂﬁ fhat various
modificatiorsadeiclearige s ttlig hbtiereafygtnee By gudstedbto persarisskidad, ionther arband dre to be
included within the spirit an rview of 1athis lication and scope of the appended claims. Example
T stable At L A R R A ot anc
stability testlsgoitstabiETeicEicr rutatonsiep ieprsipdeantidv@GF antibody at protein concentrations in
the range from about 20 mg/mL-200 mg/mL in various liquid formulations comprising comprising

histidimg, 20arginine, acetate, of.3Seiua ghleride c&ngneililiter of each foimutation in a 3cc glass vials
was stored at 40C and the stability was assessed at 1, 2, and 4 weeks. The stability of antiVEGF was

monitored B 'deVeral addaihady @figUuw ersioedpee htrBtsi e d etk petontiudinstly.
chromatographys6SEC Qe sEayREaN analysiscinagsad parilamdsogiaetic feausing UsiER) for

charge variant analysis, CE-SDS for sjze distribution and binding assa%ZSfor activity. After four weeks

of stability tSHSBCOU YOSTRE RIS tREPaARIE BECIS R 8ltc at the N-torminus of the mature

protein or polypeptide. The heterologous signal sequence selected preferably is one that is

20 recognized and processed {e.g., cleaved by a signal peptidase) by the host cell. For prokaryotic
host cells that do not recognize and process a native antibody signal sequence, the signal
sequence is substituted by a prokaryotic signal sequence selected, for example, from the group
of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin 11 leaders. For yeast
secretion the native signal sequence may be substituied by, e.g., the yeast invertase leader, o

25 factor leader (including Saccharomyces and Kiuyveromyces o-factor leaders), or acid
phosphatase leader, the C. albicans glucoamylase leader, or the signal described in WO
90/13646. In mammalian cell expression, mammalian signal sequences as well ag viral

secretory leaders, for example, the herpes simplex gD signal, are available,

{b) Origin of replication

30 [0174] Both expression and cloning vectors contain a nucleic acid sequence that
enables the vector to replicate in one or more sclected host cells. Generally, in cloning vectors
this sequence is one that enables the vector to replicate independently of the host chromosomal

DNA, and includes origins of replication or autonomously replicating sequences. Such
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in 200 mM Arginine Acetate, 150 mM Sodium Chloride, 0.04% PS20, pH 5.2. [0212]The stability (e.g.,
aggregate formation, viscosity, etc.) of anti-VEGF was investigated in various liquid foilulations
comprising histidine, sodium chloride, arginine, and acetate. The stability of anti-VEGF was monitored
by several assays including, size exclusion 30chromatography (SEC) for aggregate formation analysis.

Our results Jndicates thatantikN&GHds slableatAhRut-RH 2.2 In,Rr9IRING: COptaiping Hffers.
[0213]Anti-VEGF was formulated into different buffers by dlain|s using Slide-a- Lyzert cassettes to

achieve the" %GR LR Htfoneshaid AR Fabie st eble fPfoneRlIGHERA- IR Ee ARS KR@rdef it 0.22um
Steriflipg filtgnmidtsoaps asepticalliofiledsiniapuaelaved vialsin Stonpered yanch serlesisamples were

placed at 2- , 2R'6-and 40C and stability studies were conducted at select temperatures Table 1:
FormulationtoSF2 VA AET 1 Loy BHES AT TSOTAF A 508 D DA S, pH 6.2
B200 niM ArginiagoAcetatenth 04 %oPhb2@ep Fbbri2aGRA Ve Sodision Acatate 2A0vnb/bigieross, 0.04%

PS20, pH 5.2 D2 rE%\/IAﬂ tidine Chloride, 200 Arginine CFI ride, 0.04% PS20, pH 5.2 10
METHODS §°14(§Vp Y. cﬁ%)d]t)lzL vo ﬁ?ﬁﬁg %tglc %a?r%%% Wé’é“‘ﬁ g%éd in a 1.5m1Eppendorf tubes at an

ambient temperature and their pH was measured using Theimo Orion pH meter equipped with a
Ross(r) semi-micro electrode. TH&AFFHElt R IBIed using Theimo Orion buffer 15standards pH

4.0, 5.0 ang;-2:0215]\ Ity S | ' - ing onk sica
MCR300 rﬁg:%r%gter Wit?l@g(ﬁngQS %r%ﬁrﬁ ‘(J:g(l)%r?%ﬁ (Cﬁgjﬂgﬁﬁ%ﬁ%ﬁgﬁyﬂé@(ﬁpﬁgﬁ .‘ﬂ?Sg ?%Qe)%ch sample

was loadedseisesehl parisen| dte vebsie el pRISS GReadE P IMGEY Jutt (OcentteFsibanes donstant shear

rate of 00Qdi$biatics or other toxins, e. g., ampicillin, neomycin, methotrexate, or tetracycline, (b)
complement auxotrophic deficiencies, or (¢) supply critical nutrients not available from
compiex media, e.g., the genc encoding D-alanine racemase for Bacilli.

[0176] One example of a selection scheme utilizes a drug fo arrest growth of a host
cell. Those cells that are successfully transformed with a heterologous gene produce a protein

15 conferring drug resistance and thus survive the selection regimen. Examples of such dominant
setection use the drugs neomycin, mycophenolic acid and hygromyein.

[6177] Another example of suitabic selectable markers for mammalian cells are those
that enable the identification of cells competent to take up antibody-encoding nucleic acid,
such as DHFR, glutamine synthetase (GS), thymidine kinase, metaliothionein-1 and -Ii,

20 preferably primate metallothionein genes, adenosine deaminase, ornithine decarboxylase, efc.
[0178] For example, cells transformed with the DHFR gene are identified by culturing
the transformants in a culture medium containing methotrexate (Mtx), a competitive antagonist
of DHFR. Under these conditions, the DHFR gene is amplified along with any other co-
transformed nucleic acid. A Chinese hamster ovary {CHO) cell line deficient in endogenous

25  DHFR activity (¢.g., ATCC CRIL-9096) may bc used.

[0179] Alternatively, cells transformed with the GS gene are identified by culturing the
transformants in a culture medium containing L-methionine sulfoximine (Msx), an inhibitor of
GS. Under these conditions, the GS gene is amplified along with any other co-transformed
nucleic acid. The GS selection/amplification system may be used in combination with the

30 DHFR selection/amplification system described above.

[0180] Alternatively, host cells (particularly wild-type hosts that contain endogenous
DHEFR) transformed or co-transformed with DNA sequences encoding an antibody of interest,
wild-type DHFR gene, and another selectable marker such as aminogiycoside 3'-

phosphotransferase (APH) can be selected by cell growth in medium containing a selection
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20 [0216]Size Exclusion Exchange Chromatography (SEC): Size exclusion chromatography was
performed to quantitate total aggregate levels (with neat injections) and slow-dissociating aggregate
levels (with dilute injections). Dilute injections were diluted with mobile phase buffer (0.20M potassium
phosphate, 0.25M potassium chloride, pH 6.2) to 0.5 mg/mL All samples were incubated at 30C for 24

hours prior tg-analysis. LR4:efieachineat dbsamnlaiand a0t ahasphdilute samplewere injected
onto a TSK G3000SWXL, 7.8 X 300mm column (TOSOHAAS, part no. 08541) using an Agilent 1100

