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By "isotonic" is neant that the fornulation of

interest has essentially the gane osnotic pressure as

human bl ood. Isotonic forrmulations will generally have

an osnotic pressure from about 250 to 350mM0Osm
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(1984)). Chineric antibodi es I nt ef est here
a"i‘“ﬁ‘lﬂ""[ﬁ'&&“’ LT E’é‘ﬂ"a"%l‘ﬁ? %‘6‘6‘?“8%“6‘8%5”@%&’ T4 P’F abtre
d onelitningntion geomenkrims o i gritsestpprstriaeszbld by 4 syringe df p eainlegs steel tank
cobhrin e Rtion BEiliedhe (VAL of tank{hpBond¥) id sd-cMaRk ey, Ape etc) and
human constant regi on sequences. "Antibody fragnents”
conprise a portion of a fullg | ength anti body,
preferably conprising the antigen- binding or variable
regi on thereof. Exanples of antibody fragnments include
Fab, Fab', F(al:02, and Fv fragnents; diabodies;
| i near anti bodi es; single-chain antibody nol ecul es;
and nultispecific antibodies foraied from anti body
fragment(s). A "full length antibody- is one which
conprises an antigen-binding vari able region as well
as a light chain constant domain (Cu and heavy chain
constant domains, CH , CH2 and Cl143. The constant
domai ns nay be native.sequence constant danmains (e.(g.



An "am no-termnm nal | eader extension" herein refers to
one or nore am no acid residues of the ani no-term nal

| eader sequence that are present at the am no-term nus
of any one or nore heavy or |ight chains of an

ant i bigehgover Al irgsadoplogidey 2 aeriiod ofmaking phvarhacduikaldemulaint comsrising (2)
§ ﬁgldﬁ%no@lﬁmﬁmsdymulﬁﬁn, 100 65 Svalah PRysRA krhitityCRindlidBGbility, or
Egg%gaanv %m %mmgan%od &%} |I]9aht chai ns of an

is defined as the
per cent age of residues in the am no aci d sequence
var i akrdef Disadptionobihe Bowingscal after aligning the
s eﬂ ueﬁg.ea dapite Domdids REMUEEND 198 3922, réshecth B @BtBerbkihselldl domain of HERZ.
achi .
con‘pel\flgng pr ogr An%m %%et] ﬁgﬂaglaﬁg%%%yﬁgﬁ%g%k%%gﬁ L)i(lr;"tlg"}"‘ﬂ’)
tullearabl hean@) GigCti) dumiputt enrinpmengelauhaitigody 204j (FH) 1D Nos. 1 and 2,
aut hored by Genentech, Inc., which was filed with

R AR PRAT R i T4 (RO Mg e R eregh . snd

VAP35 e G g oy i
B B?S(fgﬂmd:%#ﬂspa@tﬂlw i Astoriskss idntify difpncthlenveqnumpapiged F@ vPrEigq S@hang gurine

mﬁtui;mlet a‘a@q@em bdn@en REAnRE] ATH vedditn BTG aRGlhcubd GUERGE Complementarity
sf(éﬁts%)m Qla@h antibody. Exanples of

ant | %ﬁé’ﬁ? Hggée!ﬁ%t&unm | O sg%l(u;mge% ?%&l‘%ﬁlﬂ]ﬂlglgg e:Eaf dqtbavy chain (5EQ) ID

Bﬁoq—] th qqtblﬁ vl (}‘D&E@ffé B Httbold d‘é.}ctllatm]cmas uf l.hc light chain and heavy
ehiin@ie (%526 21 Iy2 afdNEICIB)5E DIINBEIOS jriraigied form)l G rabehgyimtcaoicty s agdthed to
G&d 490 &%i,@gehagnecept ors ( e g. B cell receptor; BCR),

etc. di (0] e an

oL B 0 BB M L B0 Al ARUAEF ok
éﬁ?%ﬁﬁ?“é?m’&%ﬂg"ﬁ‘m%“@ﬂ@dw?d% e Fapiiiiesreiveys s

Ther eFigwes denioiseschmmitionlly, bindisebC4af thefheprpdithedpiinding site of HER?, thercby
Reebdp St RimorkGHdn wikiGEhvaldHGFR bgfBr3.and i gM and several

of the 156k tng t}tﬁmﬁ% ﬂ?ﬂ@ﬁ%@m sasses”
xﬁ;ﬁ i e

(isot lgrta I gA and
| gA2. °'b"ﬁ’551°ﬁTr858’ﬁ hs t hat correspond

to thEzwh Srdpmseﬁtﬂitmfageeeﬂtfﬁrmalmﬂt bodicstngEXratesed a,
8, e, Filfure s PabilitylofSe Grhab kexhation b €izeSxcimsion chroBddgtaey (FECSnalysis.
2{1 g Sts ﬁg&@fuwlﬂ%rs}gﬁmmﬂf wteumtéttff@enemathmsf ferent
" Ant i BETRA FERR ﬁncf‘é‘%fmc?% yl°9§m?f"mtb\ﬁ§“ forfmr‘]? 8% city" and
" ADCCFiwel éfrom gpogier egitprion yths of Patiginab léla'é forevtiemh whi ch
NONS PEigird i3 ds oy b Héeaydtiaging @ddy of Phrvatmalefigrle®s. Fe receptors

( FC Rs iﬁg&é 145 and\NRE Wod ke Khihd 2818 selideMiEDof BihubuSnab 1R QHAITD Fo. 13) and

@g@ﬁﬁ% % recogni ze bound anti body on a target
ently cause |lysis of the target cell

Th e pﬁﬁqtea#fgﬁ aefzell P depigyvariaEprigpaplylightskarm seqpgRee$HQTR No. 23) and a variant
Srnesshebuy yiai kdokent (HEQ IO Wi @4)eas nonocyt es expr ess
FCYR kg EJHBAL& UGS YiRhdhdoharilRGRicRXPoRS SlyQPoe9d in TgG antibodies.

hemat 0| I |s LD

e SR o £ g AR ] 5209208 o s

@&%E?hb@e%géﬁswm@"ﬂt iR §7Aptc varia figbt dgmegn s with the residucs

| VBRI Fegith 111aTm Fignl 78, itie v@iabADEGY dopraia ynds with@Ha resigned ¥TYSS, around residue 120.

descr P gh B a eﬁ’é'&]ﬁﬂﬁmnﬂ@mpa@ng@ﬂ%ﬁﬁa&d &ﬁueﬁ:es%gtﬂo varmble Y domain
0

5 Pt L serran Lt e vt Meflen ST oS R i AR B oo

Natural Killer (NK) cells. AI_%_er natively, or

additionally, ADCC activity of the nol ecul e of

interest may be assessed in vivo, e.g., in a aninal
nodel such as that disclosed in Cynes et at PNAS
(USA) 95: 652-656(1998). "Human effector cells”

are | eukocytes which express one or nore FeRs and
performeffector functions. Preferably, the cells
express at |east FcyRI Il and perform ADCC effector
function. Exanpl es of human | eukocytes which nedi ate
ADCC i ncl ude peripheral bl ood nononucl ear cells
(PBMO), natural killer (NK) cells, nobnocytes,.



Papai n di gestion of antibodi es produces two identical

anti gen-bi nding fragnents, called "Fab" fragnents,

each with a single antigen-binding site, and a

residual "Fe" fragnent, whose nane reflects its

aloppailighy chkie swbgryp T GEQ Tr. 270 ddi CHRs oS pEIHT adhud yid are as follows: CDR]
Y {sBh @SNAM), E{Dﬂb@héuimcammcmh@mm b0

ant i ggn- bllm“ gﬂ"fnw g,ﬁnmgggm{pémg%é JnLnGQQP%RLr&S gifthe variable heavy domain

Cross- I‘ﬁ"‘n

afitd ¥ 5351},& fnprg@ %’H{SE INoHE )k bpenizedy 17yl 6 ér:B F&g{{é) Nun%IQ), and the human
atrnicgertequeceghe ey phanmdereun T (FER Mhfon - r?@e SYRs of Vi PFRHE and 2HTv16

lf %ﬁ?ﬂo&@@ﬁﬁﬁﬁm B0 asmd(tm@r(smf D ®B6.@ 1) RAVYRIGIER N Na k). one
I Al 1N Orac!
gnt & 1E‘A an?%tgq% Ghe & Wgﬂc} TS in eaﬁ@t&ﬁ@)!;@lha@%ﬂa brackets,

associ a tion . th

o ST H 8 PP L P, o
i bareeatgt ropoof hgdechssindioe émmomg:@fﬂ%wﬂiﬁfwgt batiwgep the)fyo pepignces. Residue

S Hﬁufbefﬁ.g is&ordifi8o Midar Vel S&}ieh®S of Infohiogied! Inteebrysih FiLIPeblis Hoalth Service,

& ﬁguﬁ..gpl,f?mﬁtﬁ %@J}@tﬁ@ agﬁs wanﬂsmp@mm 09, d, and c.

spec | Cl -
vari abfl.@ﬂedgpﬁmﬂlﬁvw‘b dﬂgﬁmfseqa%ceé?f “W orrpr : Slaﬁ%o%eﬁ rvgl S%Q]])Nos 31
t Bf.ee hypervariabl e regions specific for an anti gen)

has t hggudab kblotrdkizk Exclisee gitiadgaphy EED klmbbn pfild f @i following Apomab
alss[nlﬂf@.y &?coﬁ}}m ﬁd %u%ﬁon?{rgphm al (%) p&-]h%rtc)tpﬁ@ 0 QJ]HI E.6 a0l (40 70 The

site. ?t (%ét%?{re @m 1,stcc')ﬂmg:o nt.ains the
c&‘ﬁ‘g‘ll"é“ﬂt‘“tﬂlésrfﬁfeﬁ“’ﬁ . Rt ERal n and the first

const aFiguretd farlcs P @k ilpfor EH@S R Sarry® e monqepyuring storage. Monomer
f ncagiaEFISBC 6lds fnbewred dudipsteas af 0 EgmieCandiie fishadeprdte panjtanty wesf

a Jiew.g esi dues at the carboxy term nus of the heavy

chain el ATl m@,e&g'hpogmgg% pEcT RS, ﬁgﬂp@m safp R0 foriows:

t he an e

s ko s oH 4 P B S T8 R e

t henpbomsd storetl atd Ot Bmontiieprior ta the dnalylst one free thi oI

group. F:E&@i?)sl%w@ﬁ! riaxbﬁetye f&ma QEEIEE ik pegk dVBglstyraghe e peak kinetics by

" %45'@ fg*cl%f S O A “Pf’ﬁ ﬁ?b@‘ﬂ% %éﬁ““ s

ant i bof T
o fdegyrd suiiyg mlt@gqugmedﬁEWU\ﬂé} Fh"o’?"a‘tt @'c’gﬁéﬂ"@%““ i PEQ ID No. 45) is used
ASSingRR the hRleMRCh@may wa“Tloeaw’] y di stinct types, called

K ap Pa & u)rcs%]ﬂganh SRR o411, mﬂ@&ﬁqﬂq@ﬂcstohﬁm&rﬂkﬂ Qcepl (SBQ 1D No. 47) as
ﬁe r;‘i }i?ag Efﬁ }ﬁsl rl%"%% oL ba{bbg ﬂng%l rtlo ng Fucleohdc suc&u:nc& (SEQ ID No. 48).

SCFV™ "ant I

conpr i Figurgsea S 2B HoRiEp H St 5 reiRigy QD No. 4) and
t hiseaeodl Gymadldatids sig@nde (SEQ &MFo. 50, apalse puilshe IpHP %w prejugust 20, 1998,

chai n. FP&@&?@E@.@WAWML@: sﬁuavfuwmmmﬁequémm No. 51).
conprl %{3 Ews%gg;g) %htc al Em EH{\?‘HE'EHCEFE }fhl"ﬁa VI

donmai ns ena hé desi

struct &“}g@esﬂ%fm‘aﬁe Tbg'éfﬁﬂtef W%%W“h%fmaﬂ? RN 8?"“§‘E’Fﬂ“*a"’ chaln
Se(GECPl]:&dbkilmn'ﬂmlmﬂds?ﬁilemd?har macol ogy of Mbnocl or zal
Ant i bo @Lgﬁé 30 s}{cQJs the Aikncnt BOBENRRCGinRHD IYNO.5H a@ihGorab 7.3 light chain (SEQ
]ﬂ%g over oNew York, pp. 269-315 (1994). HEP 2
| se v gments arc described in W93/ 16 I%
U S. Pateserdlheyd 35 dsojet hggrable hiqyy apjingacidseppeuFiggl A SEQ No. 55) and
5, afable4fiBamitbhgd fe@eme (Figi 3k 6B tsNo. JRpdfdpmnab B3, SERE rsidues are identificd in
angsgpody fragments with two antigen-binding sites,
whi ch fragnments conprise a variable heavy domain (Yu)
connected to a variable |ight gomain Wi in the cane
pol ypeptide chain (Yu - VD. By using a linker that is
too short to allow pairing between the two domai ns on
the sane chain, the domains are forced to pair with
the conpl enentary domai ns of another chain and create
two antigen-binding sites. D abodies are described
nore fully in, for exanple, EP 404,097, WO 93/11161;
and Hollinger et at, Proc. Natl. Acad. Set USA, 90;
6444- 6448 (1993). "Humani zed" forns of
non- human (e.g., rodent) antibodies are chineric
.anti bodies that cantain m ni mral sequence derived from




Por the purposes herein, "Trastazumab," "HERCEPTINO "

and "hul vl Ab4D5-8" refer to an antibody conprising the

i ght and heavy chain am no acid sequences in SEQ ID

NCS. 13 and 14, respectively. Her ei n,

" Per t Eiguxfiishotvs doralumiviady of A€ attire 2ol 6 2@NATYSARE Ehaips (SE@ I fos. 63 and 64,
GVl h&duh@e‘g Mm@ﬁ)m&jt WAfable hﬁua}ﬁ&:&i‘d&blh:ﬂ)eﬂlﬂggm adaghnt domain residuc
varll%bgl e heavy am no acid sequences in S13Q I D Nos. 3

an respextfully Were Pertuzuma f ul

ant i b&Eye 33 PovsputighEpel e by mapre ZHL 1 97 W”ﬁ?kﬁ‘&fﬁ'&fﬂh‘%‘g@’ Ros. 65
heldt.yrepirively). chedupngesaimivel withdGbre rrgdts dprminSsidye) npynleyye adEu gaagpnt domain
1GauerRERgad | vel y. A "naked anti body" is an

anti body (as herein defined) that is not conjugated to

a heterol ogous nol ecul e, such as a cytotoxic noiety or

ndi ol abel . An "affinity matured" antibody is

Grgileg] Rekeriptin obthe Prpfeareddinbedimtntions in one or nore

hyper \asdidat € regi ons thereof which result an

| npr ovgiet. ﬂ&}m&t}&ﬂ%&dﬂﬁbé Yeretho Jp&ﬁarﬁﬁt SR Yo b form as to permit the

anti ared to_a nt. an%wmé?m talvn\'{ggfoaddutonu?mmpoﬂemswm“-h

ﬁH@%‘g@W@g %F‘E“é‘}gﬁihfnb‘ﬁt’% ectiys g WFP'E
rreruRe et EN Kb @ Fubiset fo which heforamlprion ipws] ba pimipistowd; e‘?ﬁﬂh formulations are
Riel@MOl ar affinities for the target antigen. Affinity

mat ur eﬂ‘s@fﬁl@vifmmm%&s i RAUEEH e Hﬁﬁ&ﬁﬁﬁ%@ﬁidﬁﬂ%s in

T

JHidFre2=idrieg: noRiaf Ei’él‘?‘?“ﬁ't’ft Pyt 8kgedve °’é\ ﬁ&#&P‘Yff“F QF@WB‘P’R‘“"“
reegprightidi®zcn Sruglbegnde e eloripy (in sBaltcba@ﬂl Btlk) ertfrofep droz pgdwct (infad ¥al
apl: 3809- 3813 ( 1994) Schi er etal. Gene

il
169: 147+ | I i ical stabi
155 1 gbg t::liigtb 60&3“?%8% % v.th S on ‘gfg kn e&i@ﬁ?hﬁ{u ts physical stabi htyt:nd!or
Theicny stabilitygncier ‘i‘@@‘?; """“%‘ET“ i fm"l" mﬂ/ﬁfenwmm !
2RBi-G39d @OEcal sEBTIF) as well s its biologipal 2ty urion florat That5i9Tge porjod is gperally
adfkcieD Oekyd dMutieGdtendiii EHES-lifh 6F iR iEmBibd. VaibheanahticaBeB{iine fo measuring protein

Cé@ %l‘elayaﬂabiet}rﬁhe[ ﬁ%%vm@&tld Mﬁrdja a4 P%ptmglﬂeﬁvy Qi'?—."ut)h Qincent Les

t é?
el ot Pl L [ a2 o
ST for yamne- S=pility Fap &e BrGWTT 4 ¢ sl damersyre oypeelell ipspgiod. Preferably,
Am: @Y sQble & BhoaG0'0 Fof it leasndbbud B4l YecleSand/tratabid vt ehbit B prel&r 15°C for at
@ 11[10%%!? d%; stzlbﬁ at a&%t M&F a@ ﬁﬁpjt fnthadd Q%Jt ﬁf&uj mmm@ﬁmuhnnn

uces tosis_0 el l's expressing the u
r‘éllf'é‘ff?‘ﬁfi' stabl fc&owmﬁsymsﬂ& &&y %0 ‘F)é’}‘" traing Fﬁﬁ%‘i‘ﬂﬂ”‘?‘h@ﬁé‘t“ﬂ% fpllowing 1,
of ar BB Gdiesinging taheise ISiabidyicai be eVWDOS] BAEGRlyandfhr quantitatively in a variety
V@ %&éx%% Q8. mcﬂl@ﬁ'l&]evﬂflahm £oPe Rk BrRdA @Sl niGehpanEkhe d

b
o % e e in Fac% %gme%%;%gqq%:blggh?df ?r by @Hﬂl lngp%ést’ig% 33.? aasgegsg'& l:l'hlgmmljn&nmty using
r @iop GrGhEge roBRPERPEY B ﬂﬂ&fﬂﬂtﬁc'rhgm%ﬁﬂ?‘*a‘l“mé‘ﬂx?f
Goqrtrerrmblisit meosppamevrtcgnatyfis; FPSPAGE applyalk to crpire Heverd aad lﬂaiFtéﬂhh‘?dY g
”ﬁ biaE i3 Gor WRINAOPELL: Oy -V el fig Ev@lu&ﬁhé Hiolddica BHAAE bi Mtighibinding function
8 m&%ﬁyL N ﬁ%&% e ﬁnv&a%ﬁﬁm; & 9.9,9 Yo agRRolRNambaRtoh 49 Suen

| naceoy

PR Tisbis Nesprieiss: RpHe e B RRHEERI et s

t digpgvitiyirbipdiyfragvhdniation & gt fgiedragriptatog), Yeevigtds formatigprungsodcysteine(s),
DA 118 g Bliendn, QRO csASy, SHREsPEITh MG, bhe Lowry

met hod, and nost preferably nore than 99% by wei ght,
(2) to a degree Sufficient to obtain at |east 15
residues of N-termnal or intexpnal am no acid sequence
by use of a spinning cup sequenator, or (3) to
honogenei ty by SDS- PAGE under reducing or nonreduci ng
condi ti ons using Coomassie blue or, preferably, silver
stain. Isolated antibody includes the antibody in situ
wi thin reconbinant cells since at | east one conponent
of the antibody's natural environment will not be
present Ordinarily, however, isolated anti body will be
prepared by at | east one purification step.