HPLC systéi?ﬁrif%naﬂf&%%pm%f@bﬁ%&bé%ﬁil@?he column was kept at ambient temperature.
Flow rate wid 915 mL/min asichboiatianidime pefosampieyarsistheviputgsndatases anajyzad with
sample absgrban t nm using HP Chemstatio 7llon Exchange Chromatography IIEC).
o exchand S A L SRt M tore Dhad R VARt T CAT e tace &
(CpB)-digestedksafopiesuBanpies oferesdilutedgoht shiimkowithwSelueptoph(R0 fMxix(@ldcetamido)-2-

aminoethanggiifoRig 2&%9]6%?@@4%%!fff?fn&ﬁc§e@ﬁé£e§§%ﬁﬁ“fﬂ.l%%’%s%ﬂgéﬁcﬂ%h%ﬂ% ﬁ“géﬁ%agp& and

incubated for 20 minutes at 37C. 504 o each_sampfe was then injected onto a Dionex Pro
WCX-10, 48 %25athbrstshlinsangsiadhan mgilaiss 21 089apicCrsymamenAlvodaispies temperature was

kept at 2-8%&@%@%@@%%%%&% oftewtievas QiR mL IR Whis 410a.a gradient of

Solvent A and Solvent mM sodium chloride in Solvent A) over 90 minutes, as listed in the test

procedure. Ba WAL G P8P IR ARTBRICE SHSE ipakana D atih RrsgeHie Erensstation.

[0218]1TurbimMZi]ssay:Tqma&ﬂtmlw@dﬂwim@@m @lﬁemsme}{ aa&haﬁolsmgml ! '%mafamglﬁw@d at 350
nm using an Agilent 8453 UV-V|S spectrophotmeter. All samples were analyzed without dilution using
21 om pattEH G UL Bl SO EE Tt P58 T BTN SR U HOR s A.D
are asepticatlyld fréiledimtof3ttoinbiainiesy steetominiweansptrzdibiminican). Winskmpleg.are stored at
-20C for varying.amounts of ti . &4, A8, 72, or more hours; 4, 5, 6, 7, or more days. 2, 3, 4, 5, 6,
78, or mort Gy 8 ESREE: Sinfn A S S G S DS o
more monthssambelzom tinoensirearibladinbeptidatiyidlntfems dddinarfiiow toddytrebd ditgon,
formulggiong:AqR.age filed JP&Q,%’%@%){J&QF Q@@s%%e(q @]‘-)_ZOC. Each vial is subjected to 15five

freeze thaw cycles and analyzed using SEC; [EC and turbidity assays. The freeze-thaw cycle entails
storage for at least 24 hours at %}(\)}g followed by storage for at least 24 hours at 5C. RESULTS AND
DISCUSSION [0220]This study fhVeSRAEEE (e Hility (e.g., aggregate formation, viscosity,

20chemicalrgtabifity etc.)mhdiffgrgnheensentratians of antinyEGRiR @&@%@mﬁ%ﬁa@&g@g&aﬂon-
SEC and IEC were used tg monitor stability of anti-VEGF at stressed and accelerated storage

conditions. AyGrelli GReANa EEbSifPEIE HHirtiear e e antinearureibaditt i Pale 2 below
and illustratggd:iniEigkies ianskdiketPiabiess; poxRISAPIaReriesfdorpullionssisdied cormulatio
[Protelzr(l}] (m;?r/(gpx{%ter systems, alkaline phosphatase promoter, a frypiophan (trp) promoter system, and
hybrid promoters such as the tac promoter. However, other known bacterial promoters are
suitable. Promoters for use in bacterial systems also will contain a Shine-Dalgarno (S.D.)
sequence operably linked to the DNA encoding an antibody.
[0184] Promoter sequences are known for eukaryotes, Virtually all eukaryotic genes
25  have an AT-rich region located approxumately 25 to 30 bases upstream from the site where
transcription 1s initiated. Another sequence found 70 to 80 bases upstream from the start of
transcription of many genes 18 a CNCAAT region where N may be any nucicotide. At the 3'
end of most eukaryotic genes is an AATAAA sequence that may be the signal for addition of
the poly A tail to the 3' end of the coding sequence. All of these sequences are suitably
30 inserted into eukaryotic expression vectors.
[0185] Examples of suitable promoter sequences for use with yeast hosts include the
promoters for 3-phosphoglycerate kinase or other glycolytic enzymes, such as enolase,

glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phospho-
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fructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase,
triosephosphate isomerase, phosphoglucose isomerase, and glucokinase,

[0186] Other yeast promoters, which are inducible promoters having the additional
advantage of transcription controlled by growth conditions, are the promoter regions for
alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated
with nitrogen metabolism, metallothionein, glyceraldehyde-3-phosphate dehydrogenase, and
enzymes responsible for maltose and galactose utilization. Suitable vectors and promoters for
use in yeast expression are further described in EP 73,657. Yeast enhancers also are
advantageously used with yeast promoters.

[0187] Antibody transcription from vectors in mammalian host cells can be controlied,
for example, by promoters obtained from the genomes of viruscs such as polyoma virus,
fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilloma virus, avian sarcoma
virus, cytomegalovirus, a retrovirus, hepatitis-B virus, Simian Virus 40 (SV40), or from
heterologous mammalian promoters, e.g., the actin promoter or an immunoglobulin promoter,
from heat-shock promoters, provided such promoters are compatible with the host cell systems.
[0188] The early and late promoters of the SV40 virus are conveniently obtained as an
SV40 restriction fragment that also contains the SV40 viral origin of replication. The
immediate carly promoter of the human cytomegalovirus is conveniently obtained as a Hindlll
E restriction fragment. A system for expressing DNA in mammalian hosts using the bovine
papilloma virus as a vector s disclosed in U.S. Patent No. 4,419,446, A modification of this
system is described in U.S. Patent No. 4,601,978, Sec also Reyes et al., Nature 297:598-601
(1982) on expression of human B-interferon cDNA in mouse cells under the control of a
thymidine kinase promoter from herpes simplex virus. Alternatively, the Rous Sarcoma Virus

long terminal repeat can be used as the promoter.

(e} Enhancer element component

[0189] Transcription of a DNA encoding an antibody of this invention by higher
eukaryotes 18 often increased by inserting an erhancer sequence into the vector. Many
enhancer sequences are now known from mammalian genes (globin, elastase, albumin, o-
fetoprotein, and insulin). Typically, however, one will use an enhancer from a cukaryotic cell
virus. Examples include the SV40 enhancer on the late side of the replication origin (bp 100-
270), the cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of
the replication origin, and adenovirus enhancers. See also Yaniv, Nature 297:17-18 (1982) on

enhancing elements for activation of eukaryotic promoters. The enhancer may be spliced into
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the vector at a position 5' or 3' to the antibody-encoding sequence, but is preferably located at a

site 5' from the promoter.

(f} Transcription termination component

[0190] Expression vectors used i eukaryotic host cells (yeast, fungi, insect, plant,
animal, human, or nucleated cells from other multicellular organisms) will also contain
sequences necessary for the termination of transcription and for stabilizing the mRNA. Such
sequences are commonly available from the 5" and, occasionally 3', untranslated regions of
eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide segments transcribed as
polyadenylated fragments i the untranslated portion of the mRNA encoding antibody. One
useful transcription termination component is the bovine growth hormone polyadenylation

region. See W094/11026 and the expression vector disclosed therein.

(g) Selection and transformation of host cells

[0191] Suitable host cells for cloning or expressing the DNA in the vectors herein are
the prokaryote, yeast, or higher eukaryote cells described above. Suitable prokaryotes for this
purpose inciude eubacteria, such as. Gram-negative or Gram-positive organisms, for example,
Enterobacteriaceze such as Escherichia, e.g., E. coli, Enterobacier, Erwinia, Klebsiella,
Proteus, Salmonella, e.g., Salmonella typhimurium, Serratia, e.g., Serratia marcescans, and
Shigella, as well as Bacilli such as B. subtilis and B. licheniformis (e.g., B. licheniformis 41P
disclosed m DD 266,710 published 12 April 1989), Pseudomonas such as P. aeruginosa, and
Streptomyces. One preferred E. coli cloning host is E. coli 294 (ATCC 31,446), although other
strains such as . coli B, £. cofi X1776 (ATCC 31,537), and E. coli W3110 (ATCC 27,325)
are suitable. These examples are illustrative rather than limiting.

[0192] Full length antibody, antibody fusion proteins, and antibody fragments can be
produced in bacteria, in particular when glycosylation and Fc effector function are not needed,
such as when the therapeutic antibody is conjugated to a cytotoxic agent (e.g., a toxin) that by
itself shows effectiveness in tumor cell destruction. Full length antibodies have greater haif
life in circulation. Production in E. coli is faster and more cost efficient. For expression of
antibody fragments and polypeptides in bacteria, see, e.g., U.S. 5,648,237 (Carter ¢t. al.), U.S.
5,789,199 (Joly et al.), U.S. 5,840,523 (Simmons et al.), which describes translation initiation
region (TIR) and signal sequences for optimizing expression and secretion. See also Charlion,
Methods in Molecular Biology, Vol. 248 (B.K.C. Lo, ed., Humana Press, Totowa, NJ, 2003),
pp. 245-254, describing expression of antibody fragments in E. coli. After expression, the

antibody may be isolated from the E. coli cell paste in a soluble fraction and can be purified
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through, e.g., a protein A or G column depending on the isotype. Final purification can be
carried out similar to the process for purifying antibody expressed e.g,, in CHO cells.
[0193] In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or
yeast are suitable cloning or expression hosts for antibody-encoding vectors. Saccharomyces
5 cerevisiae, or common baker's yeast, is the most commonly used among lower eukaryotic host
microorganisms. However, a number of other genera, species, and strains are commonly
available and useful heremn, such as Schizosaccharomyces pombe; Kluyveromyces hosts such
as, e.g., K. lactis, K. fragilis (ATCC 12,424), K. bulgaricus (ATCC 16,045), K. wickeramii
(ATCC 24,178}, K. waltii (ATCC 56,500), K. drosophilarum (ATCC 36,906), K .

10 thermotolerans, and K. marxianus; yarrowia (EP 402.226); Pichia pastoris (EP 183,070);
Candida; Trichoderma reesia (EP 244,234); Neurospora crassa, Schwanniomyces such as
Schwanniomyces occidentalis, and filamentous fungi such as, e.g., Neurospora, Penicillium,
Tolypocladium, and Aspergillus hosts such as 4. nidulans and A. niger. For a review
discussing the use of yeasts and filamentous fungi for the production of therapeutic proteins,

15 see, e.g., Gerngross, Nat. Biotech. 22:1409-1414 (2004).

[0194] Certain fungi and yeast strains may be selected in which glycosylation pathways
have been “humanized,” resulting in the production of an antibody with a partially or fully
human glycosylation pattern. See, e.g., Li et al., Nat. Biotech. 24:210-215 (2006) (describing
humanization of the glycosylation pathway in Pichia pastoris); and Gerngross et al., supra.

20 [0195] Suitable host cells for the expression of glycosylated antibody are also derived
from multicellular organisms (invertebrates and vertebrates). Examples of invertebrate cells
include plant and insect cells. Numerous baculoviral strains and variants and corresponding
permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar), A edes
aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitfly), and

25 Bombyx mori have been identified. A variety of viral strains for transfection are publicly
available, e.g., the L-1 variant of dutographa californica NPV and the Bm-3 strain of Bombyx
mori NPV, and such viruses may be used as the virus herein according to the invention,
particularly for transfection of Spodoptera frugiperda cells,

[0196] Plant cell cultures of cotton, cormn, potato, soybean, petunia, tomato, duckweed

30 (Lemnaceae), aifalfa (A, ri‘uncaiufa), and tobacco can also be utilized as hosts. See, e.g., US
Patent Nos. 5,959,177, 6,040,498, 6,420,548, 7,125,978, and 6,417,429 (describing
PLANTIBODIES™ technology for producing antibodies in transgenic plants).

[0197] Vertebrate cells may be used as hosts, and propagation of vertebrate cells in
culture (tissue culture) has become a routine procedure. Examples of usefu! mammalian host

35 cell lines are monkey kidney CV1 line transformed by SV40 (COS-7, ATCC CRL 1651),
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human embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture,
Graham et al., J. Gen Virol. 36:59 (1977)) ; baby hamster kidney cells (BHK, ATCC CCL 10);
mouse sertoli cells (TM4, Mather, Biol. Reprod. 23:243-251 (1980) ), monkey kidney cells
(CVI ATCC CCL 70); African green monkey kidney cells (VERO-76, ATCC CRL-1587);
human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney cells (MDCK, ATCC
CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); humnan lung cells (W138, ATCC
CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562,
ATCC CCL51); TRI cells (Mather et al., Annals N.Y. Acad. Sci. 383:44-68 (1982));, MRC 5
cells; FS4 cells; and a human hepatoma line (Hep G2). Other useful mammalian host cell fines
include Chinese hamster ovary (CHO) cells, including DHFR™ CHO cells (Urlaub er af., Proc.
Natl. Acad. Sci. US4 77:4216 (1980})); and myeloma cell lines such as NSO and Sp2/0. Fora
review of certain mammalian host cell lines suitable for antibody production, see, e.g., Yazaki
and Wu, Methods in Molecular Biology, Vol. 248 (B.K.C. Lo, ed., Humana Press, Totowa, NJ,
2003), pp. 255-268.