HER2 anti body which "inhibits HER di nmerizstion nore
effectively than Trastuzumab" is one which reduces or




The "epitope 7C217F3" is the region at the am no

termnus, within Domain 1, of the extracellul ar domain

of 1-1ER2 to which the 7C2 and/or 7F3 anti bodi es (each
deposited wth the ATCC, see below) bind. To screen

for amtdedamBid momiabrahandbadghefemn it dnein WG ofd<8 menp pspayres regidue thereof has

%&HE&Q&D@EP%%‘[QL&QEK&!E‘Q{aﬂ%@-@s}f&r@.ﬂ&ﬁl as that described in

ﬁ\gt‘) o ll?lélt 38? )’ wﬁ‘&h 1,‘-‘_@?5':3 glr }é) g &élho lionﬁ Cume%glg glilgr @[lﬂ which has

;b@ﬂfoe'ldlfﬁé’al?mwwde%ﬂwa‘ﬁ veI Y, ep| tope mappi ng can be
per f oamaetbodyahieisis Sikdpsiblc whetdpaiontidree ehivh vy bedy folyidtrohgardzge with other

EKL%MZQ%&Z]&?) eﬁ:@éxi]l?%u%zmm(@mgm any one or nore of
e ChEa e LRI s HERHANE 28l R M oo

resid t rren
oheqrefensn for expaplt fptnee iR BFetihy | actic or preventative
Meas UBE sducthindramidadtion, agxedatiod, o fragmentatiznt is intengdbd pebeentitg 9odscreasing the

su%@@*aéaamam b, S8 @SSncafioN\Rhive RS (BRAGhal Aty if@iiulidd & »
%ﬂ%wat‘éf dﬂg fferevent ed. Hence, the patient to be
gyt pijor o 8 diffEren have been di agnosed as havi ng .t gye .
di s ety olGagAL 1S OB OB R PHPL i iyt bind o

ditgz@asigesult in a measuiblebi¢ logirabrespomiewhigh candpgicatured V@ G Mvo. Such activity
m§ 6 anthe6his@é (fod &&ﬁpﬂd W rel iR QnibBySd «HBRY hntidkly) GrOB@histid (Bfindafce where the
g %{W bias bEﬂt e catse/o? t»&aiz‘!myah GRAE a&wmnz ﬁdblaagmu ra&rewfastt@ﬂe ability

er |

can
o fP‘E&“‘Tdd““"t“éF"qu‘EB g i o s 2o B8 ARt vr
P ik otitodis Anvmabathecbipleicalrstinita e e for exaraplce 5 g ability of the formulated
(ahtiB6dy tahlRgod chrfifa CerI205, &med  synovi al cel |l sarcoma),

neur opNEQGEHs Q?ne:LxlvaEP&ﬁ f&ﬂmﬂ&.l)MIl&&st@@reﬁamy file LG Stic pressure as
glast r fﬁ uﬁoﬂ%m?gﬁugﬁll“‘ﬁ“ Lot gam:ra]l AES b drond TR dm§ O B beBTB40 10 350mOsm.

cou I C neu nmeni ngl ony,
drropieis sap &t pravied usipp? wwaes“ﬁﬁbwf@wé FPeesmeleyy f?bﬁiﬁ"&f

mal i gaangihesn, "thiir'aeipand 4 bofiieasolarmihg feeists chfnzes BEH brbaretion of its acid-
bR bl s&w ShebRbrhr of B3 GO dnProbhrabl@ s & P ibatange from about 5.0 to
a&mﬁr 0[:1 3 lfﬁbﬁf %om ab%&g I’g1 gée %bbut hg ﬁg DS fom éhaft: g ﬁjg Lidk 6. 2 and most preferably
T e
tshweindtoughgonate Al citphito+ eyl plisine argiaiberviesfra pidliiugere Thaprefgrod buffer bereln
G GBfincv@@St ri ¢ or stomach cancer incl uding
9 la‘St r I“lﬁ%ﬁﬁetbl)ﬁ?’l is a%ﬁ&&%ﬁmprﬁ%&:ﬁ@etﬂmg W&f histidine buft‘crs melude

I 0Dl ast o cervi cal C ovar | n
Beoppints, Mty AT A B, I et it
Gitshtiied i Syrasesseles hepsivat fovedtte Eﬂrh“t“é’!fla‘?ﬂ“’éclﬂﬁ‘f’ PrESgHTE é?bmm the histidine
QREQIVEtef it @épareTby tifrig 1D Sisitue Chen asRsolid) it ap@ie yeidgliqaidl] Preferably, the
G &Aemmﬁmﬁaﬁwm §§B@@rpmfc&619§ﬁ sk @soancer,

canc anc [ n

C ar C I ﬁ. Osﬁ%hm%eh e scs tl(1: e.nera{ ciom%otsﬁt% ?&O?n%n&:clemg% thc?:ntainnludmg

r cin
cmoqsteeberites disaqshpidas. wishshities, agPapohESesi spaerpleghols refugine sy, aomreduciog
Vﬂa}s mﬁqﬁoﬁmm}(ﬁrﬂﬂﬂﬂﬁa glucoss, sucrose, Fihaose, dactnge, fructose, maltose,

Ij%{hgl? ? cl:r}ﬁedeﬁqp Utgﬁmtol r erc%roﬁ ar'élﬂol%?ht@ IEARE, mSHhitol mllibi@e, melezitose,

lve to a
d?fglggsr%amimgms&é: é?se rr%ﬁtnsc 1 lté)%at mﬂ@qgsc %géml mﬁl?tuq %}:Hg dso—maltulose Bic,
rﬁlyprﬁwﬁ@@hﬂﬁ'ﬁ?éﬁrﬁw%WWF“‘@&H@@W‘%@P‘!" & trehaloH PE BT
t UNDr H&kiZ @ “surfabtiiciiférs {o a sarfape-Bve Weett(predoiig a BxipEndurfgiad Examples of

Qﬁrﬁtt&ﬁs‘%é}l:ﬂ mc?JdQﬂysom(‘(ﬁ& e.x@ﬁ;!uli, pdlﬁc;rbeitetlb gl |p9[5?soﬂbﬂ$ #0): poloxamer (e.g.

peri pheral organs; inhib .. slowto sone extent
and preferably stop) tum)r rre st asis; inhibit, to
sonme extent, tunor grow h; d1 or relieve to sone

extent one or nore of the synptons associated with the
cancer. To the extent the drug nmay prevent growth
and/or kill existing cancer cells, it may be
cytostatic and/or cytotoxic. The effective anmount may
extend progression free survival, result in an

obj ective response (including a partial response, PR
or conplete response. CR), increase overall survival
time, and/or inpfrove one or nore synptons of cancer.
A "HER2- expressi ng cancer" is one .conprising cells



vincristine, and prednisol one, and POLFOX, an

abbreviation for a treatnent reginen with oxaliplatin
(P-LOXATI NTNI') conbi ned with 5-FEJ and | eucovovi n.
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S92A; in SEQ ID No. 26. M34 in the variable
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16 for reference 31 5298A, E333A, K334A 73 14100A
M32L 75 N1OOA M32L 5298A, E333A, K334A 96 D56A, N100OA
892A 114

The term "monoclonal antibody™ as used herein refers to an antibody chtained from a populativra of
substantially homogencous antibodies, fe., the individual antibodies comprising the population are identical
and/or bind the same epitope, except for possible variants that may arise during production of the monocl omal
antibody, such variants gencrally being present in minor amounis. In contrzst to polyclonal attibody prepsarations
that typically include diffcrent antibodies directed against different determinants (¢pitopes), each monocl, onal
antibody is dirscted against a single determinant on the antigen. In addition to their specificity, the moncrclonal
antibodics are advantageous in that they are uncontaminated by other immunoglobulins. The modifier
"moneclonal” indicates the character of the antibody ag being obtained from a substantially homogensous
population of antibodies, and is not to be construed as requiting production of the antibody by any partiewlar
method. For example, the monoclonal antibodies to be used in accordance with the present invention maey be
made by the hybridoma method first described by Kobler et al., Nature, 256:495 (1975), or may be made: by
recombinant DA, methods (see, £.g., U.S. Patent No. 4,816,567). The "monoclonal antibodics” may als< be
isolated from phage antibody libraries using the techniques described in Clackson et al., Natwre, 352:624-628
(1591) ard Marks et al. J. Mol. Riol., 222:581-597 (1991), for example.

The monoclonal antibodies herein specifically inclede “chimeric” antibodies in which a portion of the
heavy and/or light chain is identical with or homologous to comesponding sequenees in antibodies derived from
a particular species o belonging to a particular antibody ¢lass or subclass, while the remainder of the cheain(z) 12
identical with ar homologous to coresponding sequences in antibodics derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, so long as they cxhibit
the desired biological activity (1.5, Patent No. 4,816,567; and Mortison e al.,, Proc. Natl Acad. Sel. USA,
B1:6851-6855 (1984Y). Chimeric antibodies of intercst herein include “primatized” antibodies comprising
variable domain antigen-binding sequences derived from a non-human primate {e.g. Old World Monkey.. Ape
&tc) and hnman constant region ssquences,

* Antibady fragmenis" comprise a portion of a full length antibody, preferably comprising the aratigen-
binding or variable region thereof, Examples of antibody fragments inclode Fah, Fab', F(ab')z, and Fv fragments;
diabodies; linear antibodies; single-chain antihody molecules; and multispecific antibedics formisd from
antibody fragment(s). '

A “full length antibody™ is one which comprizes an antigen-binding variable region as wellas a light
chain constant domain (Cy) and heavy chain constant domains, Cgyl, Cy2 and Cp3. The constant domains may

be native sequence constant domains (e.g. human native sequence constant domaing) or amino acid sequence
varjants thereof. Preferably, the full length antibody haz one or more effector functions.

The torm “main species antibody” hercin refers to the antibody structurc in a composition whicky is the
quantitatively predominant antibedy molecule in the ¢composition. In one embodiment, the main specics
antibody is a HER2 antibody, such as an antibody that binds to Domain I of HER?2, antibody that inkibits HER
dimerization mare effectively than Trastuzumab, and/or an antibady which binds to a beterodimeric bim:'liﬁg site
of HERZ. The preferred embodiment herein of a main species HER? antibody is onc comprising the variable
light and variable heavy amine acid sequences in SEQ ID Nos. 3 and 4, and most preferably comprising the light
chain and heavy chain amino acid sequences in SEQ ID Nos. 15 and 16 (Pertuzumab).

An “amino acid sequence variant” antibody herein is an antibody with an amino acid sequence “which
differs from a main species antibody. Ordinarily, amino acid sequence variants will possess at least abovat 70%
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D56A, N1OOA MB2L, S92A 5298A, 12333A, 1C334A 115 056A,
N1OOA M32L, 892A 5298A, E333A, K334A, E356D, M358L 116
D56A, N1OOA M32L, S92A S298A, 1(3344, K322A 138 D56A,
N1OOA M32L, S92A 5298A, E333A, |C. 334A, K326A 477

R0y Wil BOhailBles an@OB DR ABAy, the3 3B Ar at |-GBBdub30%, @S2BAerably at

RASAWN %&a‘rhomulugous with the main species antibody. The amino acid sequence variants possess
substitutions, deletions, and/or additions at certain positions within or adjacent to the amino acid sequence of the
main species antibody. Examples of amino acid sequence variants herein include acidic variant (e.g. deamidated
antibody variant), basic variant, the antit:ody with an amino-terminal leader extension (¢.2. VHS-) on onc or twa
light chains thercof, antibody with a C-terminal lysine residuc on one or two heavy chains thereof, cte, and
includes combinations of variations to the amino acid requences of heavy and/or light chams. The antibody
variant of particular inkerest herein is the antibody comprising an amino-terminal leader cxtension on one or two
light chains thereof, optionally further comprising othet aming acid sequence and/or glysasylation differences
relalive to the main species antibody.

A “therapeutic monoclonal aatibody” is an antibody wsed for therapy of a human subject. Therapeutie
monoclonal antibedies disclosed herein include: HER2 antibedies for cancer and various non-melignant diseases
or disarders; CD20 or BR3 antibodies for therapy of B cell malipnancies, antoimmune diseases, graft rejection,
or blocking an immunc rcsponse to a foreign antigen; IgE antibodies for therapy of an IgE-mediated disorder,
DRS or VEGF antibodies for cancer therapy.

&, “gtycosylation variant™ smttbody herein is an antibody with one or more carhohydrate moeitics
altached thereto witich differ from one or morc carbohydate moieties attached to & main species antibody.
Examples of glycosylation variants herein include antibody with a G1 ox G2 oliposaccharide stucture, instoad a
GO oligosaccharide structure, attached to an Fe region thereof, antibody with one or two carbohydrate moieties
attached to ons or two light chains thersof, antibody with no carbohydrate astached to one or two heavy chains of
the antibody, ctc, and combinations of glycosylation alterations.

‘Where the antibody has an Fe region, an oligozaccharide structure such as that shown in Fig. 16 herein
may be attached to one or two heavy chains of the antibody, e.g. at residue 299 (298, Bu numbening of residues).
For Pertuzumab, GO was the predominant oligosaccharide structure, with other oligosaccharide structures such
as GO-F, G-1, Man5, Man6, G1-1, G1(1-6), G1(1-3) and G2 being found in lesser amounts in the Pertuzumab
composition.

Unless indicated otherwise, a “G1 oligosaccharide structure” horein includes G-1, G1-1, G1(1-6) and
G1(1-3) stnichires,

An “amino-terminal leader extension” hercin refefs to one or more amino aeid residues of the amine-
torminal leader scquence that are present at the amino-tetminus of any one or more heavy or light chains of an
antibody. An exemplary amino-terminal leader extension comprises or consists of three aming acid residuss,
'VHS, preseat on one or both light chaine of an antibody variant.

“Homology” is defincd as the percentage of residucs in the amino acid sequen¢e variant that are
identical after aligning the sequences and introducing gaps, if necessary, to achiove the maximum percent
homology. Methods and computer programs for the alignment are well known in the sat. One such computer
program is "Align 27, authored by Genentech, Inc., which was filed with uscr docomentation in the United States
Copyright Office, Washington, DC 20558, on Decemnber 10, 1991.

Antibody “cffector functions™ refer 1o those biological activities attributable to the Fe region (a native
sequence Fe region or amino acid sequence variant Fe region) of an antibody. Examples of antibody effector
functions inclede Ciq binding; complement dependent cytotoxicity; Fe receptor binding; antibody-dependent

-16-



- K334L 588 5298A1 E333A, |1 C334A, |C326A 511 D56A1
NI Q0Y, S100aR M32L, 892A 5298A, E333A, K334A, K326A

One preferred humani zed 2E17 conpri ses 2H7v16 vari abl e
i ght domai n sequence:
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EDPEVKFNWYVDGVE' VEI NAKTI CPREEQYNATYRVVSVLTVLEI QDW NG C
El Cl CCl CVSNAALPAPI AA .



A "B-cell malignancy" herein includes non-Hodgkin's
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Am no acid sequence nodification(s) of the antibodies
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Oiginal Residue Exenplary Substitutions Preferred
Substitutions Ala (A) Val; Lau; Re Val My (10 Lys; GM
Asn Lys Mn (N G n; H's; Asp, Lys; Arg G n Asp 03)
GQu; Asn Gu Cys (C) Ser, Al a
hybridization (FISH; sec WO98/45479 published Qctober, 1998), southem blotting, or polymerase chain
reaction (FCR) techniques, such as real time quantitative PCR. (RT-PCR). Onc rnay alzo study HER receptor
overexpression by measuring shed antigen (e.g., HER cxtracellular domain) in & biclogical Avid such as serum
(s8e, e.g., U.S. Patent No. 4,933,294 issued Junc 12, 1990; W091/05264 published April 18, 1991; V.5 Patent
5,401,638 issued March 28, 1995; and Sias et al . fmmunol. Methods 132: 73-30 (1990)). Agide from the
above assays, various in vive assays are available to the skilled practitioner. Fox example, one may exposc cells
within the body of the patient to an antibody which is optionally labeled with a letectable label, £.g. 2
radioactive isotope, and binding of the antibody to cells in the patient can be evaluated, e.g. by external seanning
for radioactivity or by analyzing a biopsy taken from a paticnt previously exposed to the antibedy.

Conversely, 2 cancer which “does not overcxpress HER2 receptor” is ©ne which does not express
higher than normal levels of HER2 receptor compared to a noncancerous coll o the same tissue typa.

A cancer which “overexpresses™ a HER ligand is onc which produces significantly higher levels of that
Tigand compared to a noncancerous cell of the same tissue type. Such overexprezssion may be caused by gene
amplification or by increased transcription or translation. Overexpression of the: HER ligand may be determined
diagnostically by evaluating lovels of the ligand (or nucleie acid encoding it) in the paticnt, e.2. in 2 tamor
biopsy or by various diagnostic assays such as the IHC, FISH, southern blottings, PCR. or in vivo assays described
above.

The term "cytotoxic agent” as used herein refers to a substancs that intaibite or prevents the function of

. . P 131
cells and/or causes destruction of cells. The term is intended to inclnde radicac-tive isotopes (e.2. A 2”‘, *? s

1125, Ygo, Re.wﬁ, Rewg, Sm153, Bizu, P32 and radioactive isotopes of Lu), chemotherapeutic agents, and

toxins such as small molseule toxins or enzymatically active toxins of bacteriad, fungal, plant or animal origm,
including fragments and/or variants thercof.

A “chemotherapeutic agent™ is a chemical compound useful in the irssvtment of cancer. Examplos of
chemotherapcutic agents include alkylating agetits such as thiotepa and cyclosprhosphamide (CYTOXAN®);
alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carbaquone,
meturedops, and uredopa; cthylenimines and methylamelamines including altretamine, triethylenemelamine,
trietylenephosphoramide, triethiylenethiophosphoramide and trimethylolomelarnine; acetogenins (especially
bullatacin and bullatacinone); delta-9-tetrahydrocannabinol (dronabinol, MARTNOL®); beta-lapachone;
Iapachol; colchicines; betulinic acid; a caaptothecin (ineluding the synthetic analogue topotecan
(HYCAMTIN®), CPT-11 (rinotecan, CAMPTOSAR®), acetylcamptothesin, sieopolectin, and 9-
aminocamptothecin); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin
synthetic analogues); podophyllotoxin; podophyllinic acid; teniposide; cryptophycins (particularly cryplophycin
1 and cryptophycin 8); dolastatin; duocarmy-cin (including the synthetic analogues, EW-2189 and CB1-TM1);
eleutherobin, pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil,
chlornaphazine, cholophosphamide, sstramustine, ifosfamide, mechlorethamines, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, rofosfarmide, uracil mustard; nitrosurcas
such as carmustine, chlorezotocin, fotemustine, lotoustine, nimusting, and ranirnnustine; antibiotics such as the
enediyne antibiotics (e. £, calicheamicin, especially calicheamicin gammall and calicheamicin omegell (see,
e.p., Agnew, Chem Ind. Ed. Engl., 33: 183-186 (1994)); dynomicin, including dynemicin A; an esperamicing as
well as neocarzinostatin chromophore and related chromoprotein encdiyne antiobiotic chromophores),
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Ser @n (Q Asti; Gn M du (E) Asp; Gn Asp Ay (Q
Ala Ala Hs (H Am Gn; Lys; Are Arg le (1) Leu; Val;
Met; Al a; Phe; Norleucine Len Lcu (L) Norleucine; Ile;
Val; Met; Ala; Pimlle Lys (K) Arg; G n; Asn

aclacinomysins, actinomyein, authramycin, azascrine, bleomycins, cactinornyein, carabicin, carminomycin,
carzinophilin, chromemycinis, dactinomyein, daunorubicin, detorubicin, 6—diazo-5-oxo-L-norleucing,
doxorubicin (including ADRIAM Y CING, morpholino-doxorubicin, cyanomerpholine-doxorubiein, 2-pyrrolino-
doxorubicin, doxorubicin HCI liposome njeetion (DOXILE), liposomal doxombicin TLC D-99 (MY OCET®),
peglylated liposomal doxorubicin (CAELYX®), and deoxydoxorubicin), epirubicin, esorubicin, 1darubicin,
mareellomycin, mitomycins such as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, redorubicin, streptonigtin, streptozocin, tubereidin, ubenimex, zinostatin,
zorubicin; ant-metabolites such a3 methotrexate, gomeitabine (GEMZAR®E), tegafur (UFTORAL®),
capecitabine (KELODA®), an spothilone, and S-fluorouracil (5-FU); folic acid analogues such as denopterin,
methotrexate, pteropterin, wrimetrexate; purine analogs such as fiudarabine., ¢-mercaptopurine, thiamiprine,
thioguanine; pytimidine analogs such as ancitabine, azacifidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, floxuridine; anti-adrenals such @z aminoglutethimide, mitotanc,
irilostane; folic acid repienisher such as frolinic acid; aceglatonc; aldophos phamide glycoside; aminolevulinic
acid; cniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine ;. demecoleine; diaziquone;
elfornithine; elliptinium acetate; etoglucid; gallium nitrate; hydroxyurea; l<ntinan; lonidainine; maytansinoids
such as maytansine and ansamitocins; mitoghazone; mitoxantrone; mopidanmol; nitracrine; pentostating
phenamet; pirarubicin; losoxantrone; 2-ethylhydrazide; procarbazine; PSK<® polysaccharide complex (THS
Matural Products, Bugene, OR); razoxanc; thizoXin; sizofiran; spirogermamium; tenuazonic acid, triaziquone;
2,2" 2" trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and anguidine);
urethan; dacarbazine; memnomustine; mitobronitol; mitelactol; pipobromaxa; gacytosine; arabinoside ("Ara-C7);
thiotepa; taxeid, e.g., paclitaxcl (TAXOL®), albumin-enginesred nanoparticle formulation of paclitaxel
{ABRAXANE™), and docetaxel (TAXOTERE®); chloranbucil; 6-thiogusnine; mercaptopurine; methotrexate;
platinum agents such as cisplatin, oxaliplatin, and carboplatin; vincas, which prevent tubulin polymerization
from forming microtubules, including vinblastine (VELBAN®), vincristine (ONCOVIN®), vindesine
(ELDISINE®, FILDESING), and vinorclbine (NAVELBINE®); etoposide: (VP-16); ifosfamide; mitoxantrone;
leucovovin; novantrane; edatrexate; daunomycin; aminopterin; ibandronate; topoisomerase inhibitor RES 2000
difluorametlhyiornithine (DMFQ); retinoids such as rolinoic acid, includin g bexarotene (TARGRETING);
bisphosphonatss such as clodronate (for example, BONEFOS® or OSTAC®), etidronate (DIDROCAL®), NE-
58095, 2cledronic acid/zoledronate (ZOMETA®), alendronate (FOSAMA X ®), pamidronate (AREDIA®),
tiludronate (SKELID®), or dsscdronate (ACTONEL®); troxacitabine (a 1,3-dioxolane nucleoside cytosine
anelog): antisense oligonucleotides, particularly those that inhibit cxpression of genes in signaling pathways
jmplicated in aberrant cell proliferation, such as, for example, PKC-alphe, Raf, H-Ras, and epidermal growth
factor receptor (EGF-R); vaccines such as THERATOFPE® vaccine and gene therapy vaceines, for example,
ALLOVECTIN® vaccine, LEUVECTING vaccine, and VAXTID® vaccine; topoisomerase 1 inhibitor (e.g.,
LURTOTECAN®); muRH (e.g., ABARELIX®); BAY439006 (sorafenib; Bayer); SU-11248 (Pfizer); perifosine,
COX-2 inhibitor (e.g. cclecoxib or ctoricoxil), proteosome inhibitor (e 5. P5341); bortezomib (VELCADE®);
CCI-779; tipifarnib (R11577); orafenib, ABT510; Bel-2 inhibitor such as oblimerzen sodium (GENASENSE®),
pixantrone; EGFR. inhibitors (see definition below); tyrosine kinase inhibitors (see definition below); and
pharmacentically acceptable salts, acids or derivatives of any of the aboves as well as combinations of two or

more of the above such as CHOP, an abbreviation for a combined therapy of cyclophosphamide, doxorubicin,
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vincrisine, and prednisclone, and FOLFOX, an abbreviation for a treatment regimen with oxaliplatin
(FELOXATIN™) combined with 5-FU and leucovovin,

Also included in this definition are anti-honmonal 2gents that act to regulate or inhibit hormone action
on tumors such as anli-estrogens with mixed agonist/antagonist profile, including, tamoxifen (NOLVADEX®),
4-hydroxytamoxifen, toremifene (FARESTON®), idoxifene, droloxifene, raloxifene (EVISTA®), woxifene,
keoxifene, and selective estrogen recoptor modulators (SERMs) such as SERM3; pure anti-estrogens without
agonist properties, such as fulvestrant (FASLODEX®), and EM800 (such agents may block estrogen recepior
(ER) dimerization, inhibit DNA binding, increase ER turnover, and/or suppress ER levels); aromatase inhibitors,
including steroidal aromatase inhibitors such as formestane and exemestane (AROMASING), and nonsteroidal
aromatase inhibitors such as anastrazole (ARIMIDEX®), letrozole (FEMARA®) and aminoglutethimide, and
other aromatase inhibitors including vorozols (RIVISOR®), megestrel acetate (MEGASE®), fadrozole,
imidazole; lmenizing hormone-releaseing hormone agonists, including leuprolide (LUPRON® and
ELIGARD®), goserelin, buserelin, and tripterclin; sex steroids, including progestines such as megestrol acciate
and medroxyprogesierone acetate, estropens such as diethylstilbestrol and premarin, and androgens/retineids
such as fluoxymesterons, all transeetionic acid and fenretinide; onapristone; anti-progesterones; estrogen
receptor down-regulators (ERDs); anti-androgens such as flutamide, nilutamide and bicalutamide; testolactons:;
and pharmacewntically acceptable salts, acids or derivatives of any of the above; as well as combinations of two or

more of the above.

As uscd herein, the term “EGFR-targeted drug” refars to a therapeutic agent that binds to EGFR and,
optionally, inhibits EGFR activation. Examples of such agents include antibodies and small molecules that bind
1o EGFR. Examples of antihodies which bind to EGFR include MAb 579 (ATCC CRL HB 8506), MAb 453
(ATCC CEL HB8507), MAD 225 (ATCC CRL 8508), MAb 528 (ATCC CRL 8509) (s¢¢, US Patent No. 4,043,
533, Mendelsohn et al.) and variants thereof, such as chimerized 225 (C225 or Cenximab; ERBUTIX®) and
roshaped human 225 (F225) (see, WO 96/40210, Imclone Systems Inc.); antibodies that bind type IT mutant
EGFR (US Patent No. 5,212,290); humanized and chimeric antibodies that bind BQFR as described in TS Patent
Na. 5,291,996; and human antibodies that bind BGFR, such as ABX-EGF (see WODE/50433, Abgenix). The
anti-EGFR antibody may be conjugated with a cytotoxic agent, thus generating an immunoconjugate (see, £5.,
EP659.439A2, Merck Patent GmbH). Examples of small molecules that bind to EGFR include ZD1839 or
Gefitinib (IRESSA™; Astra Zeneca), CP-358774 ot Erlotinib HCL (TARCEVA™; Genentech/OSI) and
AG1478, AGI571 (SU 5271; Sugen).

A “tyrosine kinase inhibitor"is a molecule which inhibits to some extent tyrosine kinase activity of a
tyrosine kinase such as a HER: roccptor. Examples of such inhibitors include the EGFR-targeted drugs noted in
the preceding paragraph as well as small molecule HER?2 tyrosine kinase inhibitor such as TAK165 available
fram Takeda, dual-HER inhibitors such as BEXB-568 (available from Wyeth) which preferentially binds EGFR
but inhibits both HER2 & EGFR-overexpressing cells, GW572014 (available from Glaxo} an cral HER2 and
EGFR tyrosine kinase inhibitor, and PKI-166 (available from Novartis); pan-HER inhibitors such as cancrtinib
(CI-1033; Pharmacia); Raf-1 inhibitors such as antisense agent ISIS-5132 available from 1518 Pharmaceuticals
which inhibits Raf-1 signaling; non-HER targeted TK. inhibitors such ag Imatinib mesylate (Gleevac™) available
from Glaxo; MAPE extracellular regulated kinase T inhibitor CI-1040 (available from Pharmacia); quinazolines,
guch as PD 153035,4-(3-chloroaniline) quinazoline; pyridopyrimidines: pyrimidopyrimidines;
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Substantial nodifications in the biological properties

of the anti body are acconplished by sel ecting
substitutions that differ significantly in their
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aqgoperjcyfastor bageig is af afbopilet bindes VesFLY Ewﬂﬂ%ﬁhﬂ éﬂ%"éh g (HEGFL such as
RvaiamtlalaVesTINGl y, Pro; (6) aromatic: Trp, Tyr, Pho.

“The term "cytokine” is a generic term for proteins released by one: cell population which act on another
cell as intercellular mediators, Examples of such cytokines are lymphokines, monokines, and traditional
polypeptide hormones. Included among the cytolines ate growth hormones such as human growth hormone, N-
methiomyl human growth hormone, and bovine growth hormone; parathyroid hormone; thyroxine, insulin;
proinsulin; relaxin; prorelaxin; glycoprotein hormones such as follicle stimulating hormone (F5H), thyroid
stimulating hormone (TSH), and hstsinizing hormone (LH); hepatic growth factor; fibroblast growth factor;
prolactin; placental lactogen; tumor necrosis factor-o, and -; mullerian-intiibiting eubstance; mouse
gonadotropin-associated peptide; inhibin: activin; vascular endothelial gror-erth factor; integrin; thrombopoictin
(TPOY; nerve growth factors such as NGF-B; platelet-growth factor; transforming growth factors (TGFs) such as
TGF-a and TGEf; insulin-like growth factor-I and -II; erythropoietin (EPO); osteoinductive factors; interfarons
such as interferon-a, -B, and -y; colony stimulating factors (CSFs) such as mnacrophage-CSF (M-CSE);
granocyte-macrophage-CSF (GM-CSF); and granulocyte-CSF (G-CSP); interleukins (ILs) such ag IL-1, -1,
.2, IL.-3, L4, -5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, JL-12; a tumor ncerosis factor such as TNP-a or
TNE-; and other polypeptide factors including LIF and kit ligand (KL). As used herein, the term cytokine
includes proteins from natural sources or from recombinant ¢ell eulture and biologically active equivalents of the

native sequence cytoldnes.

The antibody which is formulated is preferably essentially pure axid desirably essentially homogensous
(Le. free from contaminating proteins etc). “Essentially pure” antibody mesans a composition comprising at least
about 0% by weight of the antibody, based on totzl 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

antibody, based on total weight of the composition.

A “B-cell surface marker” or “B-cell surface antigen” herein is ara antigen cxpressed on the surface of a
B ccll that can be targeted with an antibody that binds thereto. Bxemplary B-cell surface markers include the
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Non- conservative substitutions will entail exchanging
a nmenber of one of these classes for another class.
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be used Addi tion of glycosylation sites to the
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m nutes at roomtenperature; then rl ARG 31177. 244 may

be added to each well to a final concentration of 01

nM and the incubation may be continued for 8 m nutes.
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screen for antibodies which inhibit the growth of
cancer cells which overexprgss HERZ_ In one

enbodi nent, the growth inhibitory anti body of choice
is able to inhibit growth of SK-BR-3 cells in cel
culture by about 20-100% and preferably by about
50-100% at an anti body concentration of about 0.5 to
30 ughnL To identify such antibodies, the SK-BR-3
assay described in U S. Patent No. 5,677,171 can be
perfornmed. According to this assay. 8K-BR-3 cells are
grown in a 1:1 mxture of F12 and DMEM nedi um

suppl enented with 10% fetal bovine serum gl utam ne
and penicillin streptonycin_ The 5K-BR-3 cells are
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(1993) and Lode et al. Cancer Research 58: 2925-2928
(1998)). See, also, US Patent Nos. 5,714, 586;

5,712,374; 5,264,586; and 5,773,001 expressly

i ncorporated herein by reference. Enzymatically
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In yet another enbodi nent, the anti body may be
conjugated to a "receptor" (fuch streptavidin) for
utilization in tunor pretargeting wherein the

ant i body-receptor conjugate is admnistered to the
patient, followed by renoval of unbound conjugate from
the circulation using a clearing agent and then

adm nistration of a "ligand" (e.g. avidin) which is
conjugated to a cytotoxic agent (e.g. a

radi onucl eotide). (x) OQther antibody nodifications

O her nodifications of the antibody are contenpl at ed
herei n. For exanple, the antibody may be |inked to one
.of a variety of nonproteinaceous .polynmers, e.g.,
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Exenpl ary anti bodi es which can be fornul ated accordi ng

to the present invention include, but are not limted

to the follow ng: anti-ErbB antibodi es, including

anti - HER2 anti bodi es, such as those described in nore
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or F(Fedskapple, dt gorselonslantibifss mmge R e IR orgome e ehad first gegeribed by

forle: e1 al, Nature, 256:495 (1975), or may be made by recombinant DNA methads (U1.5. Patent No.
4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as 2 Ixamster, 1s Immunized as
hercinabove described to elicit lymphocytes that produce or are capable of producing amtbodies that will
specifically bind to the protein used for immunization. Aliernatively, lymphocytes may be immunized ir vitro.
Lymphocytes then are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to
form a hybridoma cell (Goding, Monaoclonal Antibodies: Principles and Practice, pp.59-103 (Academic Press,
1986)).

The hybridoma cells thus prepated are seeded and grown in a suitable culture roedium that preferably
containg one or mor substances that inhibit the growth or survival of the unfused, parerytal myeloma cells. For
example, if the parental myeloma cclls lack the enzyme hypozanthinc guanine phosphoiibosyl transferase
(HGPRT or HPRT), the culturc medivm for the hybridomas typically will include hypoxcanthine, aminopterin,
and thymidine (HAT medjum), which substances prevent the growth of HOPRT-deficiemt cells.

Preferred mycloma cells are those that fuse efficiently, support stable high-leve: production of antibody
by the selected antibedy-producing cells, and are sensitive to a medivm such as HAT medium. Among these,
proferred myeloma cell lines are murine mycloma lines, such as those derived from MOI*C-21 and MPC-11
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mouse tumors available from the Salk Institute Cell Distribuiion Center, San Diego, California USA, and Sp-2
or X63-Ap8-653 cells available from the American Type Culture Collection, Rockville, Maryland USA. Human
mycloma and mouse-human heteromyeloma cell lines also have been descrited for the production of human
monoclonal antibodics (Kozbor, J. Immurol., 133:3001 (1984); and Brodeur et al, Monoclonal Antibody
Production Techniques and Applications, pp- 51-63 (Marcel Dekker, Inc., New York, 1937)).

Colture mediom in which hybridoma cells e growing is assayed for production of moneclonal
antibodies dirccted against the antigen. Preferably, the binding specificity of monoclonal antibodies produced by
hybridoma cells is determined by immunoprecipitation or by an in vitro binding assay, such as
radicimmunoassay (RIA} or cuzyme-linked imraunoabsorbent assay (BLISA).

The binding affinity of the monoclonal aatibody can, for example, be determined by the Scatchard
analysis of Munson e al., Anal. Biochem., 107 220 (19800,

After hybridoma cells arc identified that produee antibodies of the desired specificity, affinity, and/or
activity, the clones may be subeloned by limiting dilution procedures and grown by standard methods (Goding:,
Monoclonz! Anttbodies: Principles and Practice, pp.59-103 (Academic Press, 1986)). Suitable culture media
for this purposc include, for example, D-MEM or RPMI-1640 medium. In addition, the hybridoma cells may e

ETOWN in vivo as ascites tumors in an animal.

The monoclonal aatibodies scereted by the subclones are snitably separated from the culture medium.,
ascites fluid, or scrom by conventional antibody purificasion procedures such as, for cxample, protein A-
Sephaross, hydroxylapatite ¢hromatography, gel electrophoresis, dialysis, or affinity chromatography.

DINA cncoding the monaclonal antibodies is readily isolated and sequenced using conventional
procedures {¢.¢., by using oligonucleotide probes (hat are capsble of binding specifically to genes encoding the
hcavy and light chaims of murine antibodies). The hybridoma cells serve as a preferred source of such DNA.
Once isolated, the DNA may be placed into expresgion vectors, which are then transfected into host cells such. as
E. coli cells, simian COS cells, Chinesc Hamster Ovary (CHO) cells, or myeloma cells that do not otherwise
produce antibody protein, to obtain the synthesis of monoclonal antibodies in the recombinant host cells.

Review articles on recombinant sxpression in bacteria of DNA cncoding the antibody include Skerra et al., Crerr.
Opinion in Immunol., 5:256-262 (1993} and Plilckthun, Immunol. Revs., 130: 151-1588 (1992).

In a further cmbodirnent, monoclonal antibodies or antibody fragments can be isolated from antibody
phage libraries gencrated using the techniques described in McCafferty et al., Naiure, 348:552-554 (1990).
Clackson et al.,, Nature, 352:624-62% (1991) and Marks ef al., J. Mol. BioL, 222:581-597 (1991) describe the
isolation of murine and human antibodies, respectively, using phage libraries. Subsequent publications describe
the production of high affinity (nM range) human antibodies by chain shutfling (Marks et al, Bio/Technolagy.
10:779-783 (1992)), as well as combinaterial infection and ir vive recombination as a strategy for constucting
very lacge phage libraries (Waterhouse et al., Nuc. Acids. Res., 21:2265-2266 (1993)), Thus, these techniques
are viable alternatives to traditional monoclonal antibody hybridoma techniques for isolation of monoclonal

antibodies.

The DNA also may be modified, for example, by substituting the coding sequence for buman heavy
chain and light chain constant domains in place of the homelogons murine sequences (U.5. Patent No. 4,816,367;
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(iii) Humanized antibodies

Methods for humanizing non-human antibodics have been described in the art. Preferably, a humantzed
antibody has ons or more aming acid residucs introduced into it from a sourcs which is non-human. These non-
human amino acid residuss are ofien referred to as "import” residues, which are typically taken from an "import”
variable donmin, Humsnization can be essentially performed following the method of Wiater and co-workers
(Jones et al, Nature, 321:522-525 (1986); Riechmann et al, Nature, 332:323-327 (1988); Verhooyen af al.,
Science, 239:1534-1536 (1988)), by substituting hypervariablc region sequences for the corresponding
sequences of a human antibody. Accordingly, such "humanized" antibodics ars chimeric antibodies (U_S. Patent
No. 4,816 .567) wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human gpecies. In practice, humanized antibodies are typically human
antibodies in which some hypervariable region residues and possibly some FR residues are substituted by

residues from analogons sites in rodont antibodies.

The choice of human variable domains, both light and heavy, to be used in making the humanized
antibodies Is very important to reduce antigenicity. According to the so-called "best-fir" methad, the sequence of
the variable domein of a rodent antibody is screencd apainst the entire library of known human variable-domain
sequénces. The human scquence which is closest to that of the rodent is then accepted as the human framework
region (FR) for the humanized antibody (Sims et al, J. Immunol., 151:2296 (1993); Chothia et al., J. Mol Biol,
196:901 (1987)). Another method uses a particular framework region derived from the conscnsus sequence of
all huraan antibodics of a patticular subgroup of light or heavy chains. The same framework may be used for
severnl different humanized antbodics (Carter et al, Proc. Natl. Acad Sci. USA, 89:4285 (1992); Presta ez al, J.
[mmunol., 151:2623 (1993)).

It is further important that antibodics be humanized with retention of high affinity for the antigen and
other favorable biological properties. To achieve this goal, according to a preferred method, humanized
antibodies aro prepared by 2 process of analysis of the parental sequences and various conceptual humanized
products using three-dimensional models of the parental and fmmanized sequences. Three-dimensional
immunaglobulin models are commonly available and are familiar to those gkilled in the art. Computer programs
are available which illustrate and display probablc threc~dimensional conformational structures of selected
candidate immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the
rosidues in the functioning of the candidate immunoglobulin sequence, Le., the analysis of residucs that
influence the ability of the candidate immunoglobulin to bind its antigen. In this way, FR. residues can be
selacted and combined from the recipient and import sequences 50 that the degired antibody charactenstic, such
as increased affinity for the target antigen(s), is achieved. In general, the hypervariable region residues arc

directly and most substantially involved in influencing antigen binding.
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WOD01/00245 deseribes production of exemplary humanized HER2 antibodies which bind HEXR2 and
block ligand activation of a HER receptor. The humanized antibody of particular interest herein blocks EGF,
TGF-u andfor HRG mediated activation of MAPE csscntially as effectively as murine monoclonal anitoody 2C4
(or a Fab fragment thereof) and/or binds HER2 csscntially as effectively as murine monosJonal antibed 3 2C4 (or
a Fab fragment thereof). The humanized antibody hetein may, for example, comprise nonhuman hyper—variable
region residues incorporated into a human variable heavy domain and may further comprise a framework region
(FR) substitution at a position selected from the group consisting of 69H, 71H and 73H wilizing the varisble
domain numbering system set forth in Kabat et al., Sequences of Proteins of lmmunological Interest, Sth Ed.
Public Health Scrvice, National Institutes of Health, Bethesda, MD (1991). In one embodiment, the inxnanized
antibody comprises FR substitutions at two or all of positions 69H, 71H and 73H.