[0198] Host cells are transformed with the above-described expression or cloning
vectors for antibody production and cultured in conventional nutrient media modified as
appropriate for inducing promoters, selecting transformants, or amplifying the genes encoding

the desired sequences.

(h) Culturing the host cells

[0199] The host cells used to produce an antibody of this invention may be cultured in
a variety of media. Commercially available media such as Ham's F10 (Sigma), Minimal
Essential Medium ((MEM), (Sigma), RPMI-1640 (Sigma), and Dulbecco's Modified Eagle's
Medium ((DMEM), Sigma) are suitable for culturing the host celis. In addition, any of the
media described in Ham ez al., Meth. Enz. 58:44 (1979), Bamnes et al.l, Anal, Biochem.102:255
(1980), U.S. Pat. Nos. 4,767,704; 4,657,866, 4,927,762, 4,560,655 or 5,122,469, WO
90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culture media for the host
cells. Any of these media may be supplemented as necessary with hormones and/or other
growth factors (such as insulin, transferrin, or epidermal growth factor), salts (such as sodium
chloride, calcium, magnesium, and phosphate), buffers (such as HEPES), nucleotides (such as
adenosine and thymidine), antibiotics (such as GENTAMYCIN™ drug), trace elements
(defined as inorganic compounds usually present at final concentrations in the micromolar
range), and glucose or an equivalent energy source. Any other necessary supplements may

also be included at appropriate concentrations that would be known to those skilled in the art.
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D 175 N/D 17.7 [0221]Agoregation of all Formulations at 40C: The amount of total aggregate and
dimer formed in each anti-VEGF formulation after storage for 0, 1, 2, and 4 weeks at 40C was
measured and is set forth in Tables 3, 4, and 5 below and illustrated in Figures 1 and 3. Table 3: Total
aggregate after storage at 40C Sample %Total Aggregate 4 weeks A 10.3B5C 7.1 D 10.8 Table 4:

Total aggregpteafigr §8ﬂ@ﬂ&1§,t541@ﬁ:a§@éﬂ9@ature, pH, and the like, are those previously used with

the host cell selected for expression, and will be apparent to the ordinarily skilled artisan.

(x1) Purification of antibody

102007} When using recombinant techniques, the antibody can be produced
5 intraceliularly, in the periplasmic space, or directly secreted into the medium. If the antibody is

produced intracellularly, as a first step, the particulate debris, either host cells or Iysed
fragments, are removed, for example, by centrifugation or ultrafiltration. Carter ef al.,
Bio/Technology 10:163-167 (1992) describe a procedure for isolating antibodies which are
secreted to the periplasmic space of E. coli. Briefly, cell paste is thawed in the presence of

10 sodium acetate (pH 3.5), EDTA, and phenyimethylisulfonyifluoride (PMSF) over about 30 min.
Cell debris can be removed by centrifugation. Where the antibody is secreted into the medium,
supernatants from such expression systems are generally first concentrated using a
commercially available protein concentration filter, for example, an Amicon or Millipore
Peliicon ultrafiltration unit. A protease inhibitor such as PMSF may be included in any of the

15 foregoing steps to inhibit proteolysis and antibiotics may be included to prevent the growth of
adventitious contaminants.
[0201] The antibody composition prepared from the cells can be purified using, for
example, hydroxylapatite chromatography, hydrophobic interaction chromatography, gel
electrophoresis, dialysis, and affinity chromatography, with affinity chromatography being

20  among bne of the typically preferred purification steps. The suitability of protein A as an
affinity ligand depends on the species and isotype of any immunoglobulin F¢ domain that is
present in the antibody. Protein A can be used to purify aniibodies that are based on human v1,
v2, or v4 heavy chains (Lindmark et al., J. Immunol. Meth. 62:1-13 (1983)). Protein G is
recommended for all mouse isotypes and for human y3 (Guss ef al.,, EMBQO J, 5:15671575

25 (1986)). The matrix to which the affinity ligand s attached is most often agarose, but other
matrices are available. Mechanically stable matrices such as controlled pore glass or
poly(styrenedivinyl)benzene allow for faster flow rates and shorter processing times than can
be achieved with agarose. Where the antibody comprises a Cy3 domain, the Bakerbond
ABX™ryesin (J. T. Baker, Phillipsburg, NJ) is useful for purification. Other techniques for

30 protein purification such as fractionation on an ion-exchange column, ethanol precipitation,
Reverse Phase HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™
chromatography on an anion or cation exchange resin (such as a polyaspartic acid column),
chromatofocusing, SDS-PAGE, and ammonium sulfate precipitation are also available
depending on the antibody to be recovered.
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% Total Aggregate 0 weeks % Total Aggregate 1 week % Total Aggregate 2 weeks % Total Aggregate
4weeks 6.18.113.1B394.75.3 C5.46.8

[0202] In general, various methodologies for preparing antibodics for use in research,
testing, and clinicalare weli-established in the art, consistent with the above-described
methodologies and/or as deemed appropriate by one skilled in the art for a particular antibody
of interest,
5 D. Selecting Biologically Active Antibodies

[0203] Antibodies produced as described above may be subjected to one or more
"biological activity" assays to select an antibody with beneficial properties from a therapeutic
perspective. The antibody may be screened for its ability to bind the antigen against which it
was raised. For example, for an anti-VEGF antibody, as shown in the example below, the

10 antigen binding properties of the antibody can be evaluated in an assay that detects the ability
to bind to VEGF,
[0204] In another embodiment, the affinity of the antibody may be determined by
saturation binding; ELISA,; and/or competition assays (e.g. RIA's), for example.
[0205] Also, the antibody may be subjected to other biological activity assays, e.g., in

I5  order to evaluate its effectiveness as a therapeutic. Such assays are known in the art and
depend on the target antigen and intended use for the antibody.
[0206] To screen for antibodies which bind to a particular epitope on the antigen of
nterest (e.g., those which block binding of the anti-VEGF antibody of the example to VEGF),
a routine cross-blocking assay such as that described in Antibodies, A Laboratory Manual,

20 Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988), can be performed.
Alternatively, epitope mapping, e.g. as described in Champe et al., J. Biol. Chem. 270:13%88-
1394 (1995), can be performed to determine whether the antibody binds an epitope of intercst.
E. Articles of Manufacture
(02677 In another embodiment of the invention, an article of manufacture is provided

25 comprising a container which holds the aqueous pharmaceutical formulation of the invention
and optionally provides instructions for its use. Suitable containers include, for example,
bottles, vials and syringes. The container may be formed from a variety of materials such as
glass or plastic. An exemplary container is a 3-20 cc single use glass vial. Alternatively, for a
multidose formulation, the container may be 3-100 cc glass vial. The container holds the

30 formulation and the label on, or associated with, the container may indicate directions for use.
The article of manufacture may further inciude other materials desirable from a commercial
and user standpoint, including other buffers, diluents, filters, needles, syringes, and package

inserts with instructions for use.
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[0208] The invention will be more fully understood by reference to the following
examples. They should not, however, be construed as limiting the scope of the invention. All
literature and patent citations are incorporated herein by reference.