An exemplary humanized antibody of interest herein comprises variable heavy domain
complementarity detcrmining residues GFTFTDYTMX, where X is preferabily D or § (SEQ ID Ne. 7);
DVNPNSGGSTYNQRFKG (SEQ ID No. 8); andfor NLGPSFYFDY (SEQ ID No. 9), optionally comprising
amino acid modifications of those CDR residues, e.z. where the modifications essentially maintain or irnprove
affinity of the antibody. For cxample, the antibody variant of interest may have from about one to abouxt seven
ot about five amino acid substihitions in the above variable heavy CDR sequences. Such antibody variants may
be prepared by affinity maturation, ¢.g.. as described below. The most preferred humanized antibody ¢ omprises
the variable heavy domain amino acid sequence in SEQ ID No. 4.

The lnmanized antthody may comprise variable light domain complementatity determining re-siducs
KASQDVSIGVA (SEQ ID No. 10); SAS YR, where the X as position 5 is prefembly R or L, wheresin the X
at position 6 is preferably ¥ or E, and the X as position 7 is preferably T or § (SEQ ID No. 11); and/er
QQYYTYPYT (SEQ I} No. 12), e.g. in addition to thoss variable heavy domain CDR residucs in the preceding
paragraph. Such humanized antibodies optionally comprise amine acid modifications of the above CDR
tesidves, e.g. whers the modifications essentially maintain or improve affinity of the antibody. For exeumple, the
antibody variant of interest may have from about one to about seven or ahout five amino acid substituti-ons in the
abovo varable light CIR sequences. Such antibody variants may be prepared by affinity maturation, =.g., a3
described below. ‘The most preferred humanized antibody comprises the variable light domain amino acid
sequence in SEQ ID No. 3,

The present application also contemplates affinity matured antibodies which bind HER2 and b>lock
ligand activation of & HER receptor. The parent antibody may be a human antibody or a humanized an tibody,
e.g., one comprising the variable light and/or heavy sequences of SEQ ID Nos. 3 and 4, respectively (. <. variant
574). The affinity matured antibody preferably binds to HER2 receptor with an affinity superior to that of
purine 204 or variant 574 (e.g. from about two or about four fold, to about 100 fold or about 1000 folcd
improved affinity, e.g. as assessed using a HER2-exracellular domsin (SCD) ELISA). Excmplary verisble
heavy CDR rcsidues for substitution include H28, H30, H34, H35, H64, H96, H99, or combinations of two or
more (.g. two, thres, four, five, six, or seven of these residues). Examples of variable light CDR residixes for
alteration include 1.28, 150, 153, 156, L91, 192, L93, Lo4, 196, L97 or combinations of two or more Ce.g- two
1o three, four, five or up to about ten of these residues).
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Varous forms of the humanized antibody or affinity matured antibody are contemplated. For example,
the humanized antibody or affinity matured antibody may be an antibody fragment, such as 2 Fab, which is
optionally conju gated with one or more eytotoxic agent(s) in order to generatc an Immunocenjugate.
Alternatively, the humanized antibody or affinity matured anttbody may be an full length antibody, such as an
full length IgG1 antibody.

{iv) Human antibodies

As an alternative to humanization, human antibodics can be generated. For cxample, it is now possible
to produce trans genic animals (e.g., micc) that are capable, upon immunization, of producing a full ropertoire of
human anfibodies in the absence of endogenous immunoglobulin production. For example, it has been described
that the homozy gous delction of the antibody hoavy-chain joining region (Jy) gene in chimeric and germ-line
mutant mice results in complete inbibition of endogenous antibedy production. Transfer of the human germ-line
immunaglobulina gene array in such germ-line mutant mice will resalt in the production of human antibodies
upon antigen challenge.  See, e.g., Jakobovits ef al, Proc. Nail. Acad, Scf. UJSA, 90:2551 (1993); Jakobovits ef
al., Nature, 362.:255-258 (1993); Bruggermann ef al., Year in Immano., 7:33 (1993); and U.5. Patent Nos.
5,591,669, 5,589,369 and 5,545,807,

Alternatively, phage display technology (McCafferty ef al, Nature 348:552-553 (1990)) can be used 10
produce human antibodies and antibody fragments in vifre, from immunoglobulin variable (V) doinain gene
repertoires from tnimmunized donors. According to this technique, antibody V domain geaes are ¢loned in-
frame into ejther a major or minor coat protsin gene of a filamentous bacteriophage, such as M13 or fd, and
displayed a5 functional antibody fragments on the surface of the phage particle. Bocausc the filamentous particle
contains a single-stranded DNA copy of the phage genome, sclections based on the functional propertics of the
antibody also Tesult in selection of the gene encoding the antibody exhibiting those propertics. Thus, the phage
mimics some of the properties of the B-cell. Phage display can be performed in a variety of formats; for their
review sec, &.g., Johnson, Kevin 8. and Chiswell, David 1., Current Qpinion in Structural Biology 3:564-571
(1993). Scveral sources of V-gene sepments can be used for phage display. Clackson et al., Nature, 352:624-
628 (1991) isolated a diverse array of anti-oxazolone antibodies from a small random combinatorial library of V
genes derived from the spleens of immunized mice. A repertoire of V genes from unimmunized human donors
can be constructed and antibodies to a diverse array of antigens (including self-antigens) can be isolated
cssentially following the techniques described by Marks et al., J. Mol. Biol 222:581-597 (1991), or Griffith et
al., EMBO J, 12:725-734 (1993), See, also, U.S. Patent Nos. 5,565,332 and 5,573,905,

As discussed above, human antfbodies may also be generated by in vitre activated B cells (see U.S.
Patents 5,567,610 and 5,229,275).

Human HER? antibodias are described in U.S. Patent No. 5,772,997 issued Juae 30, 1998 and WO
97/00271 published Janvacy 3, 1997.

(v) Antibody fragments

Various technigues have been developed for the production of antibody fragments. Traditionally, these
fragments were derived via proteolytic digestion of full length antibodies (see, e.g., Morimoto et al. , Journal of
Biochemical artd Biophysical Methods 24:107-117 (1992); and Brennan ez al, Seience, 220:81 (19850,
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Bispecific antibodies arc antibodies that have binding specificitics for at least two different epitopes.
Eacmplary bispecific antibodies may bind to two different epitopes of the HER? protesin. Other such antibodics
may combine a HERZ binding site with binding site(s) for EGFE, HER3 and/or HER4 . Alternatively, a HER2
arm may be combined with an arm whick binds to a triggering molecule on 4 leukocyte such as a T-cell receptor
moleeule (e.£. D2 or CD3), or Fe receprtors for [pQ (FeyR), such as FoyRI (CD64), FuryRIX (CDA32) and FeyRIN
(CD16) o as to focus cellular defensc mechanisms to the FER2-expressing cell. Bisprecific antibodies may also
boused to localize cytotoxie agents to cells which express HER2. These antibodies posscss 2 HER2-binding arm
and an axm which binds the eytotoxic agent (g saporin, anti-interferon-u, vineq 2lkal oid, ricin A chain,
mothotrexate or radioactive isotope hapten). Bispecific antibodics can be prepared as full length antibedies or
antibody fragments (e.g. F(ab'); bispecific autibodies).

WO 96/16673 describes a bispecific HER2/FeyRIN antibody and ULS. Patent No. 5,837,234 discloses a
bispecific HER2/FcyRI antibody IDM1 (Osidem). A bispecific HER/Fca antibody i shown in WO28/02463,

1.5, Patent No. 5,821,337 teaches a bispecific HER2/CD3 antibody. MDX-210 is a brispecific HER2-FeyRITI
Ab.

Miethods for making bispesific antibodics are known in the art, Traditional production of full length
bispecific antibodies is based on the coexpression of two immunoglobulin heavy chairu-light chain pairs, where
the two chains have different specificitiss (Millstein ef af., Namre, 305:537-538 (1983 ). Because of the random
assortment of immunoglobtin hkeavy and light chaine, these hybridomas (quadromas) produce a potential
mixhure of 10 different antibody molecules, of which only onc has the correct bispecifiic stucture. Purification
of the comrect molecule, which is usually done by affinity chromatography steps, is rather cumbersome, and the
product yields are low. Similar proceduxes are disclosed in WO 93/08829, and in Trmanecker et al., EMBO 1.,
10:3655-3659 (1991).

According to a different approach, antibody variable domains with the desitedd binding specificities
(antibody-antigen combining sites) are fused to immunoglobulin constant domain sequiences. The fusion
prefecably is with an immunoglobulin hesavy chain constant domain, comprising at least part of the hinge, CH2,
and CH3 regions. It is preforred (o have the first heavy-chain constant region (CH1) containing the sitc
necessary for light chain binding, present in at least one of the fusions. DNAs encodirag the immuno globulin

heavy chain fusions and, if desired, the Lmmunoglobulin light chain, are inserted into Separate expression vectors,
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recombinant cell culture, The preferred interface compnses at least a part of the Cy3 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 larger side chains (e.g. tyrosine or tryptophan). Comgaensatory "cavilies™ of
identical or similar gize to the large side chain(s) are created on the interface of the second antibody miolecnls by
replacing large amino acid side chains with smaller oncs (e.g- alaninc or threonine). This prrovides a mechanisoa

for increasing the yield of the heterodimer aver other unwanted end-prodacts such as homodimers.

Bispecific antibodies include cross-linked or “heteroconjugate” antiboxdies. For cxample, 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 (ULS. Patent No. 4,676.280), and for
treatment of HIV infection (WO 21/00360, WO 92/200373, and EP 03039). Heteroconjugzate antibodics may be
made using any convenient cross-linking methods. Suitable cross-linking agents are well Enown in the art, and
are digclosed in U.S. Patent No. 4,676,980, along with 2 number of cross-linking techniques.

Techniques for generating bispecific antibodies from antibody fragments have also been described in
the literature. For example, bispecific antibodies can be prepared using chemical linkagc.. Brennan, et al,
Science, 229: 81 (1985) describe a procedure wherein full length anfibodies are proteolytically cleaved to
generate F(ab) fragments. These fragments are reduced i the presence of the dithiol comnplexing agent sodium
arsenite to stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments
generated are then converted to thionitrobenzoate (TINE) derivatives. One of the Fab- TNE derivatives is then
reconverted to the Fab'-thiol by reduction with mercaptocthylamine and is mixed with an exquimolar amount of
the other Fab'-TNE derivative to form the bispeeific antibody. The bispecific antibodies produced can be used
as agents for the selective immobilization of enzymes.

Recent progress has facilitated the direct recovery of Fab~SH fragments from £, <oli, which can be
chemically coupled to form bispecific antibodies, Shalaby ef al., 1. Exp. Med., 175: 217-225 (1992) deseribe the
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production of a fully humanized bispecific antibody F(ab')s molecule. Each Fab' fragment was separately

secroted from £. eoli and subjected to directed chemical coupling fn vitro to form the bispecific antibody. The
bispesific antibody thus formed was able 1o bind to cells overcxpressing the HER? receptor and normal human
T cells, as well as trigger the lytic activity of human cytotoxic lymphocytes against human bre:ast tumor @rEets.
Various techniques for making and isolating bispecific antibudy fragments direetly from recormbinant cell
culture have also been described. For example, bispecific antibodies have been produced usin g lewcine zippers.
Kostelny ez al., J. Immunol., 148(5):1547-1553 (1992). The leucine zipper peptides from the Fos and Jun
proteins were linked to the Fab' portions of two different antibodics by gene fusion. The antibody homodimers
were reduced at the hinge region to form monomers and then re-oxidized to form the antibody heterodimers.
This method can also be otlized for the produetion of antibody homodimers. The "diabody” technology
deseribed by Hollinger et al., Proc. Natf. Acad. Sci USA, 90:6444-6448 (1993) has provided an alternative
mechanism for making bispecific antibody fragments. The fragments comprise a heavy-chain variable domain

(V) connected to a light-chain variable domain (VL) by a linker which is toc ghort to allow pairing between the
two domains on the same chain. Accordingly, the Vi 2nd Vi domains of one fragment are forced fo pair with

the complementary Vi, and Vi domains of another fragment, thereby forming two anli gen-binding sites.

Another strategy for making bispecific antibody fragments by the usc of single-chain Fv (sFv) dimers has alzo
becn reported. See Gruber ef al., J. Immunol, 152:5368 (1994).

Antibodics with more than two valencies are contemplated. For example, trispecific antibodies can be
preparcd. Tuit ef al. J. Immunef, 147: 60 (1991).

(vii) Other amino acid sequence modifications

Amino acid sequence modification(s) of the antibodies described herein are contemplated. For example,
it may be desirable to improve the binding affinity and/or other biclogical propertics of the antibody. Amino acd
sequence variants of the Antibody are propared by introducing appropriate mucleotide change= into the Antibody
nucleic acid, or by peptide synthesis. Such modifications include, for cxample, deletions from, and/or insertions
into and/or substitutions of, residuss within tho amino acid sequences of the Antihody. Any combination of
deletion, insertion, and substitution is made to arrive at the final construct, provided that the fimal construct
pussesses the desired charecteristics. The amino acid changes also may alter post-ranslational processes of the
Antibody, such as changing the number of position of glycosylation sites.

A useful method for identification of certain residues or regions of the Antibody that are preferred
locafions for mmtagenesis is called "alanine scanning mutagenesis” as described by Conningzharm 2nd Wells
Science, 244:1081-1085 (1989). Here, a residue or group of target residucs are identified (e.g_, charged regidnes
such as arg, asp, his, lys, and glu) and replaced by a neutral or negativaly charged amino acid (most preferably
alanine or polyalanine) to affect the interaction of the amino acids with antigen. Those amino acid locations
demonsirating fimetional sensitivity to the substitutions then are refined by introducing further or other variants
at, or for, the sites of substitution. Thus, while the site for iniroducing an amino acid sequence variation is
predetermined, the nature of the mutation per se need not be predetermined. For cxample, to analyze the
performance of a mutation at a given site, ala scanning or random miagenssis is conducted at the target codon
or region and the expressed Antibody variants arc screcned for the desired activity.
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guch substiutions rosult in a change in biological activity, then more substantial changes, denominated

"exemplary substitutions” in Table 1, or as further described below in reference to amino acid classes, may be
introduced and the products sereened.
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Table 5. Stability of Pertuzumab in glass vials Tenp
(QO) Tinme (Months) CAC LTV Spec. (ng/nlL) SEC (96
nmononer) TEC (% mai n peak) Bi oassay (% specific
activity) O Pass 29.2

Table 1

Original Exemplary Preferred
Residue Substitutions Subshitutions
Ala (A) Val; Leu; e Wal
Arg (R) Lys; Glo; Asn Lys
Asn (1D Gln; His; Asp, Lys; Arg Gln
Aszp (I Glu; Asn Gla
Cys (C) Ser; Ala Ser
Gln () Asn; Glu Asn
Glu (B) Asp; Gln Asp
Gly (3) Ala Ala
His (H) Asn; Gl Lys; Arg Arg
I ) Lew, Val; Mct; Ala; Lzu

Phe; Norleucine
Leu (L) Noddeucine; le; Val; e

Mer; Ala; Phe
Lys(E) Axg; Gln; Asn AIg
et (M) Len; Phe; e Leu
Phe (5 Trp; Leu; Val; Te; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (3) Thr Thr
Thr (T} Val; Ser Ser
Trp (W) Tyr Phe Tyr
Tyx (Y) Trp; Phe; Thr; Ser Phe
Val (V) De; Lew; Met; Phe, Leu

Ala; Norleacine

Substantial modifications in the biological properties of the antib-ody are accomplished by selecting
substitutions that differ significantly in their effect on maintaining (4) the structure of the polypeptide backbone
in the area of the substitution, for cxample, as a sheet or helical conformation, (b) the charge or hydrophobicity

of the molecule at the karget site, or () the bulk of the side chain. Amine acids may be grouped according to
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similarities in the properties of their side chains (in A. L. Lehninger, in Biochemistry, second ed., pp. 73-75,
‘Worih Publishers, New York (1975)):

(1) non-polar: Ala (A), Val (V), Leu (L), He (I), Pro (F), Phe (F), Trp (W), Met (M)
{2) uncharged polar: Gly (G), Ser (8), Thr (T), Cys (C), Tyr (Y), Asn (M), Gln(Q)

(3) acidic: Asp (D), Glu (E)

(4) basic: Lys (KD, Arg (R), His(H)

Alternatively, naturally occurring residues may be divided into groups based on common side-chain
properties:

(1) hydrophobice: Norleucine, Met, Ala, Val, Leu, Ile;

(2} neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu;

{4) basic: His, Lys, Arg;

(5) residucs that influence chain orentation: Gly, Pro;

(&) aromatic: Trp, Tyr, Fhe.

Mon-conservative substitutions will entall exchanging a member of one of these classes for another

class,

Any cysteine residue not involved in maintaining the proper conformation of the Antibody also may be
sobstituted, generally with serin, to mprove the oxidative stability of the molecule and prev-ent aberrant
crosslinking. Conversely, cysteine bond(s) may be added to the antibody to improve its stability {particularly
where the antibody is an antibody fragment such as an Py fragment}.

A particularly preforred type of substitutional variant involves substituting one or note hypervariable
region residucs of a parent antibody (e.g. a humanized or human antibody). Generally, the resulting variani(s)
selected for further development will have improved biological properties relative to the parent anttbody from
which they arc generaled. A convenient way for gencrating such substitutional veriants involves affinity
maturation using phage display. Briefly, several hypervariable region sites (e.g. 6-7 siles) are mutated to
generate all possible amino substitutions at each site. The antibody variants thus gencrated are displayed in a
monovalent fashion from filamentous phage particles as fusions to the genc T product of M 13 packaged within
each particle. The phage-displayed variants are then screened for their biological activity (e g. binding affinity)
as hercin disclosed. In order to identify candidate hypervariable region sites for modification, alanine scanning
mutagenesis can be performed to identify hypervariable region residues contributing sigrificantly to antigen
binding. Alternatively, or additionally, it may be beneficial to analyze a crystal structure of the antigen-antthody
complex to identify contact points between the antibody and its antigen. Such contact residwes and neighboring
residues are candidates for substitution according to the techniques elaborated hercin. Onee such variants are
generated, the panel of variants is subjected to screening as described herein and antibodies with superior
properties in one or more televant assays may be selected for further development.

Another type of amino acid variant of the antibody alters the original glycosylation pattern of the
aptibody. By altering is meant deleting one or more carbohydrate moieties found in the antibedy, and/or adding
ohe or more glycosylation sites that are not present in the antibody.
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100 ing/inL in the follow ng buffer conditions: (1) 10
roM hi sti di ne-HCl, pH 6. 0;

Glycosylation of antibodies is typically either N-linked or O-finked. N-linked refers to the attachment
of the carbohydrate moicty to the side chain of an asparapine residuc. The tripeptide sequences asparagine-X-
serinc and asparagine~X-threoninc, where X is any amino acid except proline, are the recognition sequences for
enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, the presence of either of
these tripeptide sequences in a polypeptide croates a potential glycosylation site. O-linked glycosylation refers
to the attachment of one of the sugars N-accylgalactosamine, galactose, or xylose to a hydroxyaming acid, most
commonly serinc or threonine, althongh S-hydroxyproline or 5-hydroxylysine may also be used.

Addition of glycosylation sites to the aptibody is conveniently accomplished by altering the amino acid
sequence such that it contains one or more of the above-deseribed ripeptide sequences (for N-linked
glycosylation sites). The altcration may also be made by the addition of, or substitution by, one or more serine
or threonine residues to the sequence of the original antibody (for O-linked glycosylation sites).

Where the antibody comprises an Fe region, the carbohydrate attached thereto may be altered. For
cxample, antibodies with a mature carbohydrate structure that lacks fucose attached to an Fe region of the
antibody are described in US Pat Appl No US 2003/0157108 Al, Fresta, L. See also US 2004/0093621 Al
(Kyowa Hakke Kogyo Co., Lid). Antibodies with a bisceting N-acetylglucosamme {GleMNAc) in the
carbohydrate attached to an Fc region of the antibody are referenced in WOO03/011878, ] can-Mairet ¢z gl and US
Patent No. 6,602,684, Umana et al  Antibodies with at least one galactose residuc in the oligosaccharide
attached 1o an Fc region of the antibody are reported in WO7/30087, Patel ef ol See, also, WORS/56964 (Raju,
5.) and WO95/22764 (Raju, 5.} concerning antibodies with altered carbohydrate attached to the Fc region
thereof. Antibody compositions comprising main species antibody with such carbohydrate structures anached two
the Fc region are contemplated herein.

Nucleie acid molecules encoding amino acid sequence variants of the Antibody are prepured by a
variety of methods known in the ari. These methods inelude, bt are not limited to, isolation from a natural
gource (in the case of naturally ecourring amino acid sequence variants) or prepacation by oligonuclootide-
mediated (or site-directed) mutagenesis, PCR mutagenesis, and casscite mutagenesis of an carlier prepared
variant or a non-varizmt version of the antibody.

(viii)  Screening for antibodies with the desired properties

Techniques for gencrating antibodies have been described above. One may further select aptibodies
with certain biological characteristics, as desired. ’

To identify an antibody which blocks ligand activation of 2 HER reeeptor, the ability of the anfibody to
block HER ligand binding to cells cxpressing the HER reeeptor (£.g. in conjugation with another HER receptor
with which the. HER, receptor of interest forms 2 HER hetero-oligomer) may be determined. For example, cells
naturally expressing, or transfocted to express, HER receptors of the HER hetero-oligomer may be incubated
with the antibody and then cxposed to labeled HER ligand. The ability of the HER2 antibody to block ligand
binding to the HER receptor in the HER heterc-oligomer may then be evaluated.

For example, inhibition of HRG binding to MCF7 breast tumor cell lines by HER2 antibodies may be
performed using monolayer MCF7 cultures on ice in a 24-well-plate format essentially as described in

WO01/00245. HER?Z monoclonal aptibodics may be added to each well and incubated for 30 minutes. 125I—

labeled rHRGP177-204 (25 pm) may then be added, and the incubation may be continued for 4 to 16 howrs.
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The preferred Pertuzumab f r%aﬁ?&%@ for therapeutic
mojis B ) o plont d LU AL PSS e PO, L™ Per t uzumab i n 20mv

hi st®rdinmelsa st growth biastiess oktke anfhody 2o EE MBS A satser6:
cosdiiallpds adaduln@iD schicRrap el Oheogene 15:1385-1394 (1997). According to this assay, MDA-MB-
175 cells may treated with a HER2 monoclonal antibody (10pg/mL) for 4 days arad stained with crystal violet.
Incubation with a HER2 antibedy may show a growth inhibitery effect on this celll line similar to that displayed
by monoclonal antibody 2C4. In a further embodiment, exogenovs HRG will net: significantly reverse this
inhibition. Preferably, the antibody will be able to inhibit cell proliferation of MIDA-MB-175 ceils to a greater
cxtent than monoclonal antibody 4D3 (and optionally to a greater cxtent than monioclonal antibody 7E3), both in

the presence and absence of exogenous HRG.
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Concentration Amount/L Pertuzumab 30 ng/nL 30 g

L- Hi stidi ne MA155. 16g/ mol 20 kW 3.10 g d acial Acetic
Acid MM 60. 059/ mol Density=1.05g/cn8 11.6 nlVl 0_66
nil, Sucrose MA342.3g/ ol 120 rnM 41. 1g Pol ysorbat e

20 %(9115 Erﬁbﬁ&m&l%&ﬁ@ﬂ%ﬂt@o@ 31%&:&%{/ rMJ)« b1tk Rerdpiilin depedibiVf asscociation of HER2
W'IN%IEE%HI' & M a@’%ﬂ lé‘lg nE as t?)eaﬁrru}éh ﬁla c&%ﬁdoﬁwpﬁﬁth%cu}ﬂeﬁ levich as

0 r I’TB. ass
that described in WOQ1/00245 substantially mure: ¢f Ectively than monoclonal antibody 4D3, ard preferably

substantially more cffoctively than monoclonal antibody 7E3.

To jdentify growth inhibitory HER2 antibodies, one may screen for antibodies which inhibit the
growth of cancer cells which overexpress HER2. In one cmbodiment, the growth inhibitory antibody of choice
is able to inhibit growth of SE-BR-3 cells in cell culturc by about 20-100% and preferably by aloout 50-1009% at
an antibody concentration of about 0.5 1o 30 pg/ml. To identify such antibodies, the SK-BR-3 assay described in
7.&. Patent No. 5,677,171 can be performed. According to this assay, SK-BR-3 cells arc prown in a 111 mixture
of F12 and DMEM medium sopplemented with 10% fetal bovine serum, glutamine and penicillan streptomycin.
The SE-BR-3 cells arc plated at 20,000 cclls in a 35mm cell culture dish (2mls/3500m dish). 0.5 to 30 pg/ml of
the HER?2 antibody is added per dish. Afier six days, the number of cclls, compared to untreated cells ars
counted using an electronic COULTER™ ccll counter. Those antibodies which inhibit growth «of the SK-BR-3
cells by about 20-100% or abont 50-100% may be selected as growsh inhibitory antibodies. Sees US Pat No.
5,677,171 for assays for screening for growth inhibitory antibodics, such as 4D5 and 3ES.

Tn order to scloet for FIER2 antibodies which induce apoptosis, an annexin binding asszry using BT474
cells is available. The BT474 cells are cultured and sceded in dishes as discussed in the precedi ng paragraph.
The medinm js then removed and replaced with fresh medium alons or medium containing 10p.g7/ml of the
monoclonal antibody. Following a three day incubation period, monolayers are washed with PEBS and detached

by trypsinization. Cells are then centrifuged, resuspended in Ch2+ binding buffer and aliquoted into tubes as

discussed above for the cell death assay. “Tubes then receive labeled annexin (e.g. anocxin V-FIIC) {1pgfml).
Samples may be analyzed using a PACSCAN™ flow cytometer and FACSCONVERT™ CellCruest software
(Becton Dickinson). Those antibodies which induce statistically sigmficant levels of annexin binding relative to
control are selected as apoptosis-inducing antibodies_ In addition to the anncxin binding assay, a DINA staining
assay using BT474 cells is available. In order to perfonn this assay, BT474 cells which have besen reated with
the antibody of interest as described in the preceding two paragraphs are incubated with 9ug/ml HOECHST
353427 for 2 hr at 37°C, then analyzed on an EPIC'S ELITE™ flow cytometer (Coulter Corpoxration) using
MODFIT LT™ software (Verity Software House). Antibodies which induce a change in the percentage of
apoptotic cells which is 2 fold or greater (and preferably 3 fold or greater) than untreated cells Cup to 100%
apoptotic cells) may be selected &5 pro-apoptotic antibodies using this assay. Scc WO98/177%7 for assays for
screening for HIER? antibodies which induce apoptosis, such 25 7C2 and 7F3.

To screcn for antibodies which bind to 2n epitops on HER2 bound by an antibody of ixaterast, a routine
cross-blocking assay such as that described in Amzibodies, A Laboratory Manual, Cold Spring Harbor Labomatory,
Bd Harlow and David Lane (198R), can be performed to assess whether the antibody cross-bloc-ks binding of an
antibody, such as 2C4 or Pertuzumab, to HER2. Alternatively, or additionally, epitope mappirag can be
performed by methods known in the art and/or one can study the antibody-HER? structurs (Framklin ez al
Carncer Cell 5:317-32% (2004)) to ses what domain(s) of HER2 is/arc bound by the antibody.

(ix} Immunoconjugates
The invention also pertains to immunoconjugates comprising an antibody conjugated o a cytotoxic

agent such as a chemotherapeutic agent, foxin (e.g. a small molecule toxin or an enzymatically sctive toxin of
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St opper: 20nmm DI LI : KY GREY, fiuoro-resin |am nated

Cap: 20rnm flip top alumnumFill volune: 14.50 ni

Delivery: 14.0 nL Pernazumab in nornal saline IV bag.

1050ng dose vial configuration: Vial: 50 cc Fornmal
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I||st|d|ne- cr
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exmgpls; bezommtyd FEMEYGSMe whiciopgyde Wﬂdmyﬁmw% )“ﬂ'fﬂ"ilfed nibody
(R ePdLl Cakclr. Rekedbrh BY: 127-161 GO VEAES § mQtamkRoid-sgirily ip@ur@ORj9zate.

M) Yk 3SGumbMIBAR ofiherBPeohpist¥ll Bk ankiddyt6hjuldked to onc or more
calicheamicin molecules. The calicheamicin family of aptibiotics are capable of producing double-stranded
DNA breaks at sub-pricomolar concentrations. Structural analogues of calichcamicin which ray be used include,
but are not limited to, 71l o7, a3’ N-acetylm:', PSAG and ' (Hinman ef al. Cancer Research 53: 3336-3342
(199 and Lode ef l. Cancer Research 58: 2925-2928 (1998)). See, also, US Patcnt Nos. 5,714,586; 5,712,374,
5,264,586; and 5,773,001, expressly incorporaied herein by reference.

Enzymatically active toxins and fragments thereof which can be uged include diphtheria A chain,
nonbinding active fragments of diphtheria toxin, exotoxin A chain (from Fseudomonas aerupingsa), ncin A
chain, abrin A chain, modeccin A chain, alpha-sarcin, Alewrites fordii proteins, dianthin proteins, Phytelaca
americana proteins CPAPL, PAPTL, and PAP-8), momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, resirictocin, phenomycin, enomycin aud the ricothecencs. 3ee, for
example, WO 95/21 232 published October 28, 1993,

The present; invention further contemplates an immuncconjugate formed between an anifbody and a
compound with nucleolytic activity (2.g. a ribonuclesse or a DNA endonuclease such as a deoxyribonuclease;
DNase).

A variety of radipactive isotopes are available for the production of radicconjugated HER2 antibodies,

2
Examples include Atzu I131 12 Ygﬂ Rr. Re 153,]3 12 I"32 and radioactive isotopes of L.

Conjugates of the antibody and cytotoxic agent may be made using a variety of bifunctional protein
coupling agents such as N-succinimidy)-3-(2-pyridyldithiol) propionate (SFDE), succimmdyl-4-(N-
maleimidomethyl) cyclohexane-1-carboxylate, iminothiolanc (IT), bifunctional derivatives of imidocsters (such
as dimethy] adipimiclate HCL), active eaters (such as disuccinimidyl suberate), aldehydes (such as
. plutareldchyde), bis—azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives
(such as bis-{p-diazoniumbenzoyl}-ethylenediamine), diisocyanates (such as tolyens 2,6-diigocyenate), and bis-
active Thiorine compounds (such as 1,5-difloore-2,4-dinitrobenzens). For example, a ricin immunotoxin can be
prepared as described in Vitetta et al. Science 238: 1098 (1987). Carbon-14-labeled I-isothiocyanatobenzyl-3-
methyldiethylens triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of
radionuclectide to the antibody. See W094/11026. The linker may be 2 “cleavable linker” facilitating release of
the eytotoxic drug in the cell. For example, an acid-labile linker, peptidase-sensitive linker, dimethyl linker or
disulfide-contining linker (Chari ef al. Cancer Researci 52: 127-131 (1992)) may be used.

Alternatively, a fusion protein comprising the HER2 antibody and cytotoxic agent may be made, .£. by
recombinant techniqques or peptide synthesis.
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extrinsic pathways. Chenotherapy can cause cell damage
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‘@F@ﬁ%ﬂ?@?ﬂmﬁ? Aponaab Fornulatlon For drug
product stability testing, Aponmab fornul ated bul k
filled into 5 cc FORVA VITRUM,r) glass vials were
fornmulated. Vials were filled with 5.5 nL of
formul ated anti body, fitted with 20 nta DAI I CYO0
stoppers, and stored at -70C, 5C, 30C, and 40C in the
upright position. For drug substance stability
testing. Apomab fornulated bul k was sterile filtered
through a 012 gin filter and 10 nL was filled into
aut ocl aved 20cc 316L stainless steel mni-tanks The
tanks were placed upright at -20C and 5C. A1 inL
al i quot was aseptically renmoved fromthe mni-tanks at
specified tine intervals to assess protei.n quality.




| on- Exchange Chr omat ogr aphy | on exchange

chr omat ography was carried out on an 1100 series HPLC
(Agil ent Technol ogies, Inc.) equipped with a diode
array detector. Chronmatography was carried out on a
PROFBAGncWERaToden witDieexe xapre pafetbin fofrfuncAG 6] mmgen bitding sifef gewlso

coﬁt@rﬁgffatcﬁus@;iplﬂké msﬂbomswﬁlmmekm tenperature at 40C
ile phase A was -70- 25 TIM sodi um phosphate, pH
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AGS Y sk r3§§&9(1W5 sk Q04 VFPJQ' Mo ARRRSE Uﬁ;f’fﬂﬁo Abko): U.$. Pat Nos.

4 tf’ﬂ% é%gg& 4?; J@V@Qg% E‘?ﬁﬁpﬂ%ﬁgﬁ Pﬁ“b“ég Egb%ﬁgsoges wng en\ﬁ’zianced circulation,

toprgrtidiseleseidn ‘é{ﬁ FasmNe SA1358% ot ei n was el uted fromthe

col pamcittly yeftiligosérizh da0 b shrgrated 1@ e emdrse Piatpevépatatign mithdd with @ lipid
comPfitiOh B prBing B pRtdy N Ot QrerbihH BEG-derivatized phosphatidylethanolamine (PEG-
PE). Liposomes arc cxtruded through filters of defined pore size to yicld iposomes with the desired diameter,
Fab' fragments of the antibody of the present invention can be conjugated to the liposomes as described in
Martin et al. J. Bipl. Chem. 257: 286-288 (1982) via a disulfide interchange Teaction. A chemotherapcutic agent
is optionally containcd within the lippsome. See Gabizon ez al, J. National Cancer Inst 21(19)14284 (1989).

(ix) Exemplary Antibodies
Bxemplary antibodies which can be formulated according to the present invention include, but are not

limited to the following:
anti-BrbE antibodies, including anti-HIERZ antibodies, euch as those describ«d in morc detail hercin;
antibodies that bind to a B-cell surface marker, such as CD19, CD20 (for example Rituximab (RITUXAN®) and
humanized 2H7), CD22, CD40 or BR3;
antibodies that bind to IzE, including Omalizumab CYOLATR®) commercially available from Genentech, 526
(Figs. 17A-B herein), HAR] (Figs. 17A-B herein), IgE antibody with an amino acid substitimion at position 265
of an Fe region thereof (US 2004/0191244 A1), Hu-901 (Figs. 17A-E berein), an IzE antibody as in
WO2004/070011, or an antibedy (including antibody fragments and full length antibodies) comprising the
varighle domains of any of those IgE antibodies. Scc, also, Presta et al, J, Trnmaunol. 151:2623-2632 (1993);
Internationzal Publication No. WO 95/19181; US Patent No. 5,714,338, issue=d February 3, 1998; US Patent No.
5,001,213, 1ssved February 25, 1992; WO 93/04173 published March 4, 192 3; WO $9/01356 published January
14, 1999; and US Patent Mo, 5,714,338;
antihgdies that bind to vascular endothelial growth factor (VEGE) or a receprtor thereof, including Bevaciznmab
(AVASTINT), commercially available from Genentech, and Ranibizumab (LUCENTIS™);
anti-IL-8 antibodies (St John et af, Chest, 103:932 (1993), and Internationall Publication Mo, WO 95/23865);
and-PSCA antibodies (W001/40309);
apti-CD40 antibodies, ineluding S2C6 and humanized variants thereof (WOH00/75348);
anti-CD11a antibodies, including efalizumab (RAPTIVA®) (US Patent No. 5,622,700, WO 98/23761, Steppe
et al, Transplant il 4:3-7 (1991), and Hourmant et al., Transplantation 58:377-380 (1994)); anti-CD18
antibodies (UJS Patent No, 5,622,700, issned April 22, 1997, or as in WO 97./26212, published July 31, 1997);
anti-Apo-2 receptor antibody (WO 98/51793 published November 19, 19587);
anti-TNF-al pha antibodies including A2 (REMICADE®), CDP5371 and MAK-195 (Sec, US Patent No.
5,672,347 issned September 30, 1997, Lorenz et al. J. Immunol. 156(4):16465-1653 (1996), and Dhainaut et al.
Crit. Care Med. 23(9):1461-1469 (1995));
anti-Tissue Pactor (TF) (Exropean Patent No. 0 420 937 Bl pranted November 9, 1594);
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For stability analysis of material used in the

Toxi col ogy studi es an anount of 30 ng of Aponab was
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December 19, 1996;
anti-CD3 antibodies, such as OKT3 (US Patent No. 4,515,893 issued May 7. 1985):
anti-CD25 or anti-tac antibadies such as CHI-621 (SIMULECT®) and (ZENAPAX®) (Sce US Patent No.
5,603,762 issned December 2, 1997);
anti-CD4 antibodics such as the cM-7412 antibody (Choy et al. Arthritis Rhewm 39(1)52-56 (1996)),
anti-CIDS2 antibodies such as CAMPATH-1H (Riechmann ez gl Nature 332:323-337 (19880);
anti-Fe receptor antibodies such ag the M22 antibody directed against FoyRI as in Graziano ot al, J. Immunol.
155(10):4996-5002 (1995);
anti-carcinoembryonic antigen (CEA) antibodies such as hMMN-14 (Sharkey et al Cancer Rezs. 55(23Suappl):
5935550455 (1995);
antibodies directed against breast epithelial c¢lls including huBrE-3, hu-Me 3 and CHLS (Ceriani er al Cancer
Res. 55(23): 58525-5856Gs (1995); and Richoan et al. Cancer Res. 55(23 Supp): 5916555205 (1995));
antibodies that bind to colon carvinoma cells such as C242 (Litton er al. Eur J, Immunal. 26 1):1-9 (1996));
anti-CD38 antibodies, e.g. AT 13/5 Bllis et al. J. Immunol, 155(2):925-937 (1993));
anti-CD33 antibodies such as Hu M195 (Yurcic et al. Cancer Res 55(23 Suppl):55085-5910s (1993) and CMA-
&76 or CDF771;
anti-CD22 antibodics such as LL2 or LymphoCido (Juweid er al. Cancer Res 55(23 Suppl):S899s-59075 (1955);
anti-BpCAM antibodies such as 17-1A (PANOREX®);
anti-GpIlk/Mla aatibodies such as abeiximab or ¢7E3 Fab (REOPROG);
anti-RSV anfibadies such as MEDI-493 (SYNAGIS®);
anti-CMV antibodies such as PROTOVIR®;
anti-EIV antibodies such as PROS542;
amti- hepatitis antibodies such as the anti-Hep B antibody OSTAVIR®,
anti=CA 125 antibody OvaRex;
anti-idiotypic GD3 epitope antibody BEC2;
anti-ovp3 antibody VITAXTNG,
anti-human renal cell carcinoma antibody such as ch-G230; ING-1,
anti-human 17-1A antibady (3622W04);
anti-human colorestal tumor antibody (A33);
anti-human melanoma antibody R24 directed against GD3 ganglioside;
anti-human squamous-cell carcinoma (SE-25); and
anti-human leukocyte antipen (HLA) antibodies such as Smart ID10 and the anti-HLA DR antbody Oncolym
(Lym-1}.
{xi) Antibody variant compositions

The present inveation, in at least one aspect, concerns formulations comprising & compaosition which
compriscs a mixture of a main species antibody and one or more variants thereof. Where (hee main species
antibody binds HER2, preferably the HER2 antibody {(cither or both of the main specics HER2 antibody and
antibody variant thereof) is one which binds to Domain IT of HER?, inhibits HER dimerization more effectively
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consisting of trehalose and sucrose, in an amount from about 60ImM to aboul 250mM; and polysorbate 20 in an
amoumt from about 0.01% to about 0.1%.

In yet a further embodiment, the invention provides a pharmaceutical formulation comprising an
antibody that binds to domain I of HER2 in 2 histidine buffer at a pH from about 5.5 to about 6.5, a saccharide
and a surfactant For example, the formulation may comprise Pextuzumsb in an amount from about 20mg/mL to
about 40mg/mL., histidinc-acctate buffer, sucrose, and polysorbate 20, wherein the pH of the formulation 1s from
about 5.5 to about 6.5

In another aspect, the invention provides a pharmaceutical formulation comptising a DRS antibody ina
histidine buffer at a pH from about 5.5 to about 6.5, a saccharidc, and & swactant, Such a formulation may, for
example, cormprise, Apomab in an amount from about 10mg/mi. to about 30mg/ml., histidine-acetate buffer,
trehalose, and polysarbate 20, wherein the pH of the formulation is from about 5.5 to about 6.3.