[0209] The specification is considered to be sufficient to enable one skilled in the art to
practice the invention. Various modifications of the invention in addition to those shown and
described herein will become apparent to those skilled in the art from the foregoing description
and fall within the scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference in their entirety for all purposes.

EXAMPLES
[0210] It is understood that the examples and embodiments described herein are for
illustrative purposes only and fhat various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirtt and purview of
this application and scope of the appended claims.
Example 1: Stable anti-VEGF antibody Liquid Fermulations
[0211] This examples describe the development and stability testing of stable liquid
formulations comprising anti-VEGF antibody at protein concentrations in the range from about
20 mg/mL-200 mg/mL 1n various hquid formulations comprising comprising histidine,
arginine, acetate, or sodium chlornide. One milliliter of each formulation in a 3cc glass vials
was stored at 40°C and the stability was assessed at 1, 2, and 4 weeks. The stability of anti-
VEGF was monitored by several assays including UV (for concentration and turbidity), size
exclusion chromatography (SEC) for size variant analysis, imaged capillary 1soelectric
focusing (icIEF) for charge variant analysis, CE-SDS for size distribution and binding assay
for activity. After four weeks of stability testing, our results indicate that anti-VEGF is stable
in 200 mM Arginine Acetate, 150 mM Sodium Chloride, 0.04% PS20, pH 5.2
[0212] The stability (e.g., aggregate formation, viscosity, etc.) of anti-VEGF was
investigated in various liquid formulations comprising histidine, sodium chloride, arginine, and
acetate. The stability of anti-VEGF was monitored by several assays including, size exciusion
chromatography (SEC) for aggregate formation-analysis. Our results indicate that anti-VEGF is
stable at about pH 5.2 in arginine-containing buffers.
[02131 Anti-VEGF was formulated into different buffers by dialysis using Slide-a-
Lyzer® casscties to achieve the final concentrations listed in Table 1. Each formulation was

sterile filtered with 0.221um Steriflip® filter units and aseptically filled into autoclaved vials,
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333944 C476.074 2.84.26.7 Aggregation of Formulations at 25C: The amount of total
aggregate and dimer formed in each anti-VEGF formulation (100 mg/m1) after storage for 0, 2, 4, and
8 weeks at 25C was 5measured and is set forth in Table 6 below. Table 6: Total aggregate after
storage at 25C Formulation %Total Aggregate 0 weeks %Total Aggregate

stoppered, and sealed. Samples were placed at 2-8'C, 25°C, and 40'C and stability studies were

conducted at select temperatures.

Table 1. Formulations

5  Formulation
A 51 mM sodium phosphate, 159 mM Trehalose, 0.04% PS20, pH 6.2
B 200 mM Arginine Acetate, 0.04% PS20, pH 5.2
C 20 mM Sodium Acetate, 240 mM Sucrose, 0.04% PS20, pH 5.2
D 20 mM Histidine Chloride, 200 mM Arginine Chloride, 0.04% PS20, pH 5.2

10

METHODS
[0214] pH: A 200 uL volume of each sample was placed in a 1.5m] Eppendorf tubes at
an ambient temperature and their pH was measured using Thermo Orion pH meter equipped
with a Ross® semi-micro electrode. The pH meter was calibrated using Thermo Orion buffer

15 standards pH 4.0, 5.0 and 7.0.

[0215] Viscosity: Shear viscosity was measured using an Anton Paar Physica MCR300
rheometer with a 25 mm cone (CP 25-1) set at a height of 0.049 mm. 75 uL of each sample
was loaded onto a Peltier plate at 25°C and measured 10 times per 100s interval at a constant

shear rate of 1000 1/s.

20 {0216] Size Exclusion Exchange Chromatography (SEC). Size exclusion
chromatography was performed to quantitate total aggregate levels (with neat injections) and
slow-dissociating aggregate levels (with dilute injections). Dilute injections were diluted with
mobile phase buffer (0.20M potassium phosphate, 0.25M potassium chloride, pH 6.2) to 0.5
mg/mL. All samples were incubated at 30°C for 24 hours prior to analysis. 10uL of each neat

25 sample and 100pL of each dilute sample were injected onto a TSK G3000SWXL, 7.8 X
300mm column (TOSOHAAS, part no. 08541) using an Agilent 1100 HPLC system. The
autosampler was kept at 30°C while the column was kept at ambient temperature. Flow rate
was 0.5 mL/min and total run time per sample was 30 minutes. Data was analyzed with sample
absorbance at 280 nm using HP Chemstation.

30 [0217] lon Exchange Chromatography (IEC): lon exchange chromatography was
performed to quantitate charged variants in carboxypeptidase B (CpB)-digested samples.
Samples were diluted to 1 mg/mL with Solvent A (20 mM N~2-Acetamido)-2-
aminoethanesulfonic acid (ACES) buffer, pH 6.5), treated with a 1% w/w addition of I mg/mL
CpB, and mcubated for 20 minutes at 37°C. 50uL of each sample was then injected onto a
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2 weeks %Total Aggregate 4 weeks %Total Aggregate 8 weeks B 3.94.64.33.4C5.46.66.64.8D
3.415.16.46.1

Dionex ProPac WCX-10, 4.6 X 250 mm column using an Agilent 1100 HPLC system.
Autosampler temperature was kept at 2-8°C while the column was kept at 40°C. Flow rate was
0.5 mL/min while using a gradient of Solvent A and Solvent B {200 mM sodium chloride in
Solvent A) over 90 minutes, as listed in the test procedure. Data was analyzed with sample
5  absorbance at 280 nm using HP Chemstation,

[0218] Turbidity Assay: To monitor turbidity the optical density of cach
formulation was measured at 350 nm using an Agilent 8453 UV-VIS spectrophotmeter, All
samples were analyzed without dilution using a 1 cm pathlength quartz cuvette.
[0219] -20°C and Freeze Thaw Stability Studies: Formulations A-D arc aseptically

10 filled into 316 L stainless steel mini-cans (15 mL/minican). All samples are stored at -20°C for
varying amounts of time (e.g., 24, 48, 72, or more hours; 4, 5, 6, 7, or more days; 2, 3, 4, 5, 6,
7.8, or more weeks; 3,4, 5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
or more months, and continuously sampled aseptically under a laminar flow hood. In addition,
formulations A-D are filled into 6 cc glass vials and stored at -20°C. Each vial is subjected to

15 five freeze thaw cycles and analyzed using SEC, IEC and turbidity assays. The freeze-thaw

cycle entails storage for at least 24 hours at -20°C followed by storage for at lcast 24 hours at

5°C.
RESULTS AND DISCUSSION
[0220] This study investigated the stability (e.g., aggregate formation, viscosity,

20 chemical stability ete.) of different concentrations of anti-VEGF in an arginine-based
formulation. SEC and IEC were used to monitor stability of anti-VEGF at stressed and
accoelerated storage conditions. Aggregation and viscosity of the anti-VEGF was measured and

set forth in Table 2 below and illustrated in Figures 2 and 4.