The formulation is especially uscful for antibodies that are susceptible 1o deamidation and/or
aggregation and/or fragmentation, in that the buffer rotards doanidation and/or aggregation and/or fragmentation
of the antibody formulated therein. In addition, unlike other histidine buffers prepared vsing HCI, the histidine-
acetate buffer lacks the chlotide jion which was found to be benc-ficial herein in that this buffer when combined
with saccharide had the same protective effect on antibody a5 porlysorbate 20, and was stable and compatible
wilh storage in stainless steel tanks. Thus, in addition to the formmulation per s¢ comprising the antibody
susceptible to deamidation, aggrogation and/or fragmentation, (e invention provides a method for reducing
deamidafion, aggregation and/or fragmentation of a therapeutic xmonoclonal antibody (for example, relative wo 2
composition at & different pH or in a different buffer), comprising formulating the antibody in & histidine-acetate
buffer, pH 5.5 to 6.5. In this embodiment, one may determine or measure deamidation, aggregation and/or
fragmentation before and after the antibody is formulated, with the formulated antibody demonstrating
acceptable deamidation, aggregation and/or fragmentation in the: formulation and upon storage thereof.

The antibody in the formulation may bind an antigen including but not limited to: HER2, CD20, IgE,
DES, BR3 and VEGE.

Where the formulated antibody binds HER2, it preferably is one which binds to Domain II of HERZ,
tnhibits HER dimerization more effectively than Trastuzumab, and/or binds to a heterodimeric binding site of
HER?2. The preferred embodiment herein of 2 formulated HERZ antibody is one comprising the variable light
and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, and most preferably comprising the Light
chain and heavy chain amino acid sequences in SEQ ID Nos. 15 and 16 (Pertuzumab).

Examples of CD20 antfbodics which can be formulated herein include: “C2B8" which is now called
“Rimpdmab” (“RITUXAN®™ commercially available from Genentech (sec also US Patent No, 5,736,137,
expressly incorporated horein by reference); the yttrium-[90]-lalzeled 2B8 murine entibody designated *“Y2BE"
or “Tbritumomab Timxetan” ZEVALIN® commercially available from Biogen-Idec (see also US Patent No.
5,736,137, expressly incorporated herein by refercnce); murine Tg(G2a “B1," also called “Tosimmomab,”
optionally labeled with 'Y to generate the “1311-B1" antibody Ciodine 1131 tosimmomab, BEXXAR™) (US
Patent No. 5,505,721, expressly incorporated hercin by reference); murine monoclonal antibody “1F5" (Press of
al. Blood 69(2):584.591 (1987) and variants thereof including “Framework paiched™ or humanized 1F5
(WO03/002607, Leumg, 5.); ATCC deposit HB-96450); murine 2E7 and chimeric 2H7 antibody (Clark et al.
PNAS 82: 1766-1770 (1985); US Patent No. 5,500,362, expressly incorporated herein by reference); humanized
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2H7; huMax-CD20 (WO 04/035607, Genmab, Denmark); AME-133 (Applied Molecular Evolution); A20
antibody or vaants thereof such as chimeric or humanized A20 antibody (eA20, hA20, respectivels) (US
2003/0219433, Immunomedics); and monoclonal antibodies 127, G28-2, 93-1B3, B-C1 or NU-B2 =vailable
from the International Leukocyte Typing Workshop (Valentine et al., In: Leukocyte Typing il (Mc-Michael, Ed.,
. 440, Oxford University Press (1957)).

In the preferred embodiment of a formulated CTDY20 antibody, the CD20 antibody is a homanized 2H7
antihody. Prefered humanized 2H7 antibodies herein are 2H7v16 and 2H7v511. The humanized 2EI7v16 may
be an intact antibody or antibody fragment comprising the variable light and variable heavy scquoncses in Figs.
18A-B (SEQ ID Naos. 26 and 29). Where the humanized 2ZH7v16 andbody i= a full length antibady, preferably it
comprises the light and heavy chain aming acid sequences with SEQ ID Nos. 63 and 65.

Where the antibody binds VBGF, it preferably comprises the variable domain sequences »s depicted in
Fig. 19. The most preferred anti-VEGF antibody 15 full length humanized IgGilantibody, Bevacizunab
(AVASTINT), commercially available from Genentech.

Where the formulated antibody binds IgE, it iz preferably selected from the group consistitag of: E25,
Omalizumab (XOLATR®) commercially available from CGenentech (see also Figs. 17A-B), E26 (Fims. 17A-B
herein), HAE] (Figs. 17A-B herein), IgE antibady with an amino acid substitution at position 265 of an Fc
region thereof (7S 2004/0191244 A1), Hu-901 (Figs. 17A-B herein), an IgE antibody as in WO2004/070011, or
an antibody (including antibody fragments and full length antibodics) comprising the variable domaing of any of
those IgB antibodies.

Where the antibody binds to a receptor in the tumor necrosis factor (TNF) superfamily or t« a death
receptor, it preferably binds to DRS, and preferably is an agonist antibody. Publications in this area. include
Sheridan ez al, Science, 277:818-821 (1997), Pan e al., Sciance, 277:815-818 (1997), WO9B/5179= published
November 19, 1998; WQ95/41629 published September 24, 1998; Screaton ef al., Curr. Biol , 7:683-696 (1997);
Walczak er al, EMEC j.. 16:5386-5387 (1997); Wu et al, Nature Generics, 17:141-143 (1997), WCOU8/35986
published Aupust 20, 1998; EP370,827 published Qctober 14, 1998; WO098/46643 published Octobesr 22, 1998;
WOU9/02653 published Japuary 21, 1999; W099/09165 published February 25, 1999; W099/1179 1 published
March 11, 1999; US 2002/0072091 published August 13, 2002; US 2002/0098550 published Decenciber 7, 2001;
US 6,313,269 issucd December 6, 2001; US 2001/0010924 published Avgust 2, 2001; US 2003/012255540
published July 3, 2003; U8 2002/0160446 published October 21, 2002, US 2002/0048785 publishecd April 25,
2002; US 6,342,369 issued Pebruary, 2002; US 6,569,642 issued May 27, 2003, US 6,072,047 issuc=d June 6,
2000, US 6,642,358 issued Movember 4, 2003; US 6,743,625 issued June 1, 2004, The most preferi-ed DRS
antibady is Apomab, .

Esach of the formulations noted above comprises a buffer, preferably a histidine buffer, and most
preferably a histidine-acetate buffer with a pH of 5.5 to 6.5, preferably 5.8 to 6.2, for example appro-ximately 6.0.
The concentration of the buffer is dictated, at least in part, by the desired pld. Bxemplary concentrations for the
buffer are in the range from about 1mM to about 200mM, preferably from about 10mM to about 40rmM, most
preferably about 20mM.

The antibody concentration in the formulation is preferably in the range from about 10mg/rnl. to about
250mg/mL. The antibody conceniration may be determined based on the intended use and mode of
administration of the formulation, For example, where the forrmulation iz for IV administration (e.g- a HER2
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antibody), the antibedy concentration in the formulation is preferably from about 20mg/mL to about 40mg/mL.
In the cxemplificd Pertuzumab formulation intended for intravenous (IV) administration, the antibody
concentralion was from about 20mg/mL to about 40mg/mL, mast preferably about 30mg/mL.

Where the antibody is for $Q or IM administration {e.g. for an anti-IgE antibady) higher concenirations
of the antibody may be desired. Such substantially high antibody concentrations may be from about 50mg/ml. to
about 250mg/mL, or from about 50mg/mL to about 250mg/mL, or from about 100mg/mL to about 200mg/ml..

Where the formulation comprises a DRS antibody, such as Apomab, exemplary antibody concentrations
are from about 10mg/ml. to about 30mg/mL, {or example ahout 20mg/ml DRS antfbody; such formulation
being useful for intravenous administration.

The formulation for administration is preferably an aqueous formulation (not Iyophilized) and has not
been subjected to prior Lyophilization. While the formulation may be Iyophilized, preferably itis not. However,
freezing of the aqueous formulation, without simultarecus drying that occurs during freczo-drying, is
specifically contemplated herein, facilitating longer term storage thereof, for instance in a stainless steel tank.

The formulation preferably further comprises a saccharide, most preferably a disaccharide, such as
trehalose or suctose. The saccharide is geaerally included in an amount which reduces soluble aggregate
formation, such as that which occurs upon freeze/thaw. Exemplary saccharidc concentmtions are in the range
firom about 10mM to about 1M, for example from about 60mM to about 250mM, and most preferably about
120mM for a HER2 antibody formulation, and about 240mM for a DRS antibody formulation.

Whila it was found herein that a formulation comprising histidine-acetate buffer and saccharide was
stabla, the formulation optionally further comprises surfactant, such as polysorbate, most preferably polysorbate
20. The surfactant is penerally included in an amount which reduces insoluble agpregate formation (such as that
which occurs upon shaking or shipping). The surfactant concentration is preferably from about 0.0001% to
about 1.0%, most preferably from abont 0.01% to sbout 0.1%, for example about 0.02%.

Optionally, the formulation docs not contein a tonicifying amount of a salt such as sedium chloride.

The formulation is gencrally sterile, 2nd this can be achieved according to the procedures known to the
gkilled person for generating sterile pharmaccutical formulations suitable for adminisiration to human subjects,
including filiration throngh sterile filtration membranes, prior to, or following, preparation of the formulation.

Moreover, the formulation it desirably onc which has been demonsteated to be stable upon storage.
Various stability assays are available to the skilled practitioner for confirming the stability of the formulation.
For example, the formulation may be onc which is found to be stable upon storage: at about 40°C for at least 4
weeks: at about 5°C or about 15°C for at least 3 months or at least 1 year; and/or about -20°C for at least 3
months. Stability can bo tested by evaluating physical stability, chemical stability, and/or biological activity of
the antibody in the formulation around the time of formulation as well as following storage at the noted
temperatures. Physical andfor stability can be cvaluated qualitatively and/or quantitatively in a variety of
different ways, including evaluation of aggregate formation (for example using size exclusion chromatography,
by measuring turbidity, and/or by visnal inspcetion); by assessing charge heterogeneity using cation exchange
chromatography or capillary zone elecirophoresis; amino-terminal or carboxy-terminal sequence analysis; mass
spectrometric analysis; SDS-PAGE analysis to compare reduced and intact antibody; peptide map (for example
tryptic or LYS-C) analysis; cvaluting biological activity or antigen binding function of the antibody; etc.
Instability may result in aggregation, deamidation (e.g. Asn deamidation), oxidation (e.2. Met oxidation),
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isomerization (¢.g. Asp isomeriation), clipping/hydrolysis/fragmentation (¢.g. hinge rogion fragmentation),
succinimide formation, unpaired cysteine(s), N-tcrminal catension, C-termingl processing, glycosylation
differcnces, etc. Biological activily or antigen binding function can be cvaluated using various techniques
available o the skilled pracationer.

As noted above, freszing of the formulation is specifically contemplated herein. Hence, the formulation
¢an be tested for stability wpon freezing and thawing,

According, the invention also provides & method of making & pharmaceutical formulation comprising
preparing the formulation as described hereim, and evaluating physical stabilitsy, chemicat stability, or biological
activity of the monozlonal antibody in the formulation.

1n the preferred embodiment, the formulation is provided inside a vizl with a stopper pierceable by a
syringe, preferably in aqueous form. The vial is desirably stored at about 2-8=<C until it is administered to 2
subject in need thereof. The vial may for example be a 20cc vidl (for examples for a 420mg dose) or 50cc vial
(for example for 2 1050mg dose). For a DRS antibady, such 45 Apomab, the formulation may be provided in4a
Se¢ glass vial (e.g. 5.5ml fill).

In another embediment, the formulation is provided inside a stainless. steel tank. The formulation in the
stainless steel tank is optionally frozen and not freeze-dricd. '

Ore or mors other pharmacsutically acceptable cammiers, excipients ox stabilizers such as those
described in Remington's 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
carricrs, cxcipients or stabilizers are nontoxic to recipients at the dosages and concenirations employed and
include: additional buffering agents: co-solvents; mtioxidants including ascor'bic acid and methionine; chelating
agents such as EDTA; metal complexcs (e.g. Zn-protein complexes); biodegradable polymers such as polycsters;
preservatives; end/or salt-forming counterions such as sodinm.

v. Treatment with the Antthody Formulation

In one embodiment, the invention provides a method of treating & dizease or disorder in a subject
comprising administering the formulation described herein to a subject in an amount effective to treat the discasc
or dizorder.

‘Where the antibody in the forrulation binds to HERZ, it is preferably used to treat cancer, The cancer
will generally comprise HERZ-expressing cells, such that the HER2 antibody herein is able to bind to the cancer
cells. Thus, the invention in this embodiment concems 2 meothod for treating FIER2-expressing cancer in a
subject, comptising administering the HER2 antibody pharmeceutical formulation to the subject in an amount
cffoctive 1o treat the cancer. Various cancers that can be treated with the comyposition are listed in the definitions
section above.

It is also contemplated that the HER2 antibedy formulation may be wised 1o ireat various non-malignani
diseases or disorders, such a include autoimmune disease (e.2. psoriasis); end ometriosis; scleroderma; restenosis;
polyps such as colon polyps, nesal pelyps or gastrointestinal polyps; fibroadexiome; respiratory disease (see
definition above); cholecystitis; neurofibromatosis; polycystic kidney disease; inflammatory diseases; skin
disorders including psoriasis and dermatitis; vascular discase (see definition above); conditions involving

abnormal proliferation of vascular cpithelial cells; gastrointestinal ulcers; Menetrier’s disease, secreling
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adenomas or protein loss syndrome; renal disorders; angiogenie disorders; ocular disease such as aggo related
macular depeneration, presumed oeular histoplasmosis syndrome, retinal neovascularization from paroliferative
diabetic retinopathy, retinal vascularization, digbetic retinopathy, or age relaled macular degencration; bone
associated pathologies such as ostooarthritis, rickets and osteoporosis; damage following a cerebral ischemic
eveni: fibrotic or edemia diseases such as hepatic cirthosis, lung fibrosis, carcoidosis, throiditis, hyperviscosity
synidrome systemic, Osler Weber-Rendu disease, chronic occlusive pulmonary discase, or edeina [ollowing
burns, trauma, radiation, stroke, hypoxia or ischemia; hypersensitivity reaction of the skin; diabetic retinopathy
and diabctic nephropathy; Guillain-Barre syndrome; graft versus host disease or transplant rejection; Paget's
dizease; bone or joint inflammation; photoaging (e.g. caused by UV radiation of human skin); benigzn prostatic
hyyrertrophy; certzin microbial infections including microbial pathogens sclested from adenovims, antaviruses,
Botrelia burgdorferi, Yersinia spp. and Bordetella permssis; thrombus caused by platelet aggregation;
reproduciive conditions such as endometriosis, ovardan hyperstimulation syndrome, preeclampsia, ysfunctional
uterine bleeding, or menometrorrhagia; synovilis; atheroma; acute and chronic nephropathics (including
proliferative glomerulonephritis and disbetes-induced ronal diseasc); cezema; hypertraphic scar forxnation;
endotoxic shoek and fungal infection; familial adenornatosis polyposis; neurodedenerative diseases (e.g.
Al=heimer’s dizease, ATDS-related dementia, Parkinson’s disease, amyotrophic Yateral sclerosis, et initis
pigmentosa, spinal muscular atrophy and cerebellar degendration); myelodysplastic syndromes; apl astic anemia;
ischemic injury; fibrosis of the lhmg, kidncy or liver; T-cell mediated hyperscnsitivity discase; mfamtile
hypertrophic pyloric stenosis; urinary obstmctive syndrome; psoriatic arthritis; and Hasimoto™s thysoiditis.
Prefered non-malignant indications for therapy herein include psoriasis, endomeiriosis, sclerodermua, vascular
disease (e.g. Testonosis, artherosclerosis, coronary artery discase, or hypettension), colon polyps, fitoroadenoma
or respiratory disease (e.g. asthma, chronic bronchitis, bronchieactasis or cystc fibrosis).

‘Where the antibody in the formolation binds to a B-cell surface maaker such as CD20 or B R3, the
formulation may be used to teat 2 B-cell malignancy, such ag NHL or CLL, an autpimmune disease, praft
rejection, or o block an immune response to a foreign antigen, such as an antibody, & toxin, a gene therapy viral
vector, a graft, an infoetious agent, or an alloantigen (see WO 01/03734, Grillo-Lopez ef al.).

Where the antibody in the formulation is an IgE antibody, it may be used to treat an IgE-mediated
disorder (USSN 2004/0197324 Al, Liu and Shire), such as allergic asthma, allergie rhinitis, atopic <lermatitis,
allesrgic gastrocnteropathy, hypetseusitivity, eczema, urticaria, allergic bronchopulmonacy aspergilleosis, parasitic
disease, hyper-IgE syndrome, ataxia-telangiectasia, Wiskott-Aldrich syndrome, thymic alymphopla=ia, IgE
myeloma, and praft-versus-host reaction.

Antibodies that bind to a reccptor in the TN superfamily (for instance which bind te DBE5 ), or which
bind to VEGE (or a receptar thereof), may be used to treat cancer, various forms of which are deseraibed it the
definitions section above. Proferably, the cancer treated with a DRS antibody formulation is a solid tumor or
NHL.

‘Where the indication is cancer, the patient may be freated with a combination of the antibo dy
formulation, and a chemotherapeutic agent. The combined administration includes eoadministzationy or
corcurrent administration, using scparate forraulations or a single pharmaceutical formulation, and ssonsecwtive
adininistation in efther order, wherein preferably there is a time period while both (or all) active age=nts

simultaneously exert their biological activitics. Thus, the chemotherapeutic agent may be administexed prior to,
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or following, administration of the composition. In this embodiment, the timing between at least one
administration of the: chemotherapentic agent and at loast one administration of the composition is preferably
approximately | menth or less, and most preferably approximalely 2 weeks or less. Alternatively, the
chemotherapeutic agient and the composidon are administered concurrently to the patient, in a single formulati on
or separate formulations.

Treatment ~with the formulation will resull in an improvement in the signs or symptoms of cancer or
disease. For instance, where the disease being treated is cancer, such therapy may result in an improvement ira
survival (overzll survival and/or progression free survival) and/or may result in an objective clinical responsc
(partial or complete». Moreover, treatment with the combination of the chemotherapeutic agent and the antiboady
formulation may regult in a synergistic, or greater than additive, therapentic benefit to the patient

Preferably, the antibody in the formulation administered is a naked antibody. However, the antibody
administered may bes conjugated with a cytotoxic agent Preferably, the immunoconjugate and/or antigen to
which it is boupd isfare internalized by the cell, resulting in inereased therapeutic efficacy of the
immunoconjugate irx killing the eancer cell to which it binds. In a preferred embodiment, the cytotoxic agent
targets or interferes with nucleie acid in the cancer cell. Examples of such cytotoxie agents include
maytansinoids, calicheamicing, ribonucleases and DNA endonucleages.

The formulation iz administered to a human patient in accord with kmown methods, such as intravencsus
administration, e.g., as a bolus or by continuous infusion over a period of time, by inframuscular, intraperitonesal,
intracerobrospinal, subcutaneous, intra-articular, intrasynovial, intrathecal, oral, topical, or inhalation routes.
Intravenous, intramiascular or subentaneons administration of antibody composition is preferred, with
intravenous adminisiration being most preferred,

For subcutaneous delivery, the formulation may be administored via syringe; injection device (e.g. thee
INTECT-EASE™ and GENJECT™ device); injector pen (such a5 the GENPEN™); needleless device (e.g.
MEDIECTOR™ anid BIOJECTOR™); or subcutaneous patch delivery systom.

For the pre-vention or treatment of disease, the appropriate dosage of the antibody will depend on the
type of disease to bex treated, as dofined above, the saverity and course of the diseasc, whether the antibody 15
administercd for preventive or therapeutic purposes, previous therapy, the patient's clinteal history and respon=e
to the antibody, and the discretion of the attending physician. The antbody i suitably administered o the
patient at one time ©T over a serics of tatments, Depending on the type and severity of the disease, about 1
ng/kg to 50 mpfkg Ce.g. 0.1-20mg/ks) of HER2 or DRS antibody is an initial candidate dosage for administrataion
to the paticnt, whethier, for example, by one or more separate administrations, or by continuous infusion. The
dosage of the antibordy will generally be in the range from about 0.05meg/ke to about 10mg/kg. a
chemotherapeutic agent is administered, it it usually administered at dosages known therefor, or optionally
lowered due to combined action of the drugs or nepative side effects atiributable to administration of the
chemotherapeulic agent. Preparation and dosing schedules for such chemotherapentic agents may be used
according to manufzcturers’ instructions or as determined empirically by the skilled practitioner. Preparation =nd
dosing schedules foxr such chemotherapy are also described in Chemotherapy Service Ed., M.C. Perry, Williaons
& Wilkins, Baltimoze, MD (1952).