25 Table 2: physical properties of formulations studied
Formulation | {Protein] (mg/ml) | %Total Aggregate | Viscosity (¢cP)
A 25 7
A 30 g
A 100 10
A 150 13
B 20 N/D 13
B 50 2.6 19
B 100 3.8 4.2
B 110 N/D 47
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10 Aggregation of Fortnulations at 2-8 C: The amount of aggregate and dimer formed in each
anti-VEGF formulation (100 mg/nil) after storage for 0 and 4 weeks at 2-8C was measured and is set
forth in Table 7 below. 15Table 7: Total aggregate and dhner after storage at 2-8DC Formulation
%Total Aggregate 0 weeks %Total Aggregate 4 weeks % Dimer 0 weeks % Dimer 4 weeks B 3.9 3.8

3.33.2C545747 ¢ 125 N/D 6.1
B 150 N/D 9.5
C 20 N/D 1.6
C 50 3 2.3
C 100 53 5.7
C 125 N/D 12.4
C 150 “N/D 23.5
C 175 N/D 52
D 20 N/D 1.3
D 50 2.1 1.8
D 100 3.4 4.3
D 123 N/D 6
D 150 N/D 113
D 175 N/D 17.7

[0221]

dimer formed in each anti-VEGF formulation after storage for 0, 1, 2, and 4 weeks at 40°C was

Aggregation of all Formulations at 40°C: The amount of total aggregate and

measured and is set forth in Tables 3, 4, and 5 below and illustrated in Figures 1 and 3.

Table 3: Total aggregate after storage at 40°C

Y Total
Agoregate
Sample 4 weeks
A 10.3

5

B
C 7.1
D 10.8

Table 4. Total aggregate after storage at 40°C

% Total | %Total | % Total |
Aggregate | Aggregaic | Aggregate
Sample 0 weeks 1 week 2 weeks
B 3.9 4.7 5.3
C 54 6.8 8.3
D 34 52 8.4

% Total
Aggregate
4 weeks
6.1
8.1
I3.1
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5.1 D 3.4 3.5 2.8 2.9 Agregation at various Arginine concentrations at 40C: The amount of total
aggregate founed in each anti-VEGF formulation at various arginine acetate concentrations was
measured and is set forth in Table 8 below. Table 8: Total aggregate at various Arginine acetate
concentrations Arginine Acetate Concentration (mM) %Total Aggregate 25 5.2 50 4.8 100 4.4 200

F4.2 [0222]Effect of Excipients and Ippig. Strengih pfibeseffast of different excipients on the

% Dimer | % Dimer | % Dimer | % Dimer

Sample 0 weeks 1 week 2 weeks 4 weeks
B 33 39 44 5.0
C 4.7 6.0 7.4 7.1
D 2.8 42 6.7 10.8

Aggregation of Formulations at 25°C: The amount of total aggregate and dimer formed in

each anti-VEGF formulation (100 mg/mi) after storage for 0, 2, 4, and & weeks at 25°C was

5 measured and is set forth in Table 6 below.
Table 6: Total aggregate after storage at 25°C
%Total % Total YoTotal % Total
Aggregate Aggregate Agpregate Aggregate
Formulation 0 weeks 2 weeks 4 weeks 8 weeks
B 3.9 4.6 43 34
C 5.4 6.6 6.6 4.8
D 34 5.1 6.4 6.1
16
Aggregation of Formulations ai 2-8 C: The amount of aggregate and dimer formed in each
anti-VEGF formulation (100 mg/ml) after storage for 0 and 4 weeks at 2-8°C was measured
and is set forth in Table 7 below.
15

Table 7: Total aggregate and dimer after storage at 2-8 C

%Total Y% Total
Aggrepate Aggregate % Dimer % Dimer
Formulation 0 weeks 4 weeks 0 weeks 4 weeks
B 39 38 3.3 32
C 5.4 5.7 4.7 5.1
D 3.4 3.5 2.8 29
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10stability of anti-VEGF was investigated. A list of excipients explored includes sodium phosphate,
arginine acetate, sodium acetate, and histidinc chloride. Our results showed that formulations
containing arginine chloride and histidine chloride aggregated faster than all other formulations.
[0223]The stability of ant -VEGF was evaluated in various buffer conditions The 15 data obtained from
the study showeddhat antinVEC R sines esstapledoaiginmeacetaaduiiferss hativeghdphi.0 and pH

6.0. The da ob ained from latjon screenjng study showed that anti-VEGF is stable and has
Prduted sl TR A ey B BT S b g e AHBRAIY SEHES PRI S R Arcimine

Acetate, 0.04%6 RGPhatpidtFa2th2f 25bICRANMS We claim: l. A stable aqueous pharmaceutical
foonulation, the formulation comprising a 5therapeutically effective amount of an antibody in an
argininc buffer, pH 4.0 to 6.0. 2. The foiinulation of claim 1, wherein the buffer is an arginine acetate
buffer, pH 4.5 to 5.5. 103Hhé. fommiilativegofectaim biwHegéimthe bufferis-arrargimine acetate buffer,
pH 4.8 to 5.4. 4.The formulation of claim 1, wherein the buffer is an arginine acetate buffer, pH 5.
The formulation of claims 2, 3, orMhemnihmmnm&@mmmqtratlon in the buffer is from
about 25 mM to about 250 mM. Agimfre/epaGlation of clafdiél2, 3,/or 4 wherein the argininc
actetate concentration 20 in the buffetis. &em:aReHhP mTM ta gk ggﬁgtgso mM. 7. The formulation
of claims 2, 3, or 4 wherein the arginine actetate concentration in the buffer is from about 75 mM to
about 250 mM. 258.The formulation of claim&2, 3, or 4 whereinre arg n ne actetate concentration in

the buffer is from about 100 mM to about 25@ymM. 9.The formulatgpn of claims 2, 3, or 4, wherein the
arginine acetate concentration in:the-bufferis-from-about-120-mM-to.about 240 mM. 30

100 44
200 4.2
{0222} Effect of Excipients and lonic Strength: The effect of different excipients on the

16 stability of anti-VEGF was investigated. A list of excipients explored inciudes sodium
phosphate, arginine acctate, sodium acetate, and histidine chloride. Our results showed that
formulations containing arginine chloride and histidine chloride aggregated faster than all other
formulations.