Other therapeutic regimens may be combined with the antibody Including, but not limited to: a second
(third, fourth, etc) chemotherapeutic agent(s) (£e. “cocktails” of different chemotherapeutic agents); another

-61-



8.0 20.6 99,7 64 88 5 12 nonth Clear Colorless 6.0
20.7 99.6 64 106 Table 7. Stability Data for Aponab
Stored at 30C and 40C Tenp (C) Time Point Clarity
Col or pH
monoclonal antibody:a growth inhibitory agent; a cytotoxic agent; a chemotherapeutic agent; EGFR-targated

drug; tyrosine kinase inhibitor; ant-angiogenic agent; and/or cytokine; eic.
In addition to the above therapeutic reginmes, the patient may be subjected to surgicarl removal of cancer
cells and/or radiation therapy.

V. Articles of Manufactore

In another cmbodiment of the invention, an article of manufacture is provided whickh contains the
pharmacentical formulation of the present invention and provides instructions for its use. The article of
manufacture comprises a container. Suitable containers include, for cxample, bottles, vials (. g. dual chamber
vials), syringss (such as dual chamber syringes) amd test tubes. The container may be formedd fitom & variety of
materials such as glass or plastic. The container holds the formulation and the label on, or sssociated with, the
container may indicate directions for use. The container holding the formulation may be a manlti-use vial, which
allows for repeat administrations (e.g. from 2-6 adlministrations) of the reconstituted formulation. The article of
manufacture may further melude other materials desirable from a commercial and user stand point, including
other buffers, dilucnts, filters, reedles, syringes, and package inserts with instruetions for uses as noted in the
previous section.

The invention will be more fully understeyod by reference to the following examples. They should not,
however, be construed as limiting the scope of the: invention. All literature and patent citaticons are incorporated
herein by reference.

EXAMPLES

Stable Pertuzazmab Eignid Formulations
These examples describe the development and stability testing of stable liquid formaulations comprising
Pertuzumab at protein concentrations in the range from about 10 mg/ml — 180 mg/mlL. The selected
formulations had low turbidity, and were physically and chomically stable. A chloride ion was removed from

the formulation to reduce the risk of corresion. The formulation was isotonie, and suitable for subcutancous or
intramuscular delivery. Insoluble 2ggregate formation upon agitation stress was prevented tsing istidine-
acetate and sucrose formmlation, without the need to include polysorbate 20.

Amnalytical Methods
Color, Appearance and Clarity (CAC)

The color, appearance, and clarity of the samples were determined by visnal inspection of vials against
a white and blaek background under while fluorescence light at room femperatuie.

UV Concentration Measuremenis

The liquid product aliquot was first diluted with foroulation buffer so that the Ay near 278 nm is
within 0.5-1.0 absorbance unit. The UV absorbance of the diluted samples was measured in a quartz cuvette with
1 cm path length on an HP 8453 spectrophotometer. Absorbance was measured 2t 278 nm axid 320 nm. The
shsorbance from 320 nm is nsed to cormrect background light seattering due to larger agprepates, bubbles and
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particles. The measurcments were blanked against the formulatiors buffer. The protein conccnlration was
determined using the absorptivity of 1.50 (mg/mL) "cm™.

pH measprements

The pH was measured at room temperature wsing a RADTOMETER COPENHAGEN PEHMEZ™ p H
meter. The probe nsed was a combined glass/refersnce electrode wvith radiometer connector (Sigma, Cat#t E~-
5759). Standard solutions of pH 4.01 and pH 7.00 (EM Science) vwere used for r.:alib;ration of the pH meter.

Ion-Exchange Chromatography (IEX)

Cation exchange chromatography was employed to measure changes in charge varants. This assay-
utilizes a DIONEX, PROPAC WCH-10™ column on an HP 1100 HPLC systein, Samples were diluted to 1
mg/mL with the mobile phasc A containing 20 mM MES at pH 6_0. 50 mL of diluted samples were then loaded
on the column that was kept at ambient temperaturc. The peaks weere eluted with & shallow NaCl gradient nsing
mobile B containing 20 mM MES, 250 mM NaCl, pH 6.0. The eluent was monitorsd at 280 nm. The data wwere
analyzed using HF CHEMSTATION™ software (Rev A08.03).

Capillary Zone Elecirophopharesis (CZE)

The purity of Fab and F(ab"), fragments was determined by CZE. This assay was un on 2 BIORA D
BIOFOCUS™ 3000™ capillary electrophoresis syster with a BIOCAP XL ™ capillary, 50 pm LD., 44.6 &m
total length and 40 cm to the detector.

Size Exclusion Chromatography (SEC)

Size cxelusion chromatography was used to Guantitate aggregates and fragments. This assay utilizes a
TSE G000 $WXIL™, 7.8 x 300 mm column aod runs on an FP 1100™ HPLC systemn. Samples were diluted 1o
10 mg/mY. with the mobile phass and injection volume was 20 pL.. The mobilc phase was 100 mM KHFO, at
pH 6.8 and the protein was eluted with an isocratic gradient at 0.5 mL/min for 45 minutes. The elucnt
absorbance was monitored at 280 nm. Intcgration was done using, HP CHEMSTATION™ software (Rev
A08.03).

Biological Activity
The biological activity of Pertuzumab was determined b measucing its ability to inhibit proliferation of
the human breast cancer cell fine MDA-MB-175-VIL

EXAMPIE 1
Pertuzumab Fab and F(ab"), antibody fragments were foxmulated at protein concentration of 1.0 mg/mlL
in the following buffer conditions:
10 mM citrate, 140 mM NaCl, pH 4.0;
10 mM succinate, 140 mM NaCl, pH 5.0;
10 mM succinate, 140 mM NaCl,, pH 6.0;
10 mM histidine, 140 mM NaCl, pH 7.0; and
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10 mM glycylglycine, 140 mM NaCl, pH 8.0.

Colorless 6.0

Colorless 6.0 20.6

Each formulation was filteredd then aliquoted into 3 cc WHEATONT TSP Type 1 sglass vials scaled
with TEFLON™ coated gray butyl stoppers. Samples were stored at 40 + 2 °C. The stability~ analyscs of drug
product showed that the Fab and F(ab " ); were most stable between pH 5.0 and 6.0.

Table 2, Effcct of pH on degrndation of Fab or F(ab®); stored at 40°C

Formulation pH | Fab Fab’)z
C2E SEC CZE SEC
% Main Peak 9% Main Peak % Main Prak % Main Peak
4.0 74.1 96.7 43.6 89.4
50 832 064 654 540
6.0 82.9 96.2 69.0 923
70 33.9 6.4 623 913
8.0 727 96.4 49.2 89.8
EXAMPLE 2

Pertuznmab was formulated Znto 20 mM histidine-acetate buffer with 120 mM suct-ose and 0.02 %
polyscrbate 20. The pHs of formulations were adjusicd with acetic acid io final pH between 5.0 and 7.0. The
protein concentration was 30 mg/mL. Each formulation was filled into 3 ce USP Type I glass vials and stored at
40°C for stability analysis. The resulis showed that Pertuzumab was most stable around pH «5.0.

Table 3, Effeet of pH on degradatiom of Pertuzamab stored at 40°C

Formulation pi. Temperature Storage Time SEC IEX
Q) (wks) % Monomer % Main Peak
5.0 40 2 004 57.4
5.5 A0 2 99.4 592
6.0 40 p 99.4 60.6
6.5 40 p 99.53 60.5
7.0 40 2 99.1 54.0
5.0 40 4 973 48,1
55 4 4 991 50.5
6.0 40 4 90.1 533
6.5 40 4 99.0 523
1.0 40 4 98.6 423
EXAMPLE 3

Fertuzumab foroavlations at pprotein concentration of 100 mg/mL were prepared in the following

cxcipients:

(1) 10 mM histidine-HCI, 240 mM sucrose, 0.02% pol
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Colorless 6.0 20.2 94.1 37 51
Slightly yellow 6.0 20.4 93.2 31 55

(2) 10 mM histidine-acetate, 240 mM sucrosc, 0.02% polysorbate 20, pH 6.0;
{3) 10 mM histidine-phosphate, 240mM suerose, 0.02% polysorbate 20, pH 6.0;
(4) 10 mM histidine-sulfate, 240 mM sncrose, 0.02% polysotbate 20 at pH 6.0.

Each formulation was filled into 3 cc FORMA, VITRUM™ USP Type I glass vial sealed with
FLURQTEC™ faced butyl rubber stoppers. Samples were stored at 30°C and 40°C and stability was evaluated
for quality (CAC) and purity (SEC, IEC). The stahility results showed that Pertuzumab in bxistidine-phosphate
buffer degraded much faster than in other histidine buffers upon storage at 40°C (Fig, 8 and Fig. 9).

EXAMPLE 4
Pernrmumab was concentrated by altrafittration/diafiltration to various concentrations in the following
buffers:
(1) 20 mM histidine-acetate, pH 6.0;
(2) 10 mM histidine-HCl, pH 6.0, and
(3) 10 mM histidinc-sulfate, pH 6.0.

The turbidity of cach formulation was measured before the filtration. The results, as shown in Fig. 10,
demonstrated that Pertozumab samples formulated in histidine-acetate and histidine-HCI ad less amounts of
ingoluble aggregates than those in histidine-snifate buffer.

EXAMPLE 5

Pertuzumab was formulated at 30 mgfml. in 20 mM histidine-acetate, 120 mM sucrose, 0.02 %
polysorbate 20, pH 6.Q. Pertuzmab was filled in 3161 and HASTELTOY™ stainless steel anintature tanks. All
samples were stored at -20°C and 5°C and evalated for quality (CAC), purity (SEC, JRC) and strength (UV-
Vis). The stability analyses showed that Pertuzumab was stable in this formulation upon sEorage at —20°C and
5% for at Jeast 3 months. The chloride free formulation is compatible with 3161 and HAS"TELLCOY ™ stainless
steel tank.
Table 4. Stability of Pertuzumab in Stainless Steel Tanks

Tanks Temp Time CAC | TIV Spec. SEC IEC
°C) (Months) (mg/ml) | (% monomer) | % main peak)
0 Pass® 29.0 99.8 67.9
316L
=20 3 Pass 28.9 99.7 66.8
5 3 Pass 287 99.7 06.3
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Col or | ess

Fass

9.1

6.0 20.4 96.6 44 79 40 2

656.8

Pass

99.7

67.7

* Pass for Color, Appearance and Clarity: Clear W slightly opalescent, colorless to pale yellow solution.

Pertnzumab was formulated using tangential flow filtcation (TFF). The final formulat on contains 20
mM histidine-acetate, 120 mM sucrose, (.02 % polysorbate 20, pH 6.0 at protein concentratione of 30 mg/ml.

EXAMPLE 6

Samples were filled into a 20 M| FORMA VITRUM™ USP Typo I glass vial, capped with the 20 mm

 FLUROTRC™ faced butyl rubber stoppers, and sealed with sluminium flip-top caps. All samp les were stored
at «70°C, 5°C, 15°C, and stability was evaluated for quality (CAC}, purity (SEC, IEC), strength (UV-Vis), and
potency (Bioassay). The results showed that Pertuzumab is stable in this formulation upon storzge at 3°C and

15°C for at laast 3 months.

Table 5. Stability of Perfuzumab in glass vials

CAC
Temp Time UV Spec. IEC Bicrassay
(=C) (Months) (mg/mL) SEC (% main (% s pecific
(% monomer) peak) actavity)
Pass
0 292 99.8 64.1 B3
-70 1 Pass
29.7 99.8 65.2 o2
3 Pass
a7 99.8 67.0 o3
5 3 Pass
304 99.7 67.2 90
15 1 Pass
29.7 99.7 4.4 78
3 Pass
304 09.7 65.5 o3
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EXAMPLE 7

Pertuzumab was formulated at 100 mg/mL in the following buffer conditions:
(1) 10 mM higtidine-HCI, pH 6.0;
(2) 10 mM histidine-HCI, 240 mM sucrose, pH 6.0;
(3) 20 mM succinate at pH 6.0; and
(4) 20 mM succinate, 240 mM sucrose at pH 6.0,

Each formulation was added with different concentration of polysorbate 20. AIl samples were filled into
3 cc USP Type I glass vials and were agitated horizontally at 70 rpm at room temperature for up to 7 days. The
stability of each sample was evaluated at 7 day time point for turbidity. The results demonstrated that the use of”
polysorbate 20 in the final formulation cffectively prevented formation of insoluble aggregates. Sce Fig. 11.

EXAMPLE 8

Pertuzumab was prepared in the following formulations:
( 13 25 mg/ml. Pertuzumab, 10 mM histidine-HCI, 240 mM sucrose, pH 6.0;
(2) 50 mg/mlL Pertuzumab, 10 mM histidine HCl, 240 mM sucrose, pH 6.0;
(21 60 mg/mL Permizumab, 20 mM histidine-acetate, 120 mM sucrose, pH 6.0.

Various amounts of polysorbate 20 were added to each formulation. All samples were filled into 3 cc
USP Type I glass vials, and agitated horizontally at 70 rpm at room temperature for up to 7 days. The physical
stability of each sample was evaluated at 7 day time point for turbidity. The results demonstrated that the wse of”
polysotbate 20 in histidine-HCI and sucrose formulation effectively prevented formation of inzolnble particulatess.
The formulation containing histidine-scetate and sucrose appeared to have the same protective effect on protein
as polysorbate 20. Ses Fig. 12.

EXAMPLE 9

Pertuzumab was formulated as follows:

{1} 100 mg/mL protein, 10 mM histidinc-HCI, pH 6.0;
{2) 100 mg/mL protein, 20 mM suceinate, pH 6.0;
{3) 60 mg/mL protein, 20 M histidine-acetate, pH 6.0.

Each formulation was mixed with different amounts of sucrosc. All samples were sterilely filled into 3
cc USP Type I glass vials. Thoy wers then frozen at —70°C and thawed at 5°C three times. The physical stabilitsy
of each sample was determined after the three cycles of freezing and thawing. The results demonstrated that
sucross prevents soluble aggregate formation during the fresze-thawing process. See Fig. 13.
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EXAMPLE 10

"The preferred Pertuzumab formulation for therapeutic use sonsists essentially of 30mg/mL Peruznmab

Yellow 5.9 20.5

iz 20mM histidine acetate, 120mM sucroze, 0.02% polysorbate 20, at pH 6.0.

Compound Concentration Amount/L
Pertuzumab 30 mp/mL g
L-Hiztdine
20 mM 3.10g

MW=155.16g/mol
Glacial Acetic Acid
MW=0.05g/mol 11.6 mM 0.66 mL
Density=1.05gfcm”
Sucrose
MW=342.3g/mol 120 mM 4l.1g
Polysorbate 20

¥ s 0.02% (wiv) 0.2 mL.
Dengity=1.012g/cm

MW: Molecular weight

420mg dose vial configumation:

Vial: 20 cc Formal Vitram Type I glass

Stopper: 20mm DATEYO GREY™, fluoro-resin laminated
Cap: 20mo flip top altminum

Fill volume: 14.50 ml.

Delivery: 14.0 mL Pertuzomab i normal saline IV bag.

1050me dose vial confipuration:

Vial: 50 cc Formal Vitrum Type I glass

Stopper: 20mm DATE YO GREY™, fluoro-resin laminated
Cap: 20mm flip top aluminum

Fill volume: 36.0 mL

Delivery: 35.0 mL Pertuzumab in normal saline IV bag,
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agCuj#t awtibdy W@ﬁ@#\@mﬁtﬂ)’n sBF@ to induce apoptosis of various cancer cell lines. Preclinical
étudies using a murine tumor implant model have shown that Apomab has similar or improved tomor reduction

compared to Apo2L. Apomab is being evaluated as an anti-cancer agent in the indication s of advanced solid
tumors and Non-Hodgkin’s Lymphoma (NHL). The heavy and light chain amino acid secquences of Apomab
used in these experiments are shown in Figs. 27 and 28,

Freparation of Antibody Formulations

Recombinantly produced Apomab had very dilute proigin concentration and higka pH. The material was
concentrated to approximatoly 20 mgy/roL, and exchanged into 20 mM sodium acetats, pH 5.0 buffer using a
Millipore Labscale tangential flow filtration (TFF) systom with MILLIPORE PELLICON™ XL, PLCGC10, 50
cm membrans. Apomab samples were formulated into varfous buffer systems covering pT range from 4.0 to 7.0
using‘ sodium acetate, histidine acetate, and sodivm phosphate without trehalose and TWEEN 20® uzing dialyzis
with a 10,000 Dz molecular weight cut off membrane (Pierce, Inc). Trehalose at 240 mMVE was added in the last
dialysis. After dialysis, 0.02% TWEEN 20™ was added to the formulation and the samples were filtered with
0.22 pm filters (Millipore, Inc.). A 0.5 mL volume of Apomab was filled into sterile 3 cc glass vials (Forma
Vitrum, Inc.) and sealed with 13 mm stoppers (Daikyo, Inc). Protein stability was evaluated at -70°C, 5°C, 30°C,
and 40°C with storage for up to 3 months.
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Stability of Apomab Formulation
Tor drug product stability testing, Apomab formulated bulk filled into 5 cc FORMA YITRUM® glass

vials were formulated. Vials were filled with 5.5 mL of formulated antibody, fitted with 20 mira DAIR Y O®
stoppers, and stored at -70°C, 5°C, 30°C, and 40°C in the upright position.

For drug substance stability testing, Apomab formulated bulk was sterile filtered through a 0.22 pym
filter and 10 mI, was flled into awociaved 20cc 316L staintess steel mini-tanks. The tanks were placed upright
at—20°C and 5°C. A 1 miL aliquot was aseptically removed from the mini-tanks at specified Hnne intervals to
agsess protein quality. The control vials were 1 mb. aliquots in 3 cc glass vials stored at -20°C.

Calor, A ppearance, and Clarity
The clarity, appearance, and color of the samples were visually assessed under white fl uorescent light
using a 13.ght inspection station with black and white background. For analysis of the drug substance, mini-tank

samples “were transferred to a 3 ¢¢ glass vial for inspection.

pH

pH was measured at toom temperature with THERMO QRION SURE-FLOW ROSS™! semi-micro pH
electrodes for measuring buffers or THERMC ORION GLS™ combination micro pH ¢leetrods For measuriag
protein H screening samples, a Beckman microelectrode probe for Toxicology stability samples. The
METERLAB™ pHM240 pH/Ion meter (Radiometer Apalytical) was calibrated cvery day with buffer standands
(EM Science) at pH 7 and pH 4.

Concentration

Protein concentration was determined by uliraviolet absorption spectroscopy using an AGILENT
8453™ spectrophotometer, The samples were diluted with appropriate formulation buifer blankss o give an
absorbarxce from 0.5 to 1.0. The instrunent was blanked with the diluent solution and the spectenm was scanned
from 240 to 500 pm. The absorbance value at 320 nm was subtracted from the absorbance at 279 nm to correct
for offsct and light scattering. The protein concentrations were calculated by the following equartion:

Cone. {mg/ml) = (A279 - A320) X dilution factor
absorptivity coefficient in cm™ (mg/mL)™

The absorptivity coefficient based on scquence was initially determined to be 1.32 em™ *(mp/mL)" and
this valuc was used for the pH screening studics. A later value of 1.7 cm™{mg/mL)"! was deterrmined by amino
acid anaLysis and proteolysis methods and this value was used for the stability analysiz of Aporaab used in
Toxicology studies.