[0223] The stability of anti-VEGF was evaluated in various buffer conditions. The

15 data obtained from the study showed that anti-VEGF is more stable in arginine acetate buffers
between pH 4.0 and pH 6.0. The data obtained from the formulation screening study showed
that anti-VEGF is stable and has reduced aggregate and dimer formation at 100 mg/mL protein
concentration in 200 mM Arginine Acetate, 0.04% PS20 at pH 5.2,

25
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10. The formulation of claims 2, 3, or 4, wherein arginine acetate concentration in the buffer is from
about 150 mM to about 225 mM. 11. The formulation of claims 2, 3, or 4, wherein the arginine
acetate concentratio 35 in the buffer is about 200 m_M. 12. The formulation of claim 1, further
comprising a surfactant. 13. The formulation of claim 12, wherein the surfactant is polysorbate. 14. The
formulation of claim 13, wherein the polysorbate ¢§ pglygprbate 20. 15. The formulation of claim 12,
wherein the surfactant concentration is from 0.0001% to about 1.0%. 16. The formulation of claim 12,
wherein the surfactant concentration is from about 0.01% to about 0.05%. 17. The foil'illation of claim
12, whereinghegswfactant concentration is 0.04%. 18. The foululation of claim 1, wherein the antibody

concentration is from about 10 mg/ml to about 2 m%{énJ. 19 T%%Dfio mulation of claim 1, wherein the
oty concentratid T AHABOLE S0 UM RSOOEHFAE SO HE T SHGRROREG claim 1.
wherei thetapifpodyatigrdéntiatiemis it ofaabotib&l mgdmdrianddeobi TS0pHg Mo 2621. The formulation
of claim 1, wherein the antibody concentration is from about 75 mg/ml to about 125 mg/ml. 22. The
formulation of claim 1, wherein the antibody is not subject to pm) lyophilization. 30 23. The formulation
of claim | whereinZhelantiboayBints \MEGE | 2¢hathie therhufbtion of atainmd ageteés dirfigrerdhdbody is
amonoclong| antibody. 25. The formulation of claim 24 wherein the monoclonal antibody is a full

length antibody. 26. The fonnulation of claim 24 wherein the monoclonal antibody is an IgG1
5antibody. 27. The formulation of claim 24 wherein the monoclonal antibody is a hu anized

antibogty. 3. The formulation of claim 1, wherein the buffer is an arginine acetate buffer, pH
48t0 54,

4. The formulation of claim 1, wherein the buffer is an arginine acetate buffer, pH
5.2.
15
3. The formulation of claims 2, 3, or 4 wherein the arginine actetate concentration

in the buffer is from about 25 mM to about 250 mM.

6. The formulation of claims 2, 3, or 4 wherein the arginine actetate concentration

20  in the buffer 1s from about 50 mM to about 250 mM.

7. The formulation of claims 2, 3, or 4 wherein the arginine actetate concentration

in the buffer 1s from about 75 mM to about 250 mM,

25 8. The formulation of claims 2, 3, or 4 wherein the arginine actetate concentration

in the buffer is from about 100 mM to about 250 mM.

9. The formulation of claims 2, 3, or 4, wherein the arginine acetate concentration
in the buffer is from about 120 mM to about 240 mM.
30
10, The formulation of claims 2, 3, or 4, wherein arginine acetate concentration in

the buffer is from about 1530 mM 1o about 225 mM.

11. The formulation of claims 2, 3, or 4, wherein the arginine acetate concentration

35 in the buffer is about 200 mM.



1028.The formulation of claim 24 wherein the monoclonal antibody is an antibody fragment comprising
an antigen-binding region. 29.The formulation of claim 28 wherein the antibody fragment is a Fab or
F(a1352 fragment. 15 30. The formulation of claim 24 wherein the monoclonal antibody binds VEGF.
31. The formulation of claim 30 wherein the antibody is bevacizumab. 2032.The formulation. of claim 1
wherein the monoclonal antibody is susceptible to aggregation. 33. The formulation of claim 2

wherein the buffer is 200 mM ‘?#g_inine acetate pH 5.2, the surfactant is polysorbate in an amount of
about 0.01-0.1% Wi, WhielemEieai Glatind i&osstspranstsd eehipErstanré of about 40aC for at least 28

days 34. An article of manufacture comprising a container holding a stable aqueous

pharmaceutical fo tion comprising a therapeutically effective amount of an antibody, an arginine
acetate buffer fror‘ig; t%@&%a%‘éﬁ%?ﬁ%é?a‘ﬁ%c?&%ﬁéﬁ%ﬁ% is polysgrd#i%e article of manufacture
of clain$ 34 wherein the antibody binds VEGF. 36. The article of anufacture of claim 35, wherein

the antibody is beY ci Ly o} %Y‘A method far stabilizing an. antibody in an aqu pharmaceutical
formulation by com%irﬁnglgrtrﬁgrdé%oenu i%ﬁi/me éc‘é@geaﬂrln%%ﬁ? ic}fgg%ggﬁﬁ%g?%}]? %@%%%ﬁne acetate buffer
from about pH 4.5 to about 6.0, and a surfactant. 538.The method of claim 37 wherein the antibody

binds VEGF. 5 3f. fhameihodefslaim 38,whetaingthe antibody is, bevagizimag.#8; 4 stable

agueous pharmaceuti{g:al formulation comprising a therapeutically 10effective amount of an antibody,
200 mM ardinifigubédtéte buffer at pH 5.2, and a surfactant. 41. The formulation of claim 40 wherein
the antipody binds VEGF. 42. The formulation of claim 41 wherein the antibody is bevacizumab

16. The formulation of claim 12, wherein the surfactant concentration is from about

0.01% 10 about 0.05%.

17. The formulation of ¢laim 12, wherein the surfactant concentration is 0.04%.
15
18. The formulation of claim 1, wherein the antibody concentration is from about 10

mg/mi to about 250 mg/ml.

19. The formulation of claim I, wherein the antibody concentration is from about 25

20 mg/ml to 200 mg/ml.

20. The formulation of claim 1, wherein the antibody concentration is from about 30

mg/ml to about 150 mg/ml.

25 21. The formulation of claim 1, wherein the antibody concentration is from about 75

mg/ml to about 125 mg/ml.
22. The formulation of claim 1, wherein the antibody is not subject to prior
iyophilization.
30

23, The formulation of claim 1 wherein the antibody binds VEGF.