Ton-Exchange Chromatography

Ton exchange chromatography was carried out on an 1100 series HPLC (Agilent Techruologies, Inc.)
equippecd with a diode array detector. Chromatography was cartied out on a FROFAC WCH-10™ (Dhoncx)
column (4 x 250 mm) at a ﬂcu;v rate of 0.5 mL/min and with column temperature at 40°C. Mobile phase A was
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25 mM sodivm phosphate, pH 6.5. Mobile phase B was 100 mM sodium chloride in the same buffer as mobile

phase A. The column was cquilibrated with 100% mobile phase A For pH screening samples an amount of 20
mg of Apomsb was loaded onto the colurmn and the absorbance was monitored at 214 nm. Protein was ¢luted

from the column with the following gradient:

Time (min) %A %B
0 1060 0
50 0 100
51 100 0
70 100 0

For stability analysis of material used in the Toxicology studies an amount of 30 mg of Apomab was

Ioaded onto the columm and the sbsorbance was momitored at 280 nm. Protein was eluted from the colurmn with

the following pradient:

Gradient: Time (rain) Go A %8
0 1000 0
40.0 40 60
41.0 0 100
4540 o 100
45.1 100 @
60.0 100 0

Size-Exclusion Chromategraphy

Size cxclusion chromarography was carried out on an 1100 sexies HPLC (Agilent Technologies, Inc.)
equipped with a diode array detector. An amount of 50 pg Apomab was loaded onto 2 TEK Gel 30005WXL™
(7.8 % 300 mm) column and run at a flo-w rate of 0.9 ml/min for 20 minutes for pH screening samples and 0.5
ralfmin for 30 minutes for Toxicology stability samples with 0.20 M potassium phosphate, 025 M potassium
chloride, pHl 6.2 as a mobile phase. Abrsorbance was monitored at 230 nm.

Potency

The purpose of the potency bioassay was to measure the ability of Apormab to Kill Colo203 cells using
ALAMARBLUE™, ('olo205 is acolon carcinoma cell ling, which expresses both TIRS and DR4 death
reccptors. This assay incorporates a flaorometric/colorimetric growth indicator baged on detection of metabolic
activity,. ALAMARBLUE™ is aredox dyc that is blue and non-fluorescent in oxid ized state. The intracellular
metaholic reduction converts it into a resd color that is also fluorescent. The change:s in color and fluorescence
are proportional to the metabolic activity and number of living cells. The signal decreased when cells die.
Apomab was diluted in medium with anti-Fe and then Colo 205 cells were added b Apomab samples and
incubate at 37°C for 48 hours. ALAMARBLUE™ js added for the last 2-3 hours. "The plate wag read at 530 nm
excitation and 59 nm emission fo get relative fluorescence units (RFU). The data were analyzed by
EALEMAGRAPH™, A diluton curve of killing was generated.
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RESUL.TS
Formulation pH Sercen Study

The effect of pH on antibody stability was studiec] using Apomab produced from an unarmplified stable
cell line. For this analysis, Apomab was formulated at 20 ¥ng/mL antibody in 20 mM sodium aceate bufier at
pH 4.0,4.5,5.0, 5.5; 20 mM histidine acatate buffer ar pH 6.0 and 6.5; and 20 mM sodium phosplate buffer at
pH 7.0, All of the formulations containcd 240 miM trchalose and 0.029% TWEEN 208, The foraulations wero
stored for up to 3 months at temperatares of-70°C, 5°C, 30°C, and 40°C and protem stability was determined by
various analytical assays, including CAC, pH, conecitration, SEC and IEC. No significant changes in CAC, pH

or protein concentration were observed during storage of the samples.

Analysis of the samples by SEC showed that no significant changes oecurred during storage at 5°C and
-70°C. However, degradation observed as the formation of antibody fragments and soluble aggre grates occurred
during storage at 30°C and 40°C (Fig. 20). Te compare the: formulations, antibody monomer kiretics during
storagc was monitored and the first-order rate constants wesre calculated. The obtained pH rate profile for the
Toss in entibody monomer is shown in Fig- 21. The optimal condition for the stability of antibody: monomer was

obtained by formulating in histidine acctate buffer ai pH 6.0,

Apomab cherge heterogemeity was monitored by IBC. No significant changes in the IEC profile
oceurred during storage ar 59C and -70°C. However, degadation observed as the formation of acidic or basic
variants ocourred depending on the formulation (Fig- 22). In general, increased basic variants wers formed at
lower formulation pH and more acidic variants were Formed at higher formulatdon pH To compare the
formulations, IEC main peak kinetics was monitored dwring storage and the first-order rate constants were
calenlated. The obtained pH rate profile for the loss in IEC main peak is shown in Fig. 23, The rate constants
ghserved by IBC were approximately 10 fold higher than those from SEC (Fig- 21). Therefore, the loss in IEC
main peak was the primery degradation of the antiboly that will ultimately limit the prodiuct shelf life.
Furthermore, 85 observed by SEC, optimal antibody stability to stabilize IEC main pesk was abtained by
formulating in histidine acctate buffer at pH 6.0.

Following the analysis of pH screening data descxibed above, an Apomab formulation wras selected that
comprised 20 mg/ml. antibody in 20 mM histidine acetate, 240 mM trehalose, 0.02% polysorbate 20, pH 6.0.
For the drug product, the vial configuration consisted of 5.5 mlL fill in a 5 cc FORMA VITEUMI™ vial with a 20
mM DATEYO™ West stopper. Apormab was siored in stainless steel tanks,



60 - 140% NAThdA Clear Colorless 5.9 20.0 99.7 63 88
-201 nonth Cear Colorless 6.0 20.6 99.7 62 107 -203
month Clear Colorless 6.0

The stability of Apomab Drug Product was cvaluated in the Sce glass vial configuxation described
above. Vials were stored at -70°C (controls), 5°C, 30°C, and 40°C. Samples were pulled at specific time
intervals and analyzed by the following assays: color, appearance, clarity (CAC), pH, protein coracentration, SBC,
IEC, and potency. The tesults from these assays are shown in Table & for samples stored at -70°C and 5°C and
Table 7 for samples stored at 30°C and 40°C.

Table 6. Stability Data for Apomab Stored at -70°C and 5°C

SEC IEC Potency
Temp Time Concentration % (% maln {% Specific
(") Point Clarity Color pH {mg/mL} monamer)  peak) Activity)
Acceptance Criteria; Asport Report  6.020.3 202 = 05% Repart &0 - 140%
NA T=0 Clear Colorless 5.9 20.2 99.5 63 a4
-70 1 month Clear Colorless 6.0 205 588 63 86
-70 2 month Clear Colorless 6.0 20.4 a90.7 64 91
=70 3 month Clear Colorless 8.0 20.5 997 63 83
-70 6 month Claar Colorless 6.0 204 89.7 64 B5
-70 2 month Clear Colorless 6.0 20.4 99.8 65 B9
=70 12 Clear Colorless 6.0 20.8 99.7 63 107
month
5 1 month Clear Colorless 6.0 205 99.7 63 89
5 2 month Clear Colorless 6.0 20.4 09,7 G4 g9
b 3 month Clsar Coloress 6.0 20.6 99.7 63 84
5 & month Clear Colordess 6.0 20.5 09.7 B84 93
5 9 month Clear Colorless 6.0 20.6 09,7 G4 &8
5 12 Clear Colorless 6.0 207 99.6 64 106
manth
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20.6 99.7 63 82 -206 nmonth Clear Colorless 6.0 20.3
99.7 64 92 -209 nonth Clear Colorless 6.0 20.6 99.7 64
92 -2012

Table 7. Stability Data for Apomab Stored at 30°C and 40°C

SEC IEG Folency
Concentration (% (% maln (% Specific
Temp (°C) Time Point  Clarily Color pH {mg/rml)  monomer)  peak) Activity)
Acceptance Criteria: Report Repoit  6.0:£03 20%2 = 95% Aeport 60 - 140%

20 1 month Clear Colorless 6.0 20,6 2p.2 50 a1

30 2 month Clear Colorless 6.0 203 g97.4 54 80

30 3 month Clear Colorless 60 206 97.2 49 74

30 & month Clear Colorless 6.0 202 94.1 ar 81

30 gmonth  Clear  Slightly 6.0 20.4 93.2 3 55
yellow

30 12month  Clear Slightly 6.0 20.8 =y - a5 59
yellow

40 1 month Clear Colorless 6.0 20.4 96.6 44 79

40 2 month Clear Colorless 6.0 20.0 a93.7 3 64

40 3month  Clear Slightly 59 20.3 1.5 22 53
yellow

40 & rmonth Clear Slightly 6.0 20.2 83.9 NT 26
yallow

40 2 maenth Clear Yellow R 203 78.9 NT 25

40 12 month Clear Yellow 59 20.5 7.4 NT |

NT = not quantitated

No change in protein quabty was obssrved after twelve months storage at -70°C and 5°C. For instance,
the pH remained at 6.0 + 0.3, Apomab appeared as a clear and colorless liquid, the protein concentration
remained at 20.0 & 2.0 mg/ml, and % monomer was unchanged. Furthermore, there was no significant change
in % TEC main peak and % specific activity determined by the cell-killing potency assay was within the assay
precision of 60 % to 140 % specific activity. The results showed that Apomab stored in 5 cc glass vials was
stable for at least 12 months at 5°C.

Table 7 shows that changes in protein quality occurred at 30°C and 40°C. SEC thowed a decrease in %
roonomer with a rise primarily in fragment species. Aggregates increase as well at higher lemperature, but the
rate was much slower. However, the aggregates increase significantly after 6 months at 40°C. IBC % main peak
decreased with a comesponding increase in acidic variants. Basic peaks decreased slightly after 2 months at
40°C and @ months at 30°C. After six months of storage at 40°C, degradation occurred to an extent that TEC
main peak could oo longer be integrated. The cell killing bicassay showed loss of % specific activity at higher
temperature with longer storage time. Protein concentration apd pH were unchanged. ‘The solution becomes
slightly yellow after 3 months at 40°C and 9 months at 30°C and becomes yellow after 9 momths at 40°C,

Drog Substance Stability
Freeze-thaw stability data for dmg substance are shown in Table 8.

14



nonth Clear Colorless 6.0 21.2 99.7 65 94 51 nonth
Clear Colorless 6.0 20.5 99.7 62 95 53 nonth d ear
Colorless 6.0 20.7

Table 5. Freeze-Thaw Stability Data for Apomab Filled in Miniature Stainless Stee] Tanks

Temp (*C)  Frecze-Thaw Concenlration SEC
(Frezon/thaw)  Cyele No. Clarity Color pH (mg/mL) (% Monomer)
Accaptance Crileria: Report Report 6.0:40.3 200120 285%
Control 0 Clear Colorless 6.0 209 28.6
{unfrozen)
—20/25 1 Clear Colorless 6.0 203 99.6
—-20/25 2 Clear Colorless 6.0 208 099.6
—20/25 3 Clear Colorless 6.0 205 299.6

Table 9. Stability Data for Apomab Filled in Miniature Stainless Steel Tanks

SEC EC Potency
Temp Time Concontration (% {% main {% Specific
(*C) Point Clarity Color pH (mg/mL) monomer) peak) Activity)
Acceptance Crllorla:  Raport Report 60403 2042 = 85% Rapsort &0 — 140%
NA T=0 Clear Colorless 5.9 20.0 Q9.7 63 88
-20 1month Clear Colorless 6.0 20.6 99.7 &3 107
20 Fmonth  Clear Coloress 6.0 208 98.7 63 g2
-20 6month Clear Colorless 6.0 203 99.7 G4 a2
=20 9month Clear Golorless 6.0 20.6 99.7 G4 92
20 12 Clear Colodess 6.0 21.2 89.7 &5 94
moith
) imenth Clear Colorless 6.0 20.5 29.7 &2 a5
5 Imonth Glear Colotless 6.0 207 29.6 62 71
L] &émonth Clear CGolorless 6.0 20.4 295 &2 84
5 amonth Clear Colotless 6.0 208 99.4 &1 84
5 12 Clear Colodess 6.0 213 992 59 a2
month

o significant changes in the chemical characteristics of the protein were observesd after being frozen at
20°C for at least 15 hours and thawed at ambient temperaturs three times. For example, Apomalr appeared as a
clear and colorless liquid, the pH remained at 6.0 + 0.3, and the SEC monomer peak percentage was unchanged.

Apomab stability in stainless stee! containers was evalualed at - 0°C and 5°C (Table 9).
Samples were ascptically pulled from the inini-tanks at specific intervals and anal yzed.

Apomab showcd no change in protein quality at 5°C by pH, CAC, protein conceptrations and % masin peak by
IEC but lost 0.1% monomer by SEC every 3 months. Decreased potency was observed duaring storage at 5°C for
-75-




99.6 62 71 56 nonth Clear Colorless 6.0 20.4 99.5 52
84 59 nonth Clear Colorless 6.0 20.8 99.4 a 1 84 512
nmont h

3 months. However, the potency of the sample increased again at the 6 and 9 month tmepoints. Therefore, the
obscrved potency difference at the 3 month timepoint was attributed to assay variation. Apomab showed mo
change in protein quality at -20°C by pH, CAC, protein concentration, % monomer by SEC, % main peak by
IEC, and no significant change in potency. The stability data show that Apomab is stable for at least | year at- -
20°C and three months at 5°C.

CONCLUSION

Formulation scroening studies were performed to select a fermulation for Apomab. A pH screen
covering the pH range 4.0 to 7.0 using sodium acetate, histidine acetate, and sodium phosphate as buffers with
240 mM trehalose dihydrate and 0.02% polysorbate 20 showed that Apomab is maost stable in solution at pH 6. Q.
Thercfore, a formulation consisting of 20 mM histidine acctate, 240 mM trehalose, 0.02% polysorbate 2, pH &.0
was developed and demonstrated experimentally to be stable, Using this formulation, Apomab was shown to be
stable for at least 12 months at 5°C.  Furthermore, Apomab was shown to be stable for at least 12 months ar -
20°C and tiree months at 5°C when stored in 316L stainless steel containers, Apomab was also shown to e
stable when subjected to up to 3 freeze/thaw cycles.



Clear Colorless 6.0 21.3 99.2 59 82 No
significant changes in the chem cal characteristics of
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for at |least 15 hours and thawed at anbi ent
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Ei%ﬁ;#ﬁ%;ﬁﬁﬁﬁékége SEC nmononer peak percentage was
25 s b stability in stainless stee

contai ners was evaluated at -20C and 5C (Table 9).
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8. Thp doiniatationldf ylaim 1fartbérablnrisivg saghdrides f ormul ati on,
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at least 12 nonths at - 20C and three nonths at 5C
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11f ree 28 dull@ivh @Y 6laRS 8 wh%tﬂe%a@hﬁh&éﬁ@sﬁéose 1. A stable

pharmaceutical fornulation conprising a nonocl onal

12 a'ﬂ'lé RAAY 14idn BF ts,ltalni‘ii el ﬁ\tc%asg:lﬁgu,fl@&r conPéritration Ek frén Qﬂéh/l to M.

wherei n the nonoc antl body Is Pertuzuna

13]23 Ogﬂpfo%hﬁﬂmﬁjfof ¢ladth WZHK‘Q’@irnet'h@ shdRadd Echebdition 8 b 60mM to
250mM.

14. The formulation of ¢claim 1 further comprising surfactant.
15. The formulation of claim 14 wherein the surfactant is polysorbate.
16. The formulation of claim 15 wherein the surfactant is polysorbate 20.
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3. The fornulation of claim1l wherein the

hi stidi ne-acetate buffer concentration is fromlmto
200mMM 4. The fornmul ation of claim3 wherein the

hi sti di ne-acetate buffer concentration is from10nMto
40mMM 5. The fornulation of claim1l wherein the
nmonocl onal anti body concentration is from 10ng/nL to

17, B BrBaronaf Foey Tolifedn fhefltrCtReduBEhg RemGooors w

1.040ng/ nL. 7. The fornulation of claim5 wherein the
nmonocl onal anti body concentration is from80ng/nL to
18. 29000émulatio. of ThEd 07 RiHcadih oy ofrfelant Bdrkehttdtion€k from 0.01% to
conprising saccharide. 9. The fornulation of claim38
0.1%herein the saccharide is a disaccharide. 10. The
fornmul ati on of claim8 wherein the saccharide is
19. tA pharmgeautical formutpiiors eomusiskyg on of claim 8 wherein the
saccharide is sucrose. 12. The fornul ation of claim8
(a) el éﬂnstht améibedscintaarampantigpn d Amedel. eh2ikng/ mbawhengin the antibody
is M] . The formulation of claim12 wherein the
saccuharl de concentration is from60nMto 250nM  14.
for ty 1 further conprisin
(b) ;l;‘ur énéztaantfa% bu?% ﬂ%gg?o?rsrul ation of Crgl m 14gvvher e| n
t he sufa sorbate rmul ati
© PR e o PR B o B ot B Ar B 6P Bhoun
from 60mM 1/250hM; 4 nul ation of claim 14 wherein the
surfactant concentration is fromO _0001%to 1.0% 18.

(d) Posysb@amioah af Bmehntorkdh M1 % wheregi n the surfactant

concentration. is from0.01%to 0.1% 19. A

20. pm MRt te@dding QSAMibAdnQ} ag SYEPAtioRl 0Td therhpelitid mrorbélonal
| ength antibody in an amount from 10ng/ nL to 250ng/ ni,

antippdy, ePrprisag Snimulpsing theantibpdyinmhisiding: ipptate buffer, pH 5.5 t0 6.5,
whé} ﬁ]t éjhrﬂg) ‘Fﬁt g,rt% nl{%g.er pH 5.5 to 6. 5_ _(c)
e ec

sacc ari Fom the group consisting of
21. tz‘é E}%l‘rr?azelglcapfosuclap (’.‘,OI'II'lpl'lSln% an?%d 1%%@189&1]?1\@ tgu?fer at a pH from

5.5 to 6.5, a saccharide, and a surfactant, wherein the antibody comprises the variable light

and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, respectively.
22, The formulation of claim 21 wherein the buffer is histidine-acetate.

23, The formulation of ¢claim 21 wherein the antibody compriscs a light chain amino acid
sequence selected from SEQ ID No. 15 and 23, and a heavy chain amino acid sequence

selected from SEQ ID No. 16 and 24.
24, The formulation of claim 21 wherein the pH of the formulation is 5.8 to 6.2.
25. The formulation of claim 21 wherein the antibody is a full length antibody.

26. The formulation of claim 21 wherein the antibody concentration is from 20mg/mL to

40mg/mlL.
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(d) polysorbate 20 in an amount from0.01%to 0.1%
20. A nethod for reducing deam dation or aggregation
of a therapeutic nonocl onal antibody, conprising
fornmul ating the anti body in a histidine-acetate
buffer, pH5.5 to 6.5, wherein the antibody is
Pertuzumab. 21. A pharmaceutical fornulation

r ant.i bod e _buffer
27. A el iAo BRLRE o olelis Pl Alnihd o B plrhnhort R 1o
40nvg7hatem@nduhe agupdte beliyr, aempe, Sdpotyerbur20alherein tdpH afi che
ri ab) no acid sequences in SEQ ID Nos. 3
f““%ﬂﬂ“%’ 'Sﬁ-ré’ gg{‘? 851 y. 22. The fornulation of claim21

wgerel the buffer is histidine-acetate. The
28. 1 8¢ fRsmatation oblaiy A7 AYDArSRRE: %Wm%f"&nﬁ%wﬂw%%@e&ﬂ

hlstﬁiulnd ﬁ%iat&mwlﬂmm%ué}%k@ aRE AP 6 92581 Peb Afhrd 70 Wk hPpH of
d 23, and a heavy chain am'no acid séquence

themweumra*mt@sﬁ(g ID No. 16 and 24. 24. The
formul ation of claim 21 wherein the pH of the

29. fovialvigh & enppes pler@able by.axyriage comwisingrthe farmiubtioo of claim 21.
claim 21 wherein the antibody is a full |ength

30. Amdtaiblesystee? Gnk Thmpfipingthedbmowlatdn afl cddim 22 Iin wheetasi.n t he
anti body concentration is from 20ng/nL to 40ng/ nL.
27. A pharmaceutical fornulation conprising Pertuzumab
in an anount from 20ng/ L to 40ny/ i,
hi sti di ne-acetate buffer, sucrose, and pol ysorbate 20,
wherein the pH of the fornmulation is from5.5 to 6.5.
28. The fornmul ation of claim 27 conprising about
30mg/ mL Pertuzumab, about 20mM hi sti di ne-acef at e, about
120mM sucrose, and about 0.02% pol ysorbate 20, wherein
the pH of the fornulation is about 6.0. 29. A vial
Wi th a stopper pierceable by a syringe conprising the
formulation of claim?2l1. 30. A stainless steel tank
conprising the fornmulation of claim?21 in the tank.
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