24, The formulation of claim 1, wherein the antibody is a monoclonal antibody:.
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43. An article of manufacture comprising a container holding the formulation of any one of claims

40-42. 44. The fonnulation of claim 1 which is sterile 45. The formulation of claim 1
which is stable upon storage at about 40C for at least 28 days. 46. The formulation of claim 1
which is aqueous and is administered to a subject. 47. The foirnulation of claim 46 wherein the

formulation is for intravengu st RHRCHBRRAYS (AT AITABHIBEHA &L M RO NS Al

48. The formulation of claim 46, which is for IV administration and the antibody 30concentration is from
about 10 m@ﬂﬂh%yabout 250 mg/ml. 49. The formulation of claim 46, which is for IV administration
and the antibody concentration is from about 50 mg/ml to about 100 mg/ml. 50. The folinulation
of claim 46, which js for SQ administration and the antibody concentration js from about 25 mg/mf to
about 250 mg/mi 26 o SRR GO %?W?i@ SHEE ABTHRHE IS the antibody
concendratianilsolipm about 50 mg/ml to about 100 mg/ml. m 52. A vial with a stopper orceable by
a syringe comprising the formulation of claim 1 inside the vial. 1053.The vial of claim 52 which is
stored at about 2-8C. 54. The vial of claim 52 which is a 3cc, 20 cc or 50 cc vial. 55. A
stainless steel tank’comgiisifigrthiafolinedatiom fl cldierend hsidethddarllantBody is a leGdfifredank of
claim 55 whgggipae oulation is frozen. 57. A method of treating a disease or disorder in a subject

comprising administering the formulation of claim | to a subject in an amount effective to treat the
disease or disorder. 20 58. The method of claim 57 wherein the antibody binds VEGF.

10 28.  The formulation of claim 24 wherein the monoclonal antibody is an antibody

fragment comprising an antigen-binding region.

29.  The formulation of claim 28 wherein the antibody fragment is a Fab or F{ab')2

fragment.
15
30.  The formulation of claim 24 wherein the monoclonal antibody binds VEGF.
31, The formulation of claim 30 wherein the antibody is bevacizumab,
20 32, The formulation of claim 1 wherein the monoclonal antibody is susceptible to
aggregation.

33. The formulation of claim 2 wherein the buffer 1s 200 mM arginine acetate pH 5.2,
the surfactant 1s polysorbate in an amount of about 0.01-0.1% v/v, wherein the formulation is

25 stable at a temperature of about 40 C for at least 28 days

34, An article of manufacture comprising a container holding a stable agueous
pharmaceutical formulation comprising a therapeutically effective amount of an antibody, an
arginine acetate buffer from about pH 4.5 to about 6.0, and a surfactant.

30
35.  The article of manufacture of claim 34, wherein the antibody binds VEGF.

36.  The article of manufacture of claim 35, wherein the antibody is bevacizumab.
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59. The method of claim 58 wherein the antibody is bevacizumab 2560.A pharmaceutical formulation
comprising: (a) a full length 1gGl antibody susceptible to deamidation or aggregation in an amount from
about 10 mg/mL to about 250 mg/mL; (b) arg-inine acetate buffer, pH 4.5 to 6.0; and (c) polysorbate
20 in an amount from about 0.01% to about 0.1%. 3061.The formulation of claim 60 wherein the
antibody binds VEGF. 62 Hagberrowiationef claim Gloueraintisanihadyds hevasizumandss. A
method for yeducing aggregation of a therapeutic monoclonal antibody, 35comprising formulating the
antibody in BhSREREACEEAIR U SHEAY S8 O ed Fhi HIOHb b Edims @ﬁe\tﬁﬁgi’éﬁfﬁhe antibody
binds VEGHF:dsb sbhet migtho doaftelai G 4ndhsietadiaatantibody is bevacizumab. 66.A phaimaceutical
formulation comprising an antibody that binds to VEGF in an ;inine acetate buffer at a pH from about
4.5 to about 6.0, and a surfactant. 67.The foninilation of claim 66 wherein the antibody is
bevacizumab. 68.A8methbd ofathakinfcipharmabeaticdlcfennivldtibmcoMpaEing: (a) preparing the
formulation of claim 1, and (b) evaluating physical stability, chemical stability, or biological activity
of the antibody in the foonulation. 69.The method of claim 68, wherein the antibody binds VEGF.
70.The method of Elaim 69¢ Wkt tstaniBoaydisbebacinimabis bevacizumab,

40. A stable aqueous pharmaceutical formulation comprising a therapeutically

10 effective amount of an antibody, 200 mM arginine acetate buffer at pH 5.2, and a surfactant.
41.  The formulation of claim 40 wherein the antibody binds VEGF.

42, The formulation of claim 41 wherein the antibody 1s bevacizumab

15
43.  An article of manufacture comprising a container holding the formulation of
any one of claims 40-42,
44.  The formulation of claimn 1 which s sterile.
20
45. The formulation of claim ! which is stable upon storage at about 40°C for at
least 28 days.
46.  The formulation of claim 1 which is aqueous and is administered to a subject.
25

47. The formulation of claim 46 wherein the formulation is for intravenous (TV),

subcutaneous (SQ) or mtramuscular (IM) administration.

48. The formulation of claim 46, which is for IV administration and the antibody

30 concentration is from about 10 mg/ml to about 250 mg/ml.

49.  The formulation of claim 46, which is for IV administration and the antibody

concentration is from about 50 mg/ml to about 100 mg/ml.
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50. The formulation of claim 46, which is for SQ administration and the antibody

concentration is from about 25 mg/ml to about 250 mg/ml.

51. The formulation of claim 46, which is for SQ administration and the antibody

concentration is from about 50 mg/ml! to about 100 mg/ml.

52, Avial with a stopper pierceable by a syringe comprising the formulation of

claim 1 inside the vial.

53, The vial of claim 52 which is stored at about 2-8 C.

34. The vial of claim 52 which is a 3ce, 20 cc or 50 cc vial.

55. A stainless steel tank comprising the formulation of clairn 1 inside the tank,

56. The tank of claim 55 wherein the formulation is frozen.

57. A method of treating a disease or disorder in a subject comprising administering

the formulation of claim 1 to a subject in an amount effective to treat the disease or disorder.

58.  The method of claim 37 wherein the antibody binds VEGF.

59.  The method of claim 58 wherein the antibody 1s bevacizumab

60. A pharmaceutical formulation comprising: (a) a full length lgG1 antibody
susceptible to deamidation or aggregation in an amount from about 10 mg/mL to about 250
mg/mLl; (b) arginine acetate buffer, pH 4.5 to 6.0; and (¢) polysorbate 20 in an amount from
about 0.01% to about 0.1%.

61.  The formulation of claim 60 wherein the antibody binds VEGF.

62,  The formulation of ciaim 61 wherein the antibody is bevacizumab

63. A method for reducing aggregation of a therapeutic monoclonal antibody,

comprising formulating the aniibody in an arginine acetate buffer, pH 4.5 t0 6.0.
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64, The method of claim 63 wherein the antibody binds VEGF.
65.  The method of claim 64 wherein the antibody is bevacizumab,

66. A pharmaceutical formulation comprising an antibody that binds to VEGF in an

arginine acetate buffer at a pH from about 4.5 to about 6.0, and a surfactant.

67.  The formulation of claim 66 wherein the antibody is bevacizumab.

68. A method of making a pharmaceutical formuiation comprising:

(a) preparing the formulation of claim 1; and

(b) evaluating physical stability, chemical stability, or biological activity of the
antibody in the formulation.

69.  The method of claim 68, wherein the antibody binds VEGF.

70.  The method of ¢laim 69, wherein the antibody is bevacizumab
